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GENERAL  REPORT. 


The  following  report  comprises  the  general  work  of  the  State 
Board  of  Health  of  Massachusetts  for  the  year  ending  Sept.  30, 
1893. 

The  following  are  the  subjects  embraced  in  this  report :  — 

Report  to  the  Legislature  upon  Water  Supply  and  Sewerage,  includ- 
ing the  Advice  of  the  Board  given  under  the  Provisions  of  Chapter 
375  of  the  Acts  of  1888. 

summary  of  weekly  mortality  returns  from  cities  and  towns. 

Reports  of  Infectious  Diseases. 

Reports  upon  Food  and  Drug  Inspection. 

Infectious  Disease  Hospitals. 

Health  of  Towns. 

The  following  members  comprised  the  Board  in  1898  :  — 


Henry  P.  Walcott,  Chairman. 


Frank  W.  Draper. 
Hiram  F.  Milu. 
Elijah  U.  Jones. 


Joseph  W.  Hastings. 
Gerard  C.  Tobey. 
Morris  Schaff. 


J.  H.  Raymond  resigned  in  January,  and  G.  C.  Tobey  of  Ware- 
ham  was  appointed  in  his  place. 

General  Schaff  resigned  in  August,  1893,  and  J.  W.  Hull  of  Pitts- 
field  was  appointed  in  his  place. 

Dr.  Elijah  U.  Jones  of  Taunton  died  in  November,  1893.  He  had 
been  a  member  of  the  Board  since  its  reorganization  in  1886,  and 
had  taken  a  deep  and  continued  interest  in  the  work  of  the  Board 
from  the  beginning  of  his  connection  with  it. 

C.  H.  Porter  of  Quincy  was  appointed  in  February,  1894,  to  fill 
the  place  made  vacant  by  the  death  of  Dr.  Jones. 
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From  these  notices  the  following  statistics  are  compiled  for  the 
nine  years  ending  with  1893  :  — 


Small-pox  in  Massachusetts,  1885-1893. 


YlAXS. 

8KALL-POX.             ■ 

Yacckatkd. 

Unvaccinathd. 

Doubtful  or  Uk- 
knowv. 

Total 
Cases. 

Total 
Deaths. 

Per  1 
Cent.  | 

Cases. 

Deaths. 

Per 
Cent 

Cases. 

Deaths. 

Per 
Cent. 

Cases. 

Deaths. 

Per 
Cent. 

1885,  . 

1886,  . 

1887,  . 
1888, 

1889,         •         • 

1890, 

1891, 

1892, 

1893, 
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11 
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11 

0 
1 
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1 
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13 
8 
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3 
10 

!      27 
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2 
8 
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1 
1 
6 
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12 
1 
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4 
1 
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1 
2 
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2 
1 
1 
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1 
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- 

'    168 

1 

34 

20.2 

V 

3 

4.9 

76 

1 

23 

30.3 

31 

8 

25.8 

Summary. — There  were  in  all  168  reported  cases  in  the  nine 
years  (1885-93),  and  34  deaths,  or  20.2  per  cent,  of  the  whole. 

Of  this  number  61  were  vaccinated,  and  of  these  3  or  only  4.9 
per  cent.  died. 

The  unvaccinated  were  76  in  number,  of  whom  23  or  30.3  per 
cent.  died. 

There  were  also  31  in  whom  the  facts  as  to  vaccination  were 
doubtful  or  not  reported,  and  of  this  number  8  or  25.8  per  cent, 
died. 

By  this  it  appears  that  the  vaccinated  had,  as  compared  with  the 
unvaccinated,  a  six-fold  immunity  from  death  by  small-pox,  which 
corresponds  fairly  with  other  observations  upon  larger  numbers. 
To  this  statement  it  should  be  added  that  in  very  many  of  the  cases 
recorded  as  vaccinated,  and  especially  among  adults,  there  had  been 
but  one  vaccination,  and  often  a  single  scar  only,  and  that  of  an 
imperfect  character. 

The  following  table  contains  the  principal  items  gathered  from 
the  reports  of  cases  of  small-pox  made  to  the  State  Board  of  Health 
under  the  provisions  of  chapter  138  of  the  Acts  of  1883  during  the 
year  1893. 
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5ote*.—  1,2.  Vaccinated  about  aeven  month*  since.  4  and  5.  Vaccinated  nn*acce**fn!lj  vben  a 
efaf  Id ;  ao  farther  attempt  wa*  made.  9.  Vaccinated  t went j-foor  and  eighteen  year*  ago,  and  had  varioloid. 
9.  Contracted  from  Xo.  3.  12.  Vaccinated  cix  year*  *ince.  14.  Vaccinated  twenty-five  years  ago :  one 
•mall  sear.  IS.  Vaccinated  ten  day*  before.  17.  Imperfect  aears.  19.  Vaccinated  in  infancy ;  contracted 
•mall-pox  on  steamer  "Catalonia,**  from  Liverpool.  20.  Vaccinated  in  infancy  and  nine  year*  ago. 
Xo*.  19, 19  and  20  were  contracted  from  Xo.  17.  24.  Vaccinated  in  infancy  and  November  6;  contracted 
from  No.  14.  25.  Vaccinated  In  Infancy  and  Xovember 4.  33.  Vaccinated  in  infancy;  two  imperfect 
34.  Vaccinated  December  9;  too  late  to  take  effect.    39.  Vaccinated  December  7. 


These  forty-four  cases  present  several  points  which  are  worthy  of 
note.  Most  of  the  cases  (43  oat  of  44)  occurred  in  the  cities  and 
large  towns.  Out  of  the  first  sixteen  cases  which  occurred  during 
the  year,  eleven  occurred  in  places  where  paper  mills  using  rags 
exist.     There   has  been  no  serious  epidemic  of  small-pox   in   the 
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State  during  the  past  twenty-five  years  in  which  cases  have  not 
occurred  in  considerable  numbers  in  such  cities  and  towns,  and 
while  only  two  of  the  persons  in  the  foregoing  list  are  reported  as 
being  employed  in  handling  rags,  several  of  the  others  are  known  to 
have  lived  in  the  same  families  or  tenements  with  persons  so 
employed. 

Ten  only  out  of  the  forty-four  are  reported  as  having  been  of 
American  birth. 

Out  of  the  whole  number  25  or  56.8  per  cent,  were  females,  a 
circumstance  which  is  quite  unusual  since  the  majority  of  cases  are 
commonly  men. 

Of  the  whole  number,  8  were  under  five  years  of  age,  6  were 
school-children  or  children  of  school  age,  eight  to  fourteen  years* 
and  of  these,  3  were  unvaccinated. 

Vaccinatum.  —  In  consequence  of  the  unusual  prevalence  of  small- 
pox during  the  past  season  it  seems  proper  to  state  some  of  the 
principles  relating  to  vaccination  as  clearly  as  possible. 

The  experience  of  nearly  a  century  with  vaccination  has  demon- 
strated its  protective  power  beyond  a  reasonable  doubt.  This 
power,  however,  is  not  absolute,  nor  does  it  continue  throughout 
adult  life.  Hence  it  is  desirable  that  revaccination  should  be  per- 
formed at  or  before  the  period  of  puberty. 

The  provisions  of  the  German  law  afford  a  very  good  rule  in  this 
respect.  It  is  therein  required  that  every  child  shall  be  vaccinated 
before  the  September  of  the  year  following  its  birth,  and  that  every 
school-child  shall  be  re-vaccinated  during  its  twelfth  year. 

The  result  of  the  enactment  of  this  law  in  1874  has  been  the  almost 
complete  extinction  of  small-pox  in  Germany  since  that  date.  In 
the  six  largest  cities  of  the  empire  the  mortality  from  small-pox  was 
reduced  from  92  per  100,000  of  the  population  to  1.4  in  the  ten 
years  after  the  enactment  of  the  law. 

The  opposition  to  the  practice  of  vaccination  is  by  no  means 
new.  It  is  coeval  with  the  discovery  of  this  extremely  valuable 
means  of  disease  prevention,  and  the  past  century  has  developed 
nothing  new  on  the  part  of  its  opponents,  while  vaccination  itself 
has  received  the  strongest  support  in  the  brilliant  researches  of 
Pasteur  and  others  in  the  direction  of  protective  inoculation  for 
other  diseases. 

The  first  secretary  of  the  State  Board  of  Health,  Dr.  Derby,  said 
of  vaccination :  — 


xii  STATE  BOARD  OF  HEALTH.  [Jan. 

We  may  turn  the  question  with  ingenious  skill,  so  that  its  many  facets 
shall  reflect  a  multitude  of  curious  lights,  and  after  all  we  find  that  we  rest 
in  a  security  against  this  most  horrid  pestilence  unknown  to  former  gener- 
ations. 

The  operation  of  vaccination  should  always  be  conducted  with  the 
greatest  care.  The  following  rules  (modified  from  those  of  the 
Local  Government  Board  of  England)  may  be  observed  with  advan- 
tage :  — 

1.  In  the  vaccination  of  infants  ascertain  that  there  is  not  any  febrile 
condition,  or  irritation  of  the  bowels,  or  an  unhealthy  state  of  the  skin ; 
especially  any  chafing  or  eczema  behind  the  ears  or  in  the  groin,  or  else- 
where in  the  folds  of  the  skin.  Where  there  has  been  recent  exposure  to 
the  infection  of  measles  or  scarlet-fever,  and  where  erysipelas  prevails  in 
the  place  of  residence,  vaccination  should  be  delayed  for  a  month,  or  until 
danger  of  other  infection  has  passed. 

2.  In  all  ordinary  cases  of  primary  vaccination,  make  at  least  two  in- 
sertions of  lymph  not  less  than  a  half  inch  apart.  It  is  desirable  that  the 
total  area  of  vesiculation  on  the  same  day  of  the  week  following  the  vacci- 
nation should  amount  to  not  less  than  a  half  of  a  square  inch. 

3.  Direct  that  care  be  taken  for  keeping  the  vesicles  uninjured  during 
their  progress,  and  for  avoiding  the  premature  removal  of  the  crusts.  Do 
not  use  any  needless  means  of  "  protection"  or  of  "dressing"  to  a  vac- 
cinated arm ;  but,  if  in  a  particular  case,  you  find  reason  for  means  of 
"  protection"  or  of  "  dressing,"  define  the  material  and  the  manner  of  use 
of  the  appliances  best  adapted  to  the  case,  avoiding  all  such  as  cannot  be 
readily  destroyed  and  replaced  whenever  they  become  soiled. 

4.  Keep  a  careful  record  of  vaccinations,  in  which  may  be  placed  the  fol- 
lowing items :  date  of  vaccination,  name,  age  and  sex  of  child,  character 
and  source  of  lymph  used,  number  of  insertions,  result  of  inspection  at 
end  of  a  week,  remarks,  abnormal  appearances,  etc. 

Record  as  "  successful "  only  those  cases  in  which  a  normal  vesicle  has 
been  produced.  In  cases  of  revaccination  record  as  successful  only  those 
cases  in  which  either  vesicles,  normal  or  modified,  or  papules  surrounded 
by  areolae,  have  resulted. 

5.  Use  bovine  lymph  preferably.  In  times  of  epidemics  of  small-pox, 
*nd  especially  in  cases  where  persons  about  to  be  vaccinated  have  been 
recently  exposed  to  small-pox,  the  age  of  the  lymph  (time  since  it  was 
taken  from  the  animal)  should  be  definitely  ascertained,  and  in  such  cases 
recent  lymph  should  always  be  employed  in  preference  to  that  which  is 
more  than  ten  days  old.  If  bovine  lymph  cannot  be  obtained  and  the 
lymph  from  a  healthy  infant  taken  on  the  seventh  day  after  vaccination 
can  be  had,  this  may  be  used.     Humanized  lymph  should  never  be  taken 
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from  cases  of  revaccination,  but  invariably  from  a  primary  case  and  from 
an  infant  in  good  health  and  of  healthy  parentage. 

6.  Keep  in  good  condition  the  lancets  or  other  instruments  employed 
for  vaccination  and  use  them  for  no  other  purpose. 

When  vaccinating,  have  a  clean  napkin  and  a  glass  of  water  containing  a 
disinfectant  at  your  side,  with  which  invariably  cleanse  the  lancet  after 
each  operation  before  proceeding  to  another.  Dipping  the  lancet  in  strong 
alcohol  and  immediately  passing  it  through  the  'flame  of  a  lamp  undoubtedly 
serves  to  sterilize  it. 

Never  use  an  ivory  point  a  second  time  either  for  the  conveyance  or  for 
the  storage  of  lymph,  but  when  they  have  been  put  to  their  proper  use, 
break  or  otherwise  destroy  them. 

"The  best  results,  on  the  whole,  are  those  which  follow  the  plan  of 
scarification  or  abrasion."  —  Seaton. 

The  greatest  care  should  be  taken  in  performing  the  operation  to  secure 
aseptic  conditions,  in  other  words,  absolute  cleanliness.  For  this  purpose 
the  place  of  insertion,  preferably  the  outer  and  anterior  part  of  the  arm 
from  three  to  five  inches  below  the  bend  of  the  shoulder,  should  be  washed 
with  soap  and  water  and  then  wiped  dry. 

Scarify  or  lightly  abrade  the  surface  in  at  least  two  places  about  an  inch 
apart,  until  the  scarified  spots  appear  slightly  red  and  moist,  but  not  enough 
to  draw  blood  freely. 

Moisten  the  ivory  slips  slightly  at  the  points  with  pure  water,  and  wipe 
off  the  lymph  upon  the  scarified  places,  using  at  least  two  points  for  each 
person  vaccinated. 

Never  use  one  point  for  two  persons. 

The  after  treatment:  If  any  blood  remains  at  the  points  of  insertion  it 
should  be  allowed  to  dry,  and  should  not  be  washed  off  until  the  third 
morning  after  vaccination,  when  it  may  be  removed  by  washing  gently  with 
a  little  pure  warm  water  and  a  clean  flannel  or  linen  cloth.  After  this,  a 
clean  piece  of  soft  linen  may  be  sewed  around  the  arm  to  prevent  the  sleeve 
from  chafing  the  vesicles.     This  should  be  changed  daily. 

7.  The  vaccinator  should  in  all  cases  require  that  each  vaccinated  person 
should  appear  at  the  end  of  a  week  for  inspection,  and  especially  in  each 
case  of  primary  vaccination,  if  the  operation  proves  ineffectual,  the  vacci- 
nation should  be  repeated  with  fresh  lymph. 

Cases  of  Doubtful  Diagnosis.  — In  all  of  the  comparatively  slight 
epidemics  of  small-pox  which  have  occurred  in  recent  years  there  has 
been  a  considerable  number  of  cases  in  which  the  diagnosis,  especi- 
ally in  the  early  stage  of  the  disease,  was  more  or  less  involved  in 
doubt,  and  this  was  particularly  true  of  those  cases  which  occurred 
in  the  practice  of  young  physicians  who  have  entered  upon  practice 
since  the  epidemic  of  1872-73. 
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Cases  of  measles,  of  chicken-pox,  as  well  as  some  of  the  ordinary 
forms  of  skin  diseases,  have  been  mistaken  for  small-pox,  while 
cases  of  genuine  variola  have  been  reported  as  chicken-pox,  measles, 
etc.  This  fact  is  not  to  be  wondered  at  when  it  is  known  that  small- 
pox has  been  of  such  rare  occurrence  during  the  twenty  years  inter- 
vening between  1873  and  1893  that  probably  not  one  physician  in 
a  hundred  in  the  State  has  met  with  a  single  case  during  that 
time. 

In  consequence  of  this  fact  it  is  desirable  that  any  doubtful  cases 
occurring  in  the  practice  of  physicians  who  are  not  familiar  with  the 
natural  history  of  the  disease  should  be  examined  in  consultation 
with  a  physician  who  has  had  experience  in  such  cases.  Much 
doubt  and  much  annoyance  to  communities  where  such  cases  may 
occur  mav  thus  be  avoided,  and  in  some  instances  serious  outbreaks 
may  be  prevented. 

Other  Infectious  Diseases. 

From  such  reports  as  have  been  received  from  local  boards  of 
health  during  1803  it  appears  that  the  prevalence  of  diphtheria  and 
typhoid  fever  has  differed  but  little  in  severity  from  that  of  the  pre- 
vious year.  The  number  of  reported  cases  and  deaths  from  each  of 
these  causes  was  but  little  greater  for  each  disease. 

From  scarlet  fever  the  reported  cases  and  deaths  were  much 
larger  in  number  than  those  of  either  1801  or  1892. 

From  measles  the  cases  and  deaths  were  greater  than  those  of 
1891  and  verv  lanrclv  in  excess  of  those  of  1892. 

The  statistics  giving  the  number  of  reported  cases  and  of  reported 
deaths,  together  with  the  ratios  of  fatality,  may  be  found  at  page 
741,  under  the  head  of  Health  of  Towns. 

Many  requests  were  received  during  the  year  for  advice  in  regard 
to  the  management  and  control  of  infectious  diseases,  and  visits 
were  made  to  Provincetown,  Xewhuryport,  Ludlow,  Soraerville, 
Dalton,  Hanover,  Douglas,  Falmouth,  Rowley,  Topsfield  and  other 
places  for  the  purpose  of  investigating  local  outbreaks  of  typhoid 
fever,  scarlet  fever  and  diphtheria,  and  for  affording  such  assistance 
to  local  boards  of  health  as  it  was  in  the  power  of  the  State  Board 
to  give. 
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Notification  of  Infectious  Diseases. 

Among  the  different  measures  employed  by  sanitary  authorities 
for  the  prevention  of  the  spread  of  infectious  diseases,  the  notifica- 
tion of  the  occurrence  of  such  diseases  now  occupies  a  prominent 
place.  Municipal  authorities  especially  should  have  the  requisite 
power  everywhere  to  require  immediate  notice  to  be  given  them  of 
every  fresh  outbreak  of  diseases  dangerous  to  the  public  health  in 
order  that  such  authorities  may  take  proper  measures  for  the  protec- 
tion of  the  community. 

The  chief  advantages  of  a  system  of  notification  lie  in  the  pos- 
sibility which  is  thus  given  to  a  local  board  of  health  to  determine 
the  extent  of  prevalence  of  an  epidemic  or  a  localized  outbreak,  and 
to  inquire  into  the  local  causes  which  have  operated  to  produce  it. 
The  board  can  then  act  intelligently  in  applying  the  proper  remedies 
for  preventing  its  further  spread. 

Laws  enacted  with  this  object  in  view  have  been  in  force  in  the 
older  States  for  many  years,  but  not  until  within  the  past  ten  or 
twenty  years  have  pains  been  taken  to  execute  such  statutes  with 
such  degree  of  efficiency  as  to  make  them  really  protective.  The 
law  requiring  the  householder  to  report  each  case  of  dangerous 
disease  to  the  local  authority  was  enacted  in  Massachusetts  in  1792, 
and  that  which  requires  the  same  duty  on  the  part  of  the  attending 
physician  was  enacted  in  1827. 

There  can  be  no  doubt  that  the  law  relative  to  notification  has 
been  productive  of  excellent  results  in  the  prevention  of  disease, 
especially  in  the  cities  and  large  towns.  It  has  furnished  the  local 
boards  of  health  with  the  necessary  information  relative  to  the  origin 
of  outbreaks  of  infectious  disease,  and  in  many  instances  enabled 
them  to  take  timely  steps  for  preventing  its  further  spread.  The 
law  of  1884  requiring  local  boards  to  keep  records  upon  this  im- 
portant matter  has  furnished  information  as  to  the  prevalence  of 
certain  diseases  in  the  principal  cities  and  towns  of  the  State,  and 
has  enabled  school  authorities  to  guard  against  the  introduction  and 
spread  of  contagious  diseases  in  the  public  schools  by  means  of  the 
provision  which  requires  the  local  board  of  health  to  notify  the 
school  committee  of  the  occurrence  of  all  cases  of  such  contagious 
disease.  In  the  smaller  towns  it  is  probable  that  instances  of  failure 
to  comply  with  the  provisions  of  the  statute  are  much  more  frequent 
than  they  are  in  cities. 
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The  statutes  referred  to  in  the  foregoing  comments  are  as  fol- 
lows :  — 

[Public  Statutes,  Chapter  80,  Section  78;  Acts  of  1884,  Chapter  08,  and  Acts  of  1801, 

Chapter  188.] 

(1.)  When  a  householder  knows  that  a  person  within  his  family  is  sick 
of  small-pox,  diphtheria,  scarlet  fever  or  any  other  disease  dangerous  to 
the  public  health,  he  shall  immediately  give  notice  thereof  to  the  selectmen 
or  board  of  health  of  the  town  in  which  he  dwells,  and  upon  the  death, 
recovery  or  removal  of  such  person,  the  rooms  occupied  and  the  articles 
used  by  him  shall  be  disinfected  by  such  householder  in  a  manner  approved 
by  the  board  of  health.  Any  person  neglecting  or  refusing  to  comply  with 
either  of  the  above  provisions  shall  forfeit  a  sum  not  exceeding  one  hundred 
dollars. 

(2.)  When  a  physician  knows  that  a  person  whom  he  is  called  to  visit  is 
infected  with  small-pox,  diphtheria,  scarlet  fever  or  any  other  disease 
dangerous  to  public  health,  he  shall  immediately  give  notice  thereof  in 
writing,  over  his  own  signature,  to  the  selectmen  or  board  of  health  of  the 
town ;  and  if  he  refuses  or  neglects  to  give  such  notice  he  shall  forfeit  for 
each  offence  not  less  than  fifty  nor  more  than  two  hundred  dollars. 

(3.)  The  boards  of  health  in  the  several  cities  and  towns  shall  cause  a 
record  to  be  kept  of  all  reports  received  in  pursuance  of  the  preceding  sec- 
tions, and  such  record  shall  contain  the1  names  of  all  persons  who  are  sick, 
the  localities  in  which  they  live,  the  diseases  with  which  they  are  affected, 
together  with  the  date  and  the  names  of  the  persons  reporting  any  such 
cases.  The  boards  of  health  shall  give  the  school  committee  immediate 
information  of  all  cases  of  contagious  diseases  reported  to  them  according 
to  the  provisions  of  this  act. 

(4.)  The  secretary  of  the  Commonwealth  shall  furnish  the  boards  of 
health  with  blank  books  for  the  record  of  cases  of  contagious  diseases  as 
above  provided. 

As  an  additional  measure  in  the  same  direction  the  Legislature  of 
1893  enacted  the  following  law,  requiring  that  contagious  diseases 
reported  to  the  local  boards  of  health  shall,  in  turn,  be  reported  by 
them  to  the  State  Board  of  Health  :  — 

[Chapter  302  of  the  Acts  of  1893.] 

(1.)  When  the  board  of  health  of  any  city  or  town  has  had  notice  of 
the  occurrence  of  a  case  of  small-pox  or  any  other  disease  dangerous  to 
the  public  health  in  such  city  or  town,  such  board  of  health  shall,  within 
twenty- four  hours  after  the  receipt  of  such  notice,  notify  the  State  Board 
of  Health  of  the  same. 

(2.)  If  the  board  of  health  of  the  city  or  town,  in  which  a  case  of  small- 
pox or  any  other  disease  dangerous  to  the  public  health  has  occurred, 
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refuses  or  neglects  to  send  a  notice  as  required  in  section  one,  such  city  or 
town  shall  forfeit  its  claim  upon  the  Commonwealth  for  the  payment  of  any 
expenses  which  may  be  incurred  as  provided  in  section  eighty- three  of 
chapter  eighty  of  the  Public  Statutes. 

This  recent  law  went  into  effect  in  June,  1893,  but  very  few  returns 
in  compliance  with  its  provisions  were  received  by  the  State  Board 
of  Health  until  after  public  notice  had  been  given  by  the  Board  by 
means  of  a  circular  which  was  distributed  to  every  Board  of  Health 
throughout  the  State. 

As  the  "  diseases  dangerous  to  the  public  health"  were  not  speci- 
fied in  the  foregoing  act,  with  the  exception  of  small-pox,  the  Board 
deemed  it  desirable  for  the  sake  of  securing  uniform  action  on  the 
part  of  local  boards,  that  some  definite  expression  of  opinion  should 
be  made  as  to  the  meaning  of  the  term  "  other  diseases  dangerous  to 
the  public  health." 

Hence,  in  the  circular  named  above,  the  Board  suggested  that,  in 
addition  to  small-pox,  the  following  diseases  shall  be  considered  as 
dangerous  to  the  public  health  within  the  meaning  of  the  foregoing 
act :  scarlet  fever,  measles,  typhoid  fever,  diphtheria,  membranous 
croup,  cholera,  yellow  fever,  typhus  fever,  cerebrospinal  meningitis, 
hydrophobia,  malignant  pustule,  leprosy  and  trichinosis. 

A  supply  of  postal  blanks  was  forwarded  with  the  circular  for  the 
purpose  of  enabling  local  boards  of  health  to  comply  with  the  terms 
of  the  act. 

Various  attempts  have  been  made  in  England  to  enact  a  similar 
statute,  but  these  efforts  were  unsuccessful  until  1889.  By  the 
terms  of  the  law  then  enacted  the  notification  of  infectious  diseases 
to  the  sanitary  authority  was  made  compulsory  throughout  London, 
while  the  principle  of  local  option  was  applied  to  all  other  districts. 

During  the  year  in  which  this  bill  was  under  consideration  by 
Parliament,  intense  opposition  had  been  manifested  by  many  of  the 
members  of  the  medical  profession  throughout  England.  Objections 
were  offered  not  only  by  the  people,  but  also  by  the  medical  profes- 
sion, but  the  bill  passed  and  finally  became  a  law. 

The  fallacy  of  the  objections  has  been  abundantly  proven  by  the 
three  years'  experience  of  the  towns  of  England  where  the  Notifica- 
tion Act  has  been  adopted.  The  notification  of  each  case  is  made  by 
a  certificate  furnished  by  the  attending  physician,  for  which  a  fee  of 
two  shillings  and  sixpence  is  paid,  except  in  a  case  where  the  person 
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giving  the  certificate  is  the  medical  officer  of  a  public  institution, 
when  the  fee  is  one  shilling. 

The  diseases  to  which  this  act  applies  are  small-pox,  cholera,  diph- 
theria, membranous  croup,  erysipelas,  scarlet-fever,  typhus,  typhoid 
and  puerperal  fevers,  and  any  other  infectious  disease  which  may  be 
added  to  this  list  by  the  sanitary  authority  of  a  district. 

Up  to  the  year  1892,  the  act  had  been  adopted  in  1,051  districts, 
having  an  aggregate  population  of  nearly  sixteen  millions,  to  which 
should  be  added  the  population  of  London  and  fifty  towns  in  which 
local  acts  made  it  compulsory,  making  in  all  a  population  of  24,- 
012,399  over  which  the  act  was  in  force,  out  of  a  total  of  29,001,018. 
In  a  few  towns  the  sanitary  authorities  had  availed  themselves  of  the 
power  to  require  notification  in  the  case  of  measles,  rotheln,  chicken- 
pox  and  hydrophobia. 

Further  information  as  to  the  details  of  the  operation  of  the  statute 
of  1893  may  be  found  upon  page  639. 

Offensive  Trades. 

Under  the  provisions  of  the  acts  relating  to  noxious  and  offensive 
trades  the  State  Board  of  Health  is  authorized  to  hear  parties  making 
complaints,  and  when  "in  the  judgment  of  the  Board  the  public 
health  or  the  public  comfort  and  convenience  require,  the  Board 
may  order  any  person  to  desist  and  cease  from  further  carrying  on 
said  trades  or  occupations."  No  applications  under  this  act  were 
received  during  the  year,  but  visits  and  inspections  were  made  at 
the  request  of  local  boards  of  health  in  two  instances,  where  render- 
ing works  were  being  conducted. 

The  Board's  Exhibit  at  the  Columbian  Exposition  (1893). 

The  subject  of  public  hygiene  was  represented  at  the  Columbian 
Exposition  at  Chicago  by  exhibitions  of  the  work  of  State  and  local 
boards  of  health.  The  exhibits  of  this  important  department  of 
public  work  were  installed  in  the  Anthropological  Building,  in  the 
south  part  of  Jackson  Park.  Of  these  exhibits  none  created  greater 
or  more  favorable  comment  than  that  of  the  State  Board  of  Health 
of  Massachusetts. 

It  is  proper  that  some  account  of  the  exhibition  should  be  made  a 
matter  of  public  record  in  this  report  of  work  for  the  year  1893. 

A  communication  was  received  Sept.  24,  1892,  from  the  superin- 
tendent of  the  Bureau  of  Hygiene  and  Sanitation  of  the  Department 
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of  Liberal  Arts  of  the  Columbian  Exposition,  calling  the  attention 
of  the  Board  to  the  opportunity  that  would  be  given  at  the  Fair  for 
placing  before  the  public  the  work  of  State  boards  of  health  in  the 
prevention  of  infectious  diseases,  and  at  the  same  time  asking  whether 
the  Board  desired  to  be  represented  at  the  Exposition. 

At  a  later  date  (Dec.  28,  1892)  further  information  was  received 
upon  the  subject,  together  with  a  blank  form  of  application  for 
allotment  of  space  in  which  to  install  the  exhibit  of  the  Board. 

At  the  next  meeting  of  the  Board  (January,  1893)  it  was  voted 
to  ask  for  1,200  square  feet  of  space  for  the  Board's  exhibit. 

The  Board  was  informed  that,  in  consequence  of  the  fact  that  only 
10,000  feet  could  be  devoted  to  the  whole  subject  of  hygiene  and 
sanitation  in  the  United  States,  it  would  be  impossible  to  afford  an 
eighth  of  it  to  the  State  of  Massachusetts.  It  was  therefore  finally 
decided  to  grant  the  Board  500  feet  of  space  for  its  purpose.  To 
this  space  were  ultimately  added  120  square  feet. 

An  appropriation  had  already  been  provided  by  the  Legislature 
to  defray  the  expenses  of  such  representations  as  might  be  made  at 
the  Exposition  by  different  departments  of  the  State  government, 
and  the  sum  of  $4,000  was  set  aside  for  the  exhibit  of  the  State 
Board  of  Health.  The  Board  then  directed  that  an  exhibit  should 
be  prepared  representing  the  progress  of  public  hygiene  in  the 
State. 

The  exhibit  consisted  of  the  following  items  :  — 

General  Sanitary  Work  of  the  Board. 

Complete  set  of  reports  of  State  Board  of  Health  from  1869  to  1891. 
Special  reports  of  the  Board,  circulars  upon  infectious  diseases  and  other 

health  topics,  sets  of  blank  forms  and  manual  of  health  laws. 
Reports  of  city  boards  of  health  of  Massachusetts  for  the  year  1892. 

Charts  and  Diagrams  illustrating  the  Following  Subjects. 

The  death-rate  of  Massachusetts  for  a  series  of  years. 

Effect  of  density  of  population  on  the  general  death  rate. 

Effect  of  density  of  population  on  the  death  rate  from  each  of  the  follow- 
ing diseases  (for  twenty  years,  1871-90)  :  Measles,  scarlet  fever, 
diphtheria,  small-pox,  typhoid  fever,  cholera  infantum,  consumption 
and  pneumonia. 

Improvement  in  registration. 

Decline  in  death  rates  from  certain  causes. 

Seasonal  mortality  in  Massachusetts. 
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Geographical  Distribution  of  Eight  Diseases. 

Eight  maps  showing  the  comparative  mortality  from  measles,  scarlet  fever,.  ■ 
diphtheria,  small-pox,  typhoid  fever,  cholera  infantum,  phthisis  and 
pneumonia. 

Diagrams  and  maps  illustrating  epidemics  of  typhoid  fever  in  Springfield 
and  Lowell. 

Engineering  Department  (  Water  Supply  and  Sewerage) . 

Model  of  Lawrence  Experiment  Station,  carefully  constructed  of  wood  and« 

iron  painted,  and  in  a  scale  of  one-half  inch  to  the  foot. 
Sand  sieve. 
Steam  sterilizer. 
Thermostat. 
Galvanized-iron  filter. 
Complete  battery  of  stills. 
Sections  of  sand  filters,  in  glass  tubes. 
Apparatus  for  determining  the  color  of  waters. 
Bacteria  stand,  with  tubes. 
Sets  of  double  dishes. 

Large  map  of  Massachusetts  showing  the   normal  chlorine  of  different- 
regions. 
Small  map  of  Massachusetts  showing  the   normal  chlorine  of   different* 

regions. 
Water-shed  map  of  Massachusetts. 
Lower  basin  of  Merrimack  River  (blue  print) . 
Temperature  chart. 

Chart  showing  advice  to  cities  and  towns,  water  supplies. 
Chart  showing  advice  to  cities  and  towns,  sewage  disposal. 
Chart  showing  average  of  water  analyses. 
Map  of  North  Metropolitan  Sewerage  System. 
Map  of  Lawrence  city  filter. 
Photographs  of  Framingham  sewage  beds. 

Pumping  station. 

Applying  sewage.     (2  photographs.) 

Cornfield  treated  with  sewage. 
Photographs  of  Marlborough  sewage  beds. 

Gate-house. 

Underdraws. 

Filter-bed. 

Filter-beds  after  harrowing. 
Boom  36,  Massachusetts  Institute  of  Technology  (Laboratory  of  State- 
Board  of  Health).     (2  photographs.) 
Lawrence  Experiment  Station.     (3  photographs.) 
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Photographs  of  bacteria  cultures. 
•City  water  of  Lawrence  and  Tank  8. 

Tanks  1,  2,  6  and  13. 
Forty  one-gallon  bottles,  containing :  — 

Samples  of  sewage  applied  to  each  of  the  filters  at  Lawrence,  Framing- 
ham,  etc. 
Samples  of  effluents  from  sewage-filters  at  Lawrence,  Framingham,  etc. 
Samples  of  sewage  containing  dyes  (with  water  before  and  after  filtration) . 
Samples  of  Merrimack  River  water  before  and  after  filtration. 
Samples  of  surface  and  ground  waters  from  rivers,  ponds,  reservoirs, 
wells,  springs,  etc.  (pure  and  polluted). 
Series  of  eight-ounce  bottles  containing  samples  of  filtering  materials,  sand, 
gravel,  etc. 

Department  of  Food  and  Drug  Inspection. 

Charts  showing  ratio  of  adulteration  of  milk  in  Massachusetts. 

Charts  showing  ratio  of  adulteration  of  other  kinds  of  food. 

Charts  showing  ratio  of  adulteration  of  spices. 

Chart  showing  decrease  in  ratio  of  hogs  infected  with  trichinae  under  im- 
proved modes  of  feeding. 

Chart  showing  ratio  of  expenditure  for  food,  clothing,  rent,  fuel,  etc.,  in 
different  countries. 

Micro-photographs  of  pure  articles  of  food:  coffee,  pepper,  mustard, 
cloves,  ginger,  etc. 

Micro-photographs  of  the  same  when  adulterated. 

Samples  of  pure  foods,  in  glass  bottles. 

Samples  of  adulterants  used  in  the  foregoing,  as  sold  commercially  for  the 
purpose  of  adulteration. 

Models  of  trichinae,  free  (male  and  female)  and  encysted. 

Information  was  received  that  the  Anthropological  Building  would 
be  ready  for  the  reception  of  exhibits  by  the  12th  of  April. 

The  material  was  collected  at  the  building  of  the  Mechanics' 
Charitable  Association  in  Boston,  and  was  boxed,  ready  for  ship- 
ment, in  fifty-four  packages,  and  left  Boston  on  April  10.  It 
arrived  at  the  Fair  grounds  in  good  condition  on  April  12,  but  the 
building  was  then  in  no  condition  to  receive  it,  and  it  was  therefore 
stored  near  by  until  the  building  could  be  completed.  The  roof 
was  not  put  on  till  April  29. 

Prof.  W.  T.  Sedgwick  was  given  charge  of  installing  the  exhibit, 

and  went  to  Chicago  for  that  purpose.     He  obtained  the  services  of 

attendants,  so  that  some  one  was  in  charge  of  the  exhibit  from  the 

outset  to  the  close  of  the  Exposition,  a  fact  which  contributed  very 

largely  to  its  success. 
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In  commenting  upon  this  exhibit,  Mr.  E.  C.  Hovey,  secretary 
and  executive  officer  of  the  Massachusetts  commission  at  the  Fair, 
says :  — 

Two  exhibits  alone  were  well-nigh  worth  the  entire  sum  expended  by 
the  Commonwealth  on  her  contributions  to  these  important  departments. 
The  exhibits  of  the  Massachusetts  State  Board  of  Health  and  the  Rumford 
Kitchen  were  sui  generis,  and  told  to  the  world  in  a  most  striking  manner 
their  story  of  patient  investigation  and  continued  research.  Through  the 
auspices  of  the  State  Board  of  Health  there  was  installed  an  exhibit  which, 
in  a  most  complete  and  graphic  manner,  laid  before  the  visitor  the  work 
which  has  been  accomplished  in  the  State  in  dealing  with  the  problems  of 
health  as  dependent  upon  sanitation.  Here  also  was  to  be  seen  a  model 
of  the  Experiment  Station  in  Lawrence,  which  it  may  be  truly  said  has  not 
its  equal  in  the  country.  The  important  investigations  made  by  the  Board 
of  Health,  looking  to  the  prevention  of  the  adulteration  of  food,  were 
effectively  shown,  and  the  walls  were  covered  with  charts  and  statistics 
which  served  to  demonstrate  the  nature  of  the  researches  made  by  the 
Board,  researches  which  have  had,  and  will  continue  to  have,  marked  in- 
fluence on  the  health  of  the  citizens  of  the  Commonwealth.* 

Many  thousands  of  visitors  viewed  the  exhibit  of  the  Board  dur- 
ing the  continuance  of  the  Fair,  and  especially  during  the  week  of 
the  congress  of  public  hygiene.  The  Board  published  a  large 
edition  of  a  guide  or  prospectus  of  the  exhibit,  which  was  distrib- 
uted free  to  all  visitors.  The  exhibit  also  received  very  favorable 
comment  in  the  various  medical  and  sanitary  periodicals,  not  only 
in  the  United  States  but  also  in  foreign  countries. 

The  following  notice  of  award  has  been  received  by  the  Board :  — 

UNITED  STATES. 

DEPARTMENT   OF   LIBERAL   ARTS. 

Exhibitor.  —  State  Board  of  Health.      Group  147.  —  Class  833. 

Address.  —  Boston,  Mass.  Exhibit.  —  Maps,  Charts  and  Models. 

Award. 

For  exhaustive  examinations  and  reports  upon  the  public  water  supplies 
of  the  State  ;  the  relation  of  water  supply  to  the  public  health,  resulting  in 
a  definite  knowledge  as  to  the  ways  in  which  certain  diseases  are  dissemi- 
nated ;  and  the  best  methods  of  protecting  the  purity  of  waters  used  for 

*  New  England  Magazine,  February,  1894.    Article  by  Commlaaioner  E.  C.  Hovey. 
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tuberculous  patient  should  be  disinfected  and  especially  the  floor  and 
lower  parts  of  the  walls.  For  this  purpose  washing  the  floor  and  all  wood- 
work with  a  corrosive  sublimate  solution,  one  part  to  one  thousand  (about 
one  teaspoonful  to  a  gallon  of  water)  should  be  practised,  and  the  bed  and 
clothing  of  the  last  occupant  should  be  submitted  to  steam  disinfection  or 
to  boiling  water.  Strong  soapsuds  also  have  efficient  disinfecting  power, 
and  may  be  used  for  washing  floors  and  woodwork.  The  disinfection 
should  be  thoroughly  done,  but  especially  so  in  cases  where  the  habits  of 
the  consumptive  in  regard  to  disposal  of  his  sputa  have  been  careless.' 

As  a  means  of  spreading  information  upon  this  important  subject,  local 
boards  of  health  can  undoubtedly  accomplish  much  toward  the  prevention 
of  consumption,  by  issuing  a  circular  like  the  following :  — 

The  Prevention  of  Consumption. 

Consumption  is  the  most  destructive  disease  of  New  England,  the  number  of 
persons  dying  annually  from  this  cause  in  Massachusetts  amounting  to  nearly 
six  thousand. 

The  disease  is  infectious,  and  can  be  communicated  from  one  person  to  another. 
The  chief  danger  exists  in  the  expectoration  of  the  sick,  and  if  this  expectoration 
is  carefully  destroyed  little  danger  need  be  feared. 

Consumptives  should  be  instructed  not  to  spit  upon  the  floors  of  rooms,  public 
halls,  street  and  railway  cars,  and  other  vehicles,  nor  in  the  streets,  but  into  pieces 
of  cloth,  or  receptacles  made  for  the  purpose,  containing  water,  or  a  saturated 
solution  of  carbolic  acid  (one  part  of  carbolic  acid  crystals  to  about  fifteen  parts  of 
water) .  Such  bits  of  cloth  should  be  destroyed  by  fire,  before  the  sputa  become 
dry,  and  other  receptacles  should  be  cleansed  with  scalding  water,  their  contents 
having  been  destroyed  or  otherwise  carefully  disposed  of.  Handkerchiefs  which 
may  have  been  used  from  necessity  should  be  boiled  half  an  hour  before  washing. 

A  healthy  person  should  not  sleep  in  the  same  room  with  a  consumptive. 

Remember  that  sputa  must  never  be  allowed  to  become  dry. 

Office  of  the  State  Board  of  Health,  Boston. 

January,  1805. 

Local  Boards  of  Health. 

Nearly  fifty  years  ago  (1850)  the  sanitary  commission  of  Massa- 
chusetts advised  the  obligatory  appointment  of  boards  of  health  in 
every  city  and  town  in  the  State,  and  after  the  establishment  of  the 
State  Board  of  Health  in  1869  this  Board  frequently  called  attention 
to  the  need  of  legislation  having  this  end  in  view.  But  not  until 
1877  was  legislation  enacted  requiring  such  boards  to  be  appointed 
as  a  compulsory  measure,  and  even  then  the  requirement  applied  to 
cities  only.  The  Board  has  from  time  to  time  urged  the  necessity 
of  further  legislation  requiring  similar  action  on  the  part  of  towns, 
and  especially  in  the  case  of  those  having  large  populations. 
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the  Public  Statutes  (edition  of  1882)  but  also  of  each  of  the  Blue 
Books  containing  the  acts  and  resolves  of  each  successive  year  since 
1882.  Copies  of  the  Manual  have  been  furnished  to  each  of  the 
local  boards  of  health  throughout  the  State,  to  the  public  health 
committee  of  the  Legislature,  and  to  other  persons  interested  in 
public  hygiene.  The  book  contains  about  200  pages,  with  a  very 
full  index.  It  has  the  laws  relating  to  the  public  health,  including 
those  which  pertain  to  the  inspection  of  food  and  drugs,  the  regis- 
tration of  vital  statistics  and  the  medical  examiners'  laws. 

Cremation. 

Under  the  provisions  of  chapter  265  of  the  Acts  of  1885  the 
Legislature  authorized  the  formation  of  corporations  for  the  purpose 
of  incinerating  the  bodies  of  the  dead. 

By  the  terms  of  this  act  it  was  provided  that  — 

Every  such  corporation  may  acquire  by  gift,  devise  or  purchase,  and 
hold  in  fee  simple  so  much  real  estate  not  exceeding  in  value  fifty  thousand 
dollars  as  may  be  necessary  for  carrying  out  the  objects  connected  with  and 
appropriate  to  the  purposes  of  said  corporation,  and  situated  in  such  place 
as  the  state  board  of  health  may  determine  to  be  suitable  for  said  objects 
and  purposes.  No  building  shall  be  erected,  occupied  or  used  by  such 
corporation  until  the  location  and  plans  thereof,  with  all  details  of  con- 
struction, have  been  submitted  to  and  approved  by  said  board  or  some  per- 
son designated  by  it  to  examine  them. 

Every  such  corporation  may  make  by-laws  and  regulations  consistent 
with  law  and  subject  to  the  approval  of  said  state  board,  for  the  reception 
and  cremation  of  bodies  of  deceased  persons,  and  for  the  disposition  of  the 
ashes  remaining  therefrom. 

Further  provision  was  made  in  the  same  act  to  prevent  the  con- 
cealment of  crime  in  the  case  of  cremated  bodies. 

Acting  under  the  provisions  of  this  act  the  Massachusetts  Crema- 
tion Society  applied  to  the  Board  April  3,  18i»3,  requesting  its 
approval  of  a  location  for  a  crematory  in  the  city  of  Boston,  the 
location  being  a  tract  of  nearly  two  acres  on  the  north-west  side  of 
Walk  Hill  Street,  near  the  Forest  Hills  Cemetery. 

The  Board,  after  viewing  the  premises,  approved  the  location. 
Subsequently,  the  plans  and  method  of  cremation  were  submitted 
to  the  Board,  and  after  examination  by  a  competent  engineer  these 
also  were  approved,  together  with  certain  regulations  adopted  by 
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topics  relative  to  the  work  of  municipal  boards  have  been  presented 
for  discussion.  Committees  have  been  appointed  to  confer  with 
legislative  health  committees  with  reference  to  matters  of  importance 
which  appear  to  require  further  legislation. 

The  association  publishes  a  quarterly  journal  in  which  its  transac- 
tions appear. 

Offensive  Trades. 

No  complaints  were  made  to  the  Board  during  the  year  under  the 
provisions  of  the  acts  relating  to  offensive  trades,  and  consequently 
no  hearings  were  held.  The  board  of  health  of  Newburyport  re- 
quested the  advice  of  the  State  Board  in  regard  to  a  rendering  estab- 
lishment in  that  city,  situated  at  some  distance  from  the  populous 
part  of  the  city.  The  secretary  conferred  with  the  secretary  of  the 
local  board,  and  on  visiting  the  establishment  in  question  found  it  in 
an  extremely  filthy  condition,  both  internally  and  externally,  some 
thirty  or  forty  carcases  of  horses  in  different  stages  of  decomposition 
lying  un buried  upon  the  surface  of  the  ground,  while  many  others, 
insufficiently  buried,  had  been  uncovered  by  dogs. 

Information  was  received  that  the  premises  were  subsequently  put 
in  good  condition  and  that  no  further  complaints  had  been  made  in 
relation  to  the  same. 

Local  Nuisances. 

A  very  considerable  part  of  the  correspondence  received  by  the 
Board  consists  of  letters  from  individuals,  or  of  petitions  signed  by 
greater  or  less  numbers  of  citizens,  requesting  the  State  Board  to 
abate  local  nuisances  existing  in  cities  and  towns.  Often  such  letters 
or  petitions  call  the  attention  of  the  State  Board  to  the  fact  that  the 
local  board  of  health  has  been  requested  to  abate  the  nuisance  but 
has  either  refused  or  neglected  to  attend  to  the  matter. 

So  frequent  has  this  class  of  correspondence  become  that  the  State 
Board  has  issued  a  circular  which  is  used  as  a  reply  to  letters  of  this 
character,  calling  attention  to  the  fact  that  the  State  Board  has  no 
power  or  authority  to  abate  an  ordinary  local  nuisance,  but  that 
ample  power  is  conferred  upon  the  local  board  of  health  to  take  all 
proper  measures  in  such  cases.  If  the  local  board  of  health  refuses 
or  neglects  to  comply  with  the  request  of  the  petitioners,  then  the 
matter  may  be  referred  to  the  county  commissioners  under  the  pro- 
visions of  chapter  80,  sections  36,  37  and  38,  but  not  to  the  State 
Board  of  Health. 
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This  statute,  however,  does  not  prevent  the  State  Board  from  con- 
sulting with  and  advising  local  boards  in  regard  to  the  disposal  of 
local  nuisances  whenever  such  action  is  necessary. 

Statistical  Summaries  of  Disease  and  Mortality. 

These  summaries  comprise  the  results  of  the  collection  of  such  statis- 
tics as  are  furnished  to  the  Board  by  the  local  authorities  of  cities  and 
towns,  either  voluntarily  or  by  statute  requirements.  They  consist 
of  four  different  series  or  sets  of  tabular  material,  as  follows  :  — 

1.  The  weekly  mortality  returns,  or  the  summary  of  the  volun- 
tary returns  of  deaths  in  those  cities  and  towns  whose  registration 
officials  return  these  data  to  the  State  Board. 

2.  Summary  of  cases  of  infectious  diseases  reported  to  local  boards 
of  health,  selected  and  compiled  from  the  annual  reports  of  such  boards. 

3.  Summary  of  cases  of  infectious  diseases  reported  by  local 
boards  to  the  State  Board  —  chiefly  diphtheria,  scarlet-fever,  measles 
and  typhoid  fever  —  under  statutory  requirement. 

4.  Annual  returns  of  deaths  in  each  city  and  town  having  over 
5,000  population,  also  by  statutory  requirement. 

As  a  matter  of  convenience  these  summaries  have  been  grouped 
together,  and  are  presented  on  pages  711-750  of  this  report. 

Notification  of  Infectious  Diseases. 

The  plan  of  requiring  notice  to  be  given  of  the  occurrence  of  infec- 
tious diseases  was  established  nearly  a  century  ago  by  statutes  mak- 
ing such  notices  compulsory,  both  on  the  part  of  the  householder  and 
of  the  attending  physician.  But  little  care  was  taken  to  secure  the 
enforcement  of  such  laws  until  within  the  past  twenty-five  years, 
when  these  laws  were  made  more  efficient  by  the  requirement  of 
penalties  for  neglect  to  comply  with  them  and  the  introduction  of 
other  features  providing  for  the  systematic  recording  of  data  by 
local  boards  of  health,  and  still  later,  by  the  statute  requiring  a 
further  report  by  the  local  board  to  the  State  Board  of  Health. 
Similar  statutes  have  been  in  force  in  England  for  several  years,  and 
the  information  thus  furnished  has  frequently  proved  of  great  value 
in  tracing  the  cause  of  epidemics  and  of  devising  and  providing 
means  for  their  prevention. 

A  summary  of  the  reports  received  from  the  different  municipal 
authorities  required  to  report  to  the  State  Board  of  Health  may  be 
found  in  that  portion  of  the  report  entitled  Statistical  Summaries  of 
Disease  and  Mortality. 
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Registration  of  Vital  Statistics. 

In  the  following  summary  of  the  vital  statistics  of  the  State  for 
the  year  1892,  the  estimate  of  population  employed  as  a  basis  is 
made  upon  the  same  plan  as  that  of  the  previous  year,  namely,  the 
geometric  rate  of  increase.  Upon  this  basis  the  estimate  of  popula- 
tion for  the  year  1892  is  2,3«9,993. 

There  were  22,507  marriages,  65,824  living  births,  2,293  still- 
births and  48,762  deaths  registered  in  Massachusetts  in  1892. 

The  ratios  to  the  estimated  living  population  were  as  follows  :  — 

Marriage  rate, 9.50  per  1,000  of  the  living  population. 

Persons  married, 18.99    "       "        "  M  * 

Birthrate, 27.77    "       "        «  "  " 

Death  rate, 20.57    "       "        "  "  «• 

Excess  of  birth  rate  over  death  rate,    .      7.20    "       ••        "  "  " 

International  Vital  Statistics. 

In  the  following  summary  are  presented  the  marriage,  birth  and 
death  rates  of  the  six  New  England  States  and  those  of  the  principal 
countries  of  Europe  having  registration  for  a  period  of  twenty  years 
(1871-90)  and  for  the  years  1891  and  1892.  The  first  year  of 
registration  of  Maine  completes  the  list  of  the  New  England  States 
for  the  year  1892. 

The  six  New  England  States  embrace  a  population  ot  about  five 
millions,  and  the  entire  population  of  the  countries  embraced  in  this 
summary  numbers  about  two  hundred  and  twenty-five  millions. 
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Marriages. 

The  number  of  marriages  (22,507)  was  greater  than  that  of  any 
previous  year.  The  greatest  number  occurred  in  November  (2,716) 
and  the  least  number  in  March  (1,037). 

The  marriage  rate  was  18.99,  and  was  higher  than  that  of  any 
year  since  1887,  when  it  was  19.0.  The  estimated  marriage  rate  of 
the  decennial  period  ending  with  1892  was  18.61. 

Births. 

The  number  of  living  births  registered  in  Massachusetts  during 
the  year  1892  was  65,824,  and  the  birth  rate,  as  calculated  upon  an 
estimated  population  of  2,369,993,  was  27.77  per  1,000  of  the  living 
population.  This  was  the  highest  birth  rate  of  any  year  since  1874, 
when  it  was  28.32.  The  lowest  birth  rate  in  the  intervening  period 
was  that  of  1879,  which  was  22.94.  The  estimated  birth  rate  of 
the  decennial  period  ending  with  1892  was  26.08. 

The  ratio  of  males  to  females  among  living  births  where  the  sex 
was  stated  was  105.6  females  to  each  100  males. 

The  greatest  number  of  births  occurred  in  December  and  the 
least  number  in  February. 

There  were  990  illegitimate  births  registered,  or  15  per  1,000  of 
the  living  births  registered  during  the  year,  as  compared  with  1,078, 
or  17.1  per  1,000  in  1891. 

The  births  in  the  thirty  cities  were  46,597,  as  compared  with 
43,828  in  1891,  an  increase  of  6.3  per  cent.  Those  in  the  remainder 
of  the  State  were  19,227,  as  compared  with  19,176  in  1891,  an 
increase  of  less  than  three-tenths  of  1  per  cent. 

Deaths. 

The  number  of  deaths  (48,762)  was  greater  than  that  of  any  pre- 
vious year.  The  death  rate  (20.57  per  1,000)  was  higher  than  that 
of  any  previous  year  since  1875.  The  estimated  death  rate  of  the 
decennial  period  ending  with  1892  was  19.64. 

Infant  Mortality.  —  The  number  of  deaths  of  infants  under  one 
year  old  was  10,649,  or  21.84  of  the  total  mortality,  which  was  less 
than  that  of  either  1891  or  1890,  and  was  also  greater  than  the  mean 
of  the  twenty- year  period  (1873-92). 

The  deaths  of  children  under  five  were  15,225,  or  31.22  per  cent. 
of  the  total  mortality,  which  was  less  than  that  of  any  year  for  the 
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past  twenty  years  except  that  of  1882,  which  was  nearly  identical 
with  it. 

As  compared  with  the  births,  the  mortality  of  infants  under  one 
was  16.18  per  cent,  of  the  living  births,  which  was  slightly  greater 
than  that  of  1891,  and  also  greater  than  the  mean  of  the  twenty- 
year  period  (1873-92). 

The  deaths  of  centenarians  reported  in  1892  wrere  thirteen  in 
number,  nine  of  whom  were  women,  and  ten  were  of  foreign  birth. 
Of  the  three  women  who  were  of  native  birth,  one  died  in  her  native 
town,  and  each  of  the  others  in  a  town  adjoining  her  native  town. 

Sex. — The  deaths  of  males  were  24,643  and  those  of  females 
24,119.  But,  by  the  census  of  1890,  the  females  were  largely  in 
excess  of  the  males,  in  the  ratio  of  51.42  per  cent,  of  the  former  to 
48.58  of  the  latter  (nearly).  If  the  same  ratio  prevailed  in  1892, 
the  death  rate  of  males  was  21.40  per  1,000,  and  that  of  females 
19.79,  these  ratios  beiug  in  each  case  higher  than  those  of  the  census 
year  1890,  and  also  higher  than  the  mean  of  the  seven  census  years, 
1860,  '65,  70,  75,  '80,  '85,  '90. 

Stating  this  more  clearly,  the  deaths  of  males  to  1,000  deaths  of 
females  in  equal  numbers  living  were  1,059  in  1890,  while  in  1892, 
the  difference  in  population  of  the  two  sexes  being  estimated  in  the 
same  ratio,  the  deaths  of  males  to  1,000  females  in  equal  numbers 
living  were  1,081.  In  England,  for  1891,  the  deaths  of  males  to 
1,000  deaths  of  females  were  1,128,  and  for  the  ten-year  period 
(1881-90)  they  were  1,123. 

Causes  of  Death. 

The  number  of  deaths,  the  causes  of  which  were  not  registered  in 
1892,  was  470,  or  .96  of  1  per  cent,  of  the  mortality  from  all 
causes.  This  ratio  was  smaller  than  that  of  any  previous  year  since 
the  beginning  of  registration,  except  that  of  1891,  wrhich  was  .9  of 
1  per  cent. 

The  average  of  the  ten  years  ending  with  1892  was  1.23  per 
cent,  of  the  total  mortality  of  the  period. 

The  sanitary  significance  of  a  table  in  which  is  presented  the  ratio 
of  deaths  from  specified  causes,  or  groups  of  causes,  to  the  living 
population,  must  be  acknowledged,  as  compared  with  the  older 
method  of  comparison  with  the  total  mortality.  Hence  the  follow- 
ing table  is  introduced,  in  which  are  presented  the  deaths  from  each 
group  of  causes,  together  with  the  rate  per  million  living  for  each 
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group  for  1892,  and  the  rate  per  million  for  each  year  of  the  period 
(1883-92). 

The  practical  value  of  international  vital  statistics  becomes  more 
apparent  every  year.  An  impetus  has  been  given  to  such  work  by 
the  labors  of  the  International  Statistical  Institute,  which  convened 
at  Chicago  in  1893. 

For  the  sake  of  comparison  the  column  of  means  for  the  ten- 
year  period  (1881-90)  for  England  has  been  added  to  the  follow- 
ing table  from  the  Fifty-fourth  Report  of  the  Registrar  General  of 
England  for  1891. 

The  deaths  from  the  group  of  infectious  diseases  in  Massachu- 
setts in  1892  were  greater  than  the  mean  for  the  ten-year  period 
(1883-92). 

The  deaths  from  the  group  of  constitutional  diseases  in  1892  were 
less  than  those  of  the  ten-year  period. 

The  deaths  from  the  developmental  group  of  causes  were  slightly 
less  than  those  of  the  decade. 

The  deaths  from  local  diseases  have  increased  from  a  rate  of  7,572 
per  million  in  1884  to  9,651  per  million  in  1892.  The  mean  ratio 
for  the  period  was  8,496. 

The  deaths  from  violence  have  not  varied  very  greatly,  the  extremes 
being  894  per  million  in  1883,  and  748  in  1884,  while  the  mean  was 
815. 

The  deaths  from  ill-defined  and  unspecified  causes  have  generally 
diminished  from  a  maximum  of  357  per  million  in  1883  to  a  mini- 
mum of  176  in  1891,  the  mean  being  242. 

The  lower  line  may  be  read  as  a  general  death  rate  per  million, 
or  per  thousand  of  the  population,  as  convenience  may  dictate,  in 
the  latter  case  the  comma  being  used  as  a  decimal  point. 
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In  the  last  two  tables  are  presented  the  numbers  of  deaths,  the 
death  rates  per  10,000  of  the  living  population  and  the  percentage 
of  the  total  mortality  for  each  of  the  twenty  years  ending  with  1892 
and  for  each  of  thirteen  prominent  causes  and  groups  of  causes  of 
death. 

Small-pox.  —  The  number  of  deaths  from  small-pox  during  the 
year  was  2,  as  compared  with  1  in  1891,  1  in  1890,  4  in  1889  and  8 
in  1888. 

Compared  with  the  estimated  living  population  the  death  rate  from 
this  cause  was  only  .01  of  1  per  10,000  and  the  percentage  of  the 
total  mortality  was  only  .004  of  1  per  cent.  (Further  information 
relative  to  the  prevalence  of  small-pox  will  be  found  under  the  head 
of  infectious  diseases,  page  viii.) 

Measles.  — The  number  of  deaths  from  measles  in  1892  was  88,  as 
compared  with  236  in  1891  and  114  in  1890.  The  death  rate  per 
10,000  of  the  estimated  population  from  this  cause  was  .4  and  the 
percentage  of  the  total  mortality  was  .18. 

The  number  of  deaths  from  this  cause  was  less  than  that  of  any 
year  since  1884,  when  it  was  75.  The  minimum  death  rate  from 
this  cause  for  the  twenty-year  period  was  .1  per  10,000  in  1879, 
and  the  maximum  was  2.2  in  1887. 

Scarlet  Fever.  —  The  number  of  deaths  from  scarlet  fever  in  1892 
was  669,  as  compared  with  246  in  1891  and  196  in  1890  and  was 
the  greatest  number  in  any  year  since  1879. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
cause  was  2.8  and  the  percentage  of  the  total  mortality  1.37. 

The  minimum  death  rate  from  this  cause  for  the  twenty-year 
period  (1873-92)  was  .8  per  10,000  in  1889,  and  the  maximum  was 
10.2  in  1875. 

Diphtheria  and  Croup.  —  The  number  of  deaths  from  diphtheria 
and  croup  in  1892  was  1,455  as  compared  with  1,218  in  1891  and 
1,626  in  1890. 

The  death  rate  per  10,000  of  the  estimated  living  population  was 
6.1  and  the  percentage  of  the  total  mortality  was  2.98. 

The  minimum  death  rate  from  these  causes  for  the  twenty-year 
period  ending  with  1892  was  4.7  per  10,000  in  1873,  and  the  maxi- 
mum was  19.6  in  1876. 

The  mean  death  rate  from  these  causes  for  the  first  half  of  the 
twenty-year  period  was  much  greater  than  that  of  the  last  half. 
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Typhoid  Fever.  —  The  number  of  deaths  from  this  cause  in  1892 
was  827,  as  compared  with  821  in  1891  and  835  in  1890. 

The  death  rate  from  this  cause  per  10,000  of  the  estimated  popu- 
lation was  3.5  and  the  percentage  of  the  total  mortality  was  1.69. 

The  minimum  death  rate  for  the  twenty-year  period  ending  with 
1892  was  3.5  per  10,000  in  1892,  and  the  maximum  was  8.9  in  1873. 

The  mean  death  rate  from  this  cause  for  the  first  half  of  the 
twenty-year  period  was  considerably  greater  than  that  of  the  last 
half. 

Cholera  Infantum.  —  The  number  of  deaths  from  cholera  infantum 
in  1892  was  2,898,  as  compared  with  2,771  in  1891  and  2,491  in 
1890. 

The  death  rate  from  this  cause  per  10,000  of  the  population  was 
12.2  and  the  percentage  of  the  total  mortality  was  5.94. 

The  minimum  death  rate  from  cholera  infantum  in  the  twenty- 
year  period  was  7.7  per  10,000  of  the  estimated  population  in  1879, 
and  the  maximum  was  16.2  in  1873,  the  first  year  of  the  period. 
In  the  previous  year  (1872)  however,  the  death  rate  from  this  cause 
was  higher  than  that  of  any  year  of  registration  either  before  or 
since  that  date. 

Consumption.  — The  number  of  deaths  from  this  disease  in  1892 
was  5,739,  as  compared  with  5,484  in  1891  and  5,791  in  1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
cause  was  24.2  and  the  percentage  of  the  total  mortality  11.77. 

The  minimum  death  rate  from  this  cause  for  the  twenty-year 
period  ending  with  1892  was  23.8  per  10,000  in  1891,  and  the  maxi- 
mum was  35.3  in  1873,  the  first  year  of  the  period. 

In  comparing  the  two  ten-year  periods  1873-82  and  1883-92, 
there  is  found  to  be  a  very  marked  decrease  in  the  mean  death  rate 
of  the  latter  as  compared  with  that  of  the  former. 

Pneumonia.  —  The  deaths  from  pneumonia  were  5,020,  as  com- 
pared with  4,337  in  1891  and  4,038  in  1890. 

The  death  rate  from  this  cause  per  10,000  of  the  estimated  popu- 
lation was  21.2  and  the  percentage  of  the  total  mortality  10.29. 

The  minimum  death  rate  from  pneumonia  for  the  twenty-year 
period  (1873-92)  was  11.6  per  10,000  in  1877  and  the  maximum 
was  21.2.  The  increase  in  the  death  rate  from  pneumonia  during 
the  twenty-year  period  was  greater  than  the  decrease  in  the  death 
rate  from  consumption. 
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Whooping-cough.  —  The  deaths  from  whooping-cough  in  1892 
were  248,  as  compared  with  219  in  1891  and  363  in  1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
cause  was  1  and  the  percentage  of  the  total  mortality  was  .51  of  1 
per  cent. 

The  minimum  death  rate  of  the  twenty-year  period  ending  with 
1892  was  .7  per  10,000  in  1883  and  the  maximum  was  2.8  in  1874. 

Cancer. — The  deaths  from  cancer  in  1892  were  1,402,  as  com- 
pared with  1,395  in  1891  and  1,387  in  1890. 

The  death  rate  from  this  cause  per  10,000  of  the  living  population 
was  5.9  in  1892  and  the  percentage  of  the  total  mortality  was  2.87. 

The  minimum  death  rate  from  this  cause  for  the  twenty-year 
period  was  3.5  per  10,000  in  1875,  and  the  maximum  was  6.2  in 
1890. 

There  was  a  comparatively  steady  increase  in  the  death  rate  from 
cancer  from  1877  to  1890  and  then  a  slight  decrease  in  the  last  three 
years  of  the  period. 

Kidney  Diseases.  —  The  number  of  deaths  from  kidney  diseases 
in  1892  was  1,535,  as  compared  with  1,474  in  1891  and  1,273  in 
1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
group  of  causes  in  1892  was  6.5  and  the  percentage  of  the  total 
mortality  was  3.15. 

There  was  an  increase  with  considerable  regularity  in  the  mortality 
from  this  cause  during  the  twenty-year  period,  from  a  minimum  of 
2.9  per  10,000  of  the  population  in  1873  to  the  maximum  of  6.5  per 
10,000  in  1892.  This  excessive  increase  is,  however,  more  appar- 
ent than  real,  and  may  be  interpreted  as  mainly  due  to  more  intelli- 
gent methods  of  diagnosis. 

Heart  Diseases.  —  The  number  of  deaths  from  heart  diseases 
registered  in  1892  was  3,733,  as  compared  with  3,592  in  1891  and 
3,417  in  1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
group  of  causes  was  15.7  and  the  percentage  of  the  total  mortality 
was  7.65. 

There  ha9  been  a  tolerably  uniform  increase  in  the  death  rate  from 
this  group  of  causes  during  the  twenty-year  period,  the  minimum 
death  rate  being  7.9  per  10,000  in  1873,  '74  and  77  and  the  maxi- 
mum 15.7  in  1892. 
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Brain  Diseases. — This  group  includes  the  deaths  attributed  to 
apoplexy,  paralysis,  insanity,  the  indefinite  term  "  cephalitis,"  soften- 
ing of  the  brain  and  other  unspecified  diseases  of  the  brain,  the 
whole  number  of  deaths  from  this  group  in  1892  being  5,036  as 
compared  with  4,711  in  1891  and  4,389  in  1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  these 
causes  in  1892  was  21.2  and  the  percentage  of  the  total  mortality 
was  10.33. 

The  minimum  death  rate  from  this  cause  for  the  twenty-year 
period  was  13.5  in  1877,  and  the  maximum  was  21.4  in  1888.  The 
mean  death  rate  from  these  causes  in  the  last  half  of  the  period  was 
considerably  greater  than  that  of  the  first  half.  For  the  last  eight 
years  of  the  period  the  death  rate  from  these  causes  was  nearly 
stationary. 

The  deaths  from  local  diseases  in  Massachusetts  have  not  differed 
very  greatly  in  their  relative  incidence  upon  the  population,  from 
those  of  England,  as  is  shown  in  the  following  quotation  from  the 
Registrar  General's  Fifty-fourth  Annual  Report  for  1891. 

"Local  Diseases. — The  most  noticeable  feature  presented  by  the  dis- 
eases included  in  this  class  was  the  great  increase  of  mortality  from  diseases 
of  the  Circulatory  and  Respiratory  Systems.  The  rates  respectively  were 
1,826  and  4,474  per  million  living,  and  in  each  case  the  highest  on  record. 
The  explanation  is  doubtless  to  be  found  in  the  prevalence  of  epidemic 
influenza.  The  deaths  from  nervous  diseases,  however,  showed  no  such 
increase.  They  were  in  the  proportion  of  1,748  to  a  million  living;  and 
this  rate  differed  but  little  from  those  of  the  three  next  preceding  years. 
The  mortality  from  diseases  of  the  Urinary  System  was  467  per  million 
living,  this  being  the  highest  rate  yet  recorded,  and  marking  a  further  step 
in  the  almost  continuous  increase  shown  for  a  long  series  of  years  under 
this  heading." 


From  certain  infectious  causes  not  mentioned  in  the  foregoing 
enumeration  there  were  the  following  numbers  of  deaths  in  1892 ; 
those  of  1891  are  also  presented,  for  the  purpose  of  comparison :  — 
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Number  of  Deaths. 

Number  op  Deaths. 

1891. 

189*. 

1891. 

1893. 

Cerebrospinal  meningitis,    . 
Erysipelas,      .... 
Puerperal  fever,     . 
Influenza,        .... 
Dysentery,      .... 

154 
210 
56 
546 
234 

86 
234 

81 
967 
198 

Dlarrhooa,      .... 

Malarial  fevers,     . 

Hydrophobia, 

Glanders,       .... 

Malignant  pustule, 

639 

62 

9 

1 

1 

684 

81 

1 

0 

6 

Malarial  Fevers.  —  There  were  in  all  81  deaths  registered  in  1892 
from  ague  and  remittent  fevers.     These  occurred  as  follows :  — 


Worcester  County,      . 

16 

Berkshire  County,       .... 

3 

Hampden        " 

15 

Dukes             "            .... 

1 

Middlesex       " 

10 

Franklin         "            .... 

1 

Suffolk 

9 

Plymouth       ••            .... 

1 

Bristol 

8 

Barnstable      "            .... 

0 

Essex 

Hampshire     " 

6 
6 

Nantucket      "            .... 

0 

Norfolk,         M. 

5 

81 

The  number  of  registered  deaths  from  the  same  causes  in  1891 
was  62,  and  in  1890  60,  and  the  total  number  for  the  ten  years  end- 
ing with  1892  was  584. 

Influenza.  —  For  the  purpose  of  comparison  the  statistics  relating 
to  influenza  which  were  published  in  the  last  report  (p.  xxxiv.)  and 
also  in  the  Forty-ninth  Registration  Report,  1890,  are  here  repro- 
duced together  with  those  of  1892. 

The  deaths  from  certain  diseases  of  the  respiratory  organs  and 
from  heart  diseases  are  also  given  in  the  same  table. 
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Mortality  Jmm  All  Causes,  and  from  Influenza,  Pneumonia,  Phthisis,  BronchUU 

and  Heart  Diseases,  by  Months,  Jor  18S9, 1800, 1891  and  1892. 

1889. 


is! 


<    {    I    !  \  i 


Fmnmouli,       . 

394 

MS 

483 

438 

32i 

l«I 

117 

114 ! 

m 

232 

Ml 

423 

3,440 

Pblhlrti,   . 

492 

431 

112 

507 

4*3 

tog 

426 

470 ; 

483 

453 

415 

513 

B,M1 

BroneMtii,        . 

100 

134 

in 

147 

Wl 

«*, 

82 

"!■ 

84 

111 

100 

122 

1,278 

Heart  dlKU», 
Total,. 

■      278 
1.275 

233 
1.159 

273 
1,304 

27» 

SS°' 

~M 

2M 

-^; 

210 

lis- 

1,052 

2»9 
1.380 

3,115 
13,430 

All-—.. 

3.237 

**■ 

s.sis 

3,573 

3.353 

3,12! 

4,224 

4.213 

3,850 

3,389 

3.SB1 

3.1T4 

41,TTT 
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An  examination  of  these  tables  shows  quite  plainly  the  sharp  rise 
in  the  mortality  from  influenza  with  a  coincident  rise  in  the  mortality 
from  pneumonia,  phthisis,  bronchitis  and  heart  diseases  in  the  winter 
of  1889-90,  culminating  in  January ;  another  epidemic  of  less  mag- 
nitude in  the  spring  of  1891,  culminating  in  April  and  May,  and  the 
still  greater  epidemic  of  the  winter  of  1891  and  '92  culminating  in 
January,  1892. 

These,  together  with  other  minor  causes,  increased  the  mortality 
of  January  1892  to  6,309  deaths  which  was  greater  by  2,246  than 
the  mean  monthly  mortality  of  the  year,  and  greater  by  more  than 
1,000  than  the  mortality  of  any  month  in  the  ten-year  period  (1883- 
1892). 

Hydrophobia.  —  The  mortality  from  this  cause  which  had  attained 
to  considerable  numbers  in  1889  and  1890,  again  fell  to  a  single 
death  in  1892. 

During  the  six  years  ending  with  1887  there  had  been  no  reported 
deaths  from  this  cause.  There  were  then  2  deaths  from  hydrophobia 
in  1888,  14  in  1889,  17  in  1890,  9  in  1891  and  1  in  1892. 

The  whole  number  of  deaths  from  this  cause  for  the  period  of 
registration  ending  with  1892  (fifty-one  years  and  eight  months) 
was  116,  of  which  number  96  or  82.8  per  cent,  were  males  and  20 
were  females. 

Mortality  of  Cities. 

The  rapid  growth  of  the  urban  population  in  Massachusetts  as 
contrasted  with  that  of  the  smaller  towns  is  a  sufficient  reason  for 
publishing  in  a  separate  table  the  number  of  deaths  from  all  causes 
together  with  those  from  the  principal  infectious  diseases  in  each 
city  in  the  State. 

By  this  table  it  appears  that  the  total  number  of  deaths  in  the 
cities  in  1892  was  32,202  as  compared  with  30,049  in  1891,  and 
those  in  the  towns  were  16,560  as  compared  with  15,136  in  1891. 

The  population  of  the  30  cities  including  Medford  and  Everett,  by 
the  census  of  1890  was  1,394,444  or  62.3  per  cent,  and  that  of  the 
towns  was  844,499  or  37.7  per  cent,  of  the  total  population,  while  a. 
half  century  earlier,  the  census  showed  that  the  cities  (or  places 
having  more  than  10,000  in  each)  constituted  less  than  one-fourth 
of  the  population. 
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The  growth  of  the  cities  included  in  the  foregoing  table  was 
approximately  at  the  rate  of  3^  per  cent,  per  year  for  the  period 
1885  to  1890.  While  that  of  the  remainder  of  the  State  was  at 
the  rate  of  only  l^6^  per  cent,  (geometric'rate). 

Estimating  the  growth  in  1892  at  the  same  rates  for  these  two 
classes  of  the  population,  the  mortality  rates  from  the  principal  dis- 
eases included  in  the  foregoing  table  are  presented  in  the  following 
table.  In  the  two  lower  lines  the  mortality  rates  are  reduced  to  a 
standard  of  1,000  in  the  urban  population  for  the  convenience  of 
comparison,  and  may  be  read  as  follows  :  — 

For  every  1,000  deaths  from  all  causes  in  the  urban  population, 
there  were  879  deaths  in  the  remainder  of  the  State  in  equal  num- 
bers living.  For  every  1,000  deaths  from  consumption  in  the  urban 
population,  there  were  794  deaths  in  the  remainder  of  the  State  in 
equal  numbers  living. 


Death  Rates  jrorn  Certain  Diseases  in  1802,  per  10,000  of  the  Estimated  Living 
Population,  and  the  same  Reduced  to  a  Standard  of  1,000  in  the  JJrban  or  Dense 
Population. 


Urban  population,     . 
Remainder  of  the  State,    . 

Urban  population, 
Remainder  of  the  State,    . 


41 
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Per  10,000  of  Population. 


3.46 

7.1 

3.7 

13.9 

26.2 

21.6 

1.7 

4.5 

3.1 

9.2 

20.8 

20.4 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

491 

634 

838 

662 

794 

944 

i  -a 

if 

s 


1.34 
.54 

1,000 
403 


The  Significance  of  Genei'al  or  Crude  Death  Rates. 

The  crude  death  rate  obtained  by  estimating  the  ratio  of  the 
number  of  deaths  to  the  living  population  has  been  employed  for 
many  years  as  an  index  of  the  sanitary  condition  of  a  community, 
and  for  comparing  its  sanitary  condition  with  that  of  other  com- 
munities. While  this  method  may  be  trusted  in  the  comparison  of 
the  death  rates  of  a  nation,  a  State,  county,  city  or  town  at  different 
periods  of  time  (since  the  age  and  sex  distribution  of  communities 
remain  fairly  constant  when  comparisons  are  made  for  brief  periods 
or  successive  years),  it  cannot  be  trusted  for   the  comparison  of 
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different  towns,  cities,  States  and  countries  with  each  other,  when 
the  age  and  sex  distribution  differs  widely  as  for  example,  in  our 
own  State,  in  the  case  of  Barnstable  and  Bristol  counties,  or  Barn- 
stable and  Suffolk. 

In  support  of  this  statement  Dr.  Farr  says  "Independently  of 
other  causes  of  variation,  the  mortality  of  different  populations  will 
differ  according  as  they  consist  of  numbers  in  various  proportions  at 
the  ages  at  which  the  mortality  is  high  or  low." 

"  It  is  not  too  much  to  say  that  death  rates  calculated  on  the  gross 
population  are  practically  worthless  as  evidence  of  the  sanitary  con- 
ditions of  communities  less  than  entire  nations."  Dr.  E.  F.  Will- 
oughby,  Hand-book  of  Public  Health  and  Demography. 

For  the  purpose  of  facilitating  the  methods  of  correcting  death 
rates  according  to  age  and  sex  distribution,  Dr.  Ogle  of  the  British 
Registrar  General's  office  and  J.  Korosi,  Director  of  Statistics  of 
Hungary,  have  proposed  the  employment  of  standards  of  population 
in  which  a  normal  or  standard  distribution  of  ages  and  sexes  is 
presented.  For  this  purpose  Dr.  Ogle  combines  the  populations  of 
seven  principal  European  countries  including  about  170  million 
inhabitants  and  presents  a  table  in  which  the  average  distribution  of 
these  populations  is  given  by  sexes  and  age  periods,  the  whole 
number  of  such  periods  being  twelve.  For  the  purpose  of  compari- 
son with  other  countries,  States,  cities  or  smaller  communities,  this 
method  has  the  disadvantage  of  requiring  an  amount  of  computation 
which  becomes  burdensome,  and  secondly,  the  age  periods  employed 
above  20  years  do  not  correspond  with  those  which  have  usually 
been  adopted  in  Massachusetts  and  other  American  communities,  and 
while  there  are  some  advantages  in  adopting  a  distribution  into  the 
periods  25-35,  35-45,  etc.,  instead  of  20-30,  30-40,  etc.,  the  differ- 
ences are  so  slight  as  not  to  make  it  advisable  to  change  the  existing 
methods. 

Korosi  of  Buda-Pesth  suggests  a  method  which  is  less  cumbrous 
than  the  foregoing.  He  does  not  deem  it  essential  for  this  purpose 
to  adopt  a  sex  distribution,  but  employs  a  distribution  of  ages  only 
and  divides  them  into  four  periods  as  follows  :  — 

All  ages  under  one  year. 
One  to  twenty  years. 
Twenty  to  fifty  years. 
All  over  fifty  years. 
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For  the  purpose  of  comparison  he  suggests  the  use  of  a  standard 
representing  a  healthy  population  having  a  constantly  low  death  rate 
as  is  the  case  with  Sweden. 

The  foregoing  age  periods  were  adopted  by  M.  Korflsi  after  trials 
with  different  periods.  They  differ  somewhat  from  those  which  have 
been  in  use,  but  he  states  that  it  "  was  found  to  be  preferable  to 
group  the  first  year  separately,  and  that  there  was  no  sensible  change 
produced  by  placing  the  next  nineteen  years  in  one  single  group." 

The  Returns  of  Medical  Examiners. 

The  whole  number  of  returns  of  medical  examiners  for  the  year 
1892,  under  the  provisions  of  the  inquest  laws,  was  2,210. 

Of  this  number,  72  or  3.26  per  cent,  were  deaths  by  homicide,  274 
or  12.40  per  cent,  were  suicides,  974  or  44.07  percent,  were  deaths 
from  accident  or  negligence,  and  890  or  40.27  per  cent,  were  the 
result  of  causes  not  due  to  violence,  but  to  different  natural  causes 
and  alcoholism.  More  than  one-half  of  this  group  were  from  heart 
diseases  and  diseases  of  the  nervous  system  usually  of  a  sudden 
character. 

Sex.  —  Out  of  the  whole  number  of  deaths  returned  by  the  medi- 
cal examiners  1,642  or  74.3  were  those  of  males,  560  or  25.3  were 
of  females,  and  the  sex  of  8  was  not  stated. 

The  following  summary  presents  the  data  of  these  cases  by  sexes 
for  the  period  of  eight  years  (1885-92). 


Sex. 

Yeabs. 

Males.    ,Pear£ant- 

1 
Females. 

Percent- 
ages. 

Unspeci- 
fied. 

Percent- 
ages.   | 

Totals. 

1885, 
1886, 
1887, 

1889, 
1890, 
1891, 
1892,        . 

i 

973 
1,027 
1,191 
1,261 
1,253 
1,303 
1.362 
1,642 

76.1 

74.5    1 

1 
76.5    1 

76.4 

75.8 

73.5 

74.0 

74.3 

236 
319 
350 
373 
388 
449 
457 
560 

22.4 
23.2 
22.5 
22.6 
23.4 
25.3 
24.8 
25.3 

19 
32 
15 
17 
13 
21 
21 
8 

1.5 

i 
2.3    | 

1.0    | 

1.0    | 

0.8    \ 

1.2     j 

1.2    | 

0.4    ' 

1,278 
1,378 
1,556 
1,651 
1,654 
1,773 
1,840 
i       2,210 

Totals,     . 
Meant, 

10,012 

75.0 

3,182 

! 

23.8    | 

1 

146 

i 

"i 

I     13,340 

i 
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The  first  bars  upon  the  stream  above  North  Billerica  begin  about  eighteen 
hundred  feet  from  the  dam,  where  there  is  a  narrow  rocky  channel  extend- 
ing for  a  distance  of  five  hundred  feet  up-stream.  About  four  hundred 
feet  above  its  upper  end  and  about  half  a  mile  from  the  dam  is  the  Ford  way 
bar,  which  extends  for  a  distance  of  seven  hundred  feet  up-stream.  About 
six  hundred  feet  above  the  Fordway  bar  is  Pollard's  bar,  which  is  about  half 
as  long  as  the  Fordway  bar  and  at  a  considerably  lower  level.  The  total 
fall  over  these  bars  in  the  morning  when  the  water  was  flowing  over  the 
flashboards  at  the  dam  was  found  to  be  only  about  three  inches,  and  any 
improvement  which  could  be  made  at  these  bars  with  the  sum  which  would 
be  available  would  have  been  sufficient  to  lower  the  water  only  a  very  small 
amount  at  this  place  unless  there  was  also  a  lowering  of  the  dam. 

In  the  course  of  the  investigations  it  was  learned  that  during  the  summer 
season  the  quantity  of  water  which  can  be  utilized  in  daytime  at  the 
dam  is  limited  by  the  obstruction  caused  by  the  Fordway  bar  and  the  nar- 
row rocky  channel  below  it.  Owing  to  these  obstructions  the  mills  cannot 
use  in  the  daytime  the  full  flow  of  the  river  during  the  twenty-four  hours, 
for  a  portion  of  it  runs  to  waste  over  the  flashboards  at  night.  If  these 
obstructions  should  be  partially  or  wholly  removed,  the  mills  could  use  a 
greater  proportion  of  the  total  flow  of  the  river  and  the  water  power  would 
be  benefited  thereby.  There  was  some  question,  therefore,  whether  in 
view  of  this  benefit  the  mill  owners  might  not  be  willing  to  lower  their 
flashboards  by  an  amount  dependent  upon  the  improvement  of  the  chan- 
nels, and  in  case  such  an  arrangement  had  been  made  the  river  above  the 
Fordway  bar  would  have  received  the  full  benefit  of  the  lowering  of  the 
flashboards  and  a  slight  additional  lowering  due  to  the  greater  capacity  of 
the  channel  through  the  bar ;  but  the  bars  in  the  vicinity  were  found  to  be 
composed  of  hard  material  which  would  have  been  expensive  to  move  and 
would  have  limited  the  improvement  in  the  rest  of  the  river  to  such  a  de- 
gree that  a  satisfactory  and  permanent  improvement  of  the  channel  above 
could  not  have  been  made  with  the  amount  of  money  available ;  and  in 
view  of  all  the  circumstances  the  conclusion  was  reached  that  the  money 
could  best  be  spent  in  dredging  the  bars  in  the  river  farther  up. 

Several  plans  were  considered,  one  of  which  provided  for  cutting  a  chan- 
nel thirty  feet  wide  on  the  bottom  through  the  bars  in  Concord  below  the 
Assabet  River,  and  twenty  feet  wide  on  the  bottom  through  the  bars  above 
the  Assabet,  as  far  as  the  bar  just  above  Farm  bridge.  The  bottoms  of 
these  channels  were  to  be  five  feet  below  the  water  level  after  the  improve- 
ment had  been  completed ;  but  it  was  not  proposed  to  make  any  channel 
through  a  few  bars  where  the  depth  was  about  four  feet,  as  the  depth  of 
water  over  these  bars  was  so  great  that  they  did  not  obstruct  the  flow  of 
the  water  in  more  than  a  slight  degree.  A  depth  of  five  feet  was  decided 
upon  to  prevent  the  future  obstruction  of  the  channel  by  weeds. 
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Water  Supply  and  Sewerage. 

The  general  law  giving  to  the  State  Board  of  Health  supervision 
of  inland  waters,  and  imposing  certain  duties  upon  the  Board  in 
relation  to  water  supplies  and  systems  of  sewerage  and  sewage  dis- 
posal has  been  so  frequently  quoted  in  the  recent  reports  of  the 
Board  that  it  is  not  essential  to  quote  the  statute  again  in  full. 

Acting  under  the  Statutes  of  1888  the  work  of  the  Board  in  this 
direction  has  been  conducted  during  the  past  year  in  the  same 
manner  as  in  previous  years.  This  work  now  constitutes  a  very 
important  branch  of  the  operations  of  the  Board. 

The  report  of  this  department  of  the  Board  for  1893  comprises 
the  following  topics  :  — 

The  advice  of  the  Board  to  the  authorities  of  cities,  towns  and 
corporations  and  individuals  upon  proposed  or  existing  systems  of 
water  supply  and  sewage  disposal  under  the  provisions  of  section 
3  of  chapter  375  of  the  Acts  of  1888. 

A  continuation  of  the  examination  of  water  supplies,  comprising 
the  results  of  chemical  and  microscopical  examinations  of  public 
water  supplies.  The  examination  of  the  waters  of  the  following 
rivers,  the  Blackstone,  Charles,  Merrimack,  Nashua,  Neponset, 
Housatonic  and  Taunton  were  continued  and  other  examinations 
were  made  of  the  Charles,  Deerfield,  Shawsheen  and  Ware  and  the 
Nashua  and  its  tributaries  in  connection  with  the  investigations  for  a 
Metropolitan  water  supply. 

In  the  summary  of  water  supply  statistics  it  appears  that  146 
cities  and  towns,  having  a  total  population  of  1,949,455,  were  pro- 
vided with  water  supplies,  the  majority  of  these  places  having  in 
each  a  population  of  over  4,000.  There  were  also  206  towns  which 
were  not  provided  with  public  water  supplies  only  one  of  which  had 
a  population  of  more  than  4,500. 

The  total  population  of  places  not  supplied  was  289,488  or  but 
little  more  the  one-eighth  of  the  population  of  the  State. 

The  paper  by  Professor  Drown  upon  "  the  Amount  of  and  Char- 
acter of  Organic  Matter  in  Soils  and  its  Bearing  on  the  Storage  of 
Water  in  Reservoirs,"  has  a  practical  bearing  upon  all  water  supplies 
where  artificial  storage  basins  are  constructed  by  impounding  water 
in  valleys  and  meadows  having  a  surface  either  partially  or  wholly 
of  loam  or  peat. 
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Mr.  Geo.  W.  Fuller,  biologist  in  charge  of  the  Lawrence  Experi- 
ment Station,  details  the  work  performed  at  the  station  during  the 
sixth  year  of  its  existence.  The  principal  topics  treated  of  in  his 
report  are  the  character  of  the  sewage  used  for  experiment,  the  aver- 
age purification  attained,  the  permanency  of  filters,  their  manage- 
ment, experiments  upon  rapid  filtration  of  sewage  from  which  the 
sludge  has  been  removed,  sub-surface  application  of  sewage,  experi- 
ments with  sand  clogged  by  sewage,  effect  of  polarite  in  removing 
color  of  dye-stuffs  in  sewage,  removal  of  bacteria,  work  of  the  sewage 
filters  in  1893,  filtration  of  water,  effects  of  rate  of  filtration,  depth 
of  material,  size  of  sand  grains,  scraping,  disturbing  upper  layer  of 
filter,  removal  of  layer  of  loam,  freezing  surface  layers,  rapidly  fill- 
ing from  below,  amount  of  loss  of  head  and  method  of  application 
of  water  upon  its  bacterial  purification.  A  detailed  account  is 
given  of  the  work  of  the  water  filters  during  1893  together  with  the 
chemical  and  bacterial  analyses  of  the  water  supplied  and  of  the 
effluent  water  of  the  Lawrence  city  filter  for  the  first  seven  months 
of  its  operation. 

Hiram  F.  Mills,  C.E.,  member  of  the  Board,  presents  a  descrip- 
tion of  the  "  Filter  of  the  Water  Supply  of  the  City  of  Lawrence 
and  its  Results,"  and  shows  in  this  paper,  — 

1.  "  The  insufficiency  of  the  self-purification  of  streams. 

2.  The  ready  conveyance  of  typhoid  fever  down  a  stream  by 
sewage-polluted  drinking  water. 

3.  The  practicability  of  protecting  a  community  against  an 
infected  drinking  water  supply  by  natural  sand  filtration." 

The  paper  entitled  "  Sewage  Purification  of  Cities  and  Towns  in 
Massachusetts  "  presents  a  brief  description  together  with  chemical 
analyses  of  sewage  and  effluents  from  the  systems  in  use  in  the 
following  places  :  Amherst,  Norfolk  county  jail,  Framingham,  Gard- 
ner, Lenox,  Marlborough,  Medfield,  Welleslcy  College  and  West- 
borough. 

Mr.  Allen  Hazen,  the  chemist  in  charge  at  the  Experiment  Station 
at  Lawrence  in  1890-93,  was  appointed  as  chemist  of  the  department 
of  water  supply,  sewerage  and  fire  protection  at  the  World's  Colum- 
bian Exposition  at  Chicago,  and  presents  in  this  volume  a  descrip- 
tion of  the  process  there  employed  for  disposal  of  the  sewage  of  the 
Exposition  by  precipitation  and  the  results  attained  by  this  process. 
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Metropolitan  Water  Supply. 

Within  the  period  of  the  past  forty  years  or  more  and  since  the 
beginning  of  the  general  introduction  of  a  public  water  supply  into 
Boston  the  growth  of  the  city  has  been  rapid,  and  this  growth  has 
extended  outward,  until  the  suburban  municipalities  have  acquired  a 
population  nearly  as  large  as  that  of  the  city,  the  whole  district 
within  ten  miles  of  and  including  Boston  containing  nearly  a  million 
inhabitants. 

Public  water  supplies  have  now  been  introduced  into  each  of  the 
twenty-eight  cities  and  towns  embraced  within  this  limit.  The  rapid 
growth  of  the  towns  has  not  only  been  attended  with  an  increase  in 
the  absolute  consumption  of  water  in  the  district,  but  the  relative  or 
per  capita  consumption  has  also  been  considerably  increased.  To 
supply  this  demand  very  much  of  the  available  territory  suitable  for 
use  as  sources  for  yielding  water  has  been  taken  by  the  cities  and 
towns  within  this  district.  In  some  instances  the  density  of  the 
population  living  upon  the  area  of  the  different  water-sheds  has 
increased  to  such  an  extent  as  to  become  a  serious  menace  to  the 
health  of^the  population  consuming  the  water,  in  consequence  of  the 
increased  pollution  which  usually  follows  a  corresponding  increase 
of  population. 

In  the  words  of  the  present  report  (p.  6)  "  The  experience  of  the 
past  year  (1893)  has  emphasized  the  urgent  need  of  a  new  water 
supply  for  this  district,  as  not  only  has  the  water  supply  of  Boston 
and  the  district  supplied  from  Mystic  Lake  been  nearly  exhausted, 
as  above  indicated,  but  the  water  supplies  of  a  majority  of  the 
places  in  the  Metropolitan  district  have  been  in  a  similar  condition." 

The  urgent  demands  of  the  authorities  of  these  municipalities  for 
larger  and  purer  supplies  of  water  finally  resulted  in  legislative 
action,  and  the  following  law  was  enacted  by  the  Legislature  of 
1893,  entrusting  to  the  State  Board  of  Health  the  duty  of  making 
a  general  investigation  of  the  subject  of  a  water  supply  for  this 
Metropolitan  district. 

[Acts  of  1893,  Chapter  459.] 

An  Act  relative  to  procuring  a  water  supply  for  the  city  of  boston 

and  its  suburbs. 
Be  it  enacted,  etc.,  as  follows : 

Section  1.  The  state  board  of  health  is  hereby  authorized  and  directed 
to  investigate,  consider  and  report  upon  the  question  of  a  water  supply  for 
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the  city  of  Boston  and  its  suburbs  within  a  radius  of  ten  miles  from  the 
state  house,  and  for  such  other  cities  and  towns  as  in  its  opinion  should  be 
included  in  connection  therewith. 

Skct.  2.  The  said  board  shall  forthwith  proceed  to  investigate  and 
consider  this  subject,  including  all  questions  relating  to  the  quantity  of 
water  to  be  obtained  from  available  sources,  its  quality,  the  best. methods  of 
protecting  the  purity  of  the  water,  the  construction,  operation  and  mainten- 
ance of  works  for  storing,  conveying  or  purifying  the  water,  the  cost  of 
the  same,  the  damages  to  property,  and  all  other  matters  pertaining  to  the 
subject. 

Sect.  3.  The  said  board  shall  have  power  to  employ  such  engineering 
and  other  assistance  and  to  incur  such  expenses  as  may  be  necessary  for 
carrying  out  the  provisions  of  this  act. 

Sect.  4.  The  said  board  shall  report  fully  with  plans  and  estimates 
to  the  legislature  on  or  before  the  first  Wednesday  in  January  in  the  year 
eighteen  hundred  and  ninety-five,  and  shall  append  to  its  report  drafts  of 
bills  intended  to  accomplish  the  recommendations  of  the  board. 

Sect.  5.  The  total  amount  of  money  which  shall  be  expended  out  of 
the  treasury  of  the  Commonwealth  in  carrying  out  the  provisions  of  this  act 
shall  not  exceed  forty  thousand  dollars.  The  Commonwealth  shall  be 
reimbursed  for  the  amount  expended  by  the  cities  and  towns  which  are  to 
receive  the  benefit  of  the  system  recommended  in  the  report,  in  proportion 
to  the  population  of  each. 

Sect.  6.  Before  incurring  any  expense  the  board  shall  from  time  to 
time  estimate  the  amounts  required  and  shall  submit  the  same  to  the  gov- 
ernor and  council  for  their  approval,  and  no  expense  shall  be  incurred 
beyond  the  amount  so  estimated  and  approved. 

Sect.  7.  This  act  shall  take  effect  upon  its  passage.  [Approved 
June  0,  1893. 


Immediately  after  the  passage  of  this  Act,  the  Board  entered  upon 
the  work  of  investigation,  and  began  the  necessary  surveys  to  ascer- 
tain the  best  supply  for  the  district.  This  work  has  been  carried  on 
without  interruption  since  June,  1893. 

While  it  is  too  early  to  publish  conclusions  relative  to  a  definite 
source  of  water  supply  for  the  district,  it  may  be  said  that  the  inves- 
tigations made  up  to  the  present  time  indicate  that  an  abundant 
supply  of  good  water  for  the  Metropolitan  District  may  be  obtained 
without  excessive  expenditure. 
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Improvement  of  the  Charles  River. 

By  the  provisions  of  Chapter  475  of  the  Acts  of  1893,  the  Board 
of  Metropolitan  Park  Commissioners  and  the  State  Board  of  Health 
were  constituted  a  joint  board  to  investigate  "  the  sanitary  condition 
and  prepare  plans  for  the  improvement  of  the  beds,  shores  and 
waters  of  the  Charles  River,  between  Charles  River  bridge  and  the 
Waltham  line  on  Charles  River,  and  for  the  removal  of  any  nuis- 
ances therefrom." 

The  joint  board,  thus  constituted,  was  authorized  to  employ 
engineers  and  experts  and  to  incur  necessary  expenses  not  exceed- 
ing $5,000. 

This  act  recognizes  the  existence  of  conditions  in  the  specified 
portion  of  the  river  which  have  for  a  long  time  constituted  a  general 
nuisance,  offensive  to  the  sight  and  smell,  in  consequence  of  the  serious 
pollution  of  the  river  and  of  the  daily  exposure  of  large  areas  of 
mud  flats  upon  which  the  polluting  matter  in  the  river  is  deposited. 

To  remedy  this  foul  and  unsightly  condition  the  Board  has  given 
its  attention,  and  after  surveying  the  territory  and  areas  included  in 
the  provisions  of  the  act  and  investigating  the  sanitary  condition  of 
the  contiguous  population,  made  its  report  to  the  Legislature  in 
May,  1894  (House  Doc.  775,  1894),  the  time  for  the  presentation 
of  the  report  having  been  extended  by  Chapter  57  of  the  Resolves 
of  1894. 

The  plan  proposed  involves  the  construction  of  a  dam  and  a  lock 
at  the  lower  portion  of  the  estuary  above  Craigie's  bridge,  by  means 
of  which  the  water  above  the  dam  will  be  kept  at  a  constant  level. 
While  this  dam  may  be  regarded  as  the  principal  feature  of  the 
plan,  other  features  are  worthy  of  note,  especially  the  treatment  of 
the  shores  of  the  proposed  basin. 

One  great  improvement  in  this  region  is  already  nearly  com- 
pleted, the  Metropolitan  Sewerage  System,  which,  when  in  opera- 
tion, will  remove  a  great  amount  of  pollution  from  the  river. 

The  report  of  the  Landscape  Architects  to  the  joint  board  closes 
as  follows  :  —  "  Charles  River,  freed  from  sewage,  from  defiling  indus- 
tries, from  mud  flats  and  from  mud  banks,  and  dedicated  with  its  bor- 
ders to  the  use  and  enjoyment  of  the  public  as  a  drainage  channel,  an 
open  space,  a  parkway,  a  chain  of  playgrounds  and  a  boating  course, 
will  perform  its  highest  possible  service  to  the  Metropolitan  com- 
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munity,  and  will  return  to  the  community  profits,  both  tangible  and 
intangible,  which  will  annually  increase. " 

Infectious  Disease  Hospitals. 

The  subject  of  providing  separate  accommodations  for  hospitals 
for  persons  suffering  with  infectious  diseases  of  a  dangerous  char- 
acter has  become  quite  prominent  during  the  past  two  or  three  years 
in  Massachusetts  cities,  and  is  likely  to  become  still  more  a  subject 
of  paramount  importance  in  future  years. 

The  fact  that  400  such  establishments  exist  in  England  alone,  and 
the  number  there  is  constantly  increasing,  is  sufficient  to  show  the 
estimate  in  which  they  are  held  in  Great  Britain. 

In  response  to  a  demand  for  information  upon  this  subject,  a  paper 
has  been  prepared  by  the  Secretary  for  the  present  report,  contain- 
ing the  most  recent  information  upon  the  subject,  together  with  a 
brief  compilation  embodying  "the  practice  of  other  countries  in  this 
direction. 

Summary  of  Weekly  Mortality  Reports. 

Under  this  title  may  be  found  a  summary  of  the  returns  sent  to 
the  office  of  the  State  Board  at  the  close  of  each  week,  from  the 
principal  cities  and  towns,  of  the  deaths  which  have  been  reported 
to  the  local  Boards  of  Health.  These  returns  embrace  a  statement 
of  the  total  number  of  deaths,  the  number  of  deaths  of  children 
under  5  years  of  age,  and  the  number  from  each  one  of  the  principal 
infectious  diseases. 

This  system  of  voluntary  returns  keeps  the  State  Board  informed 
of  the  progress  of  epidemics,  their  outbreak  and  their  decline,  and 
serves  as  a  valuable  index  of  the  health  of  the  population,  its  chief 
advantage  consisting  in  its  frequency  and  the  fact  that  the  Board 
receives  its  information  direct  from  the  local  authorities. 

Health  of  Towns. 

In  the  portion  of  the  report  devoted  to  the  health  of  towns  may 
be  found  a  digest  of  the  principal  facts  of  importance  gathered  from 
the  city  and  town  reports  of  Boards  of  Health  of  the  year  1893. 

This  summary  also  contains  a  table  in  which  are  stated  the  number 
of  cases  of  the  principal  infectious  diseases  which  are  reported  to  the 
local  Boards  of  Health.  In  addition  to  the  cases  reported  another 
parallel  column  contains  the  registered  deaths  from  the  same  causes  in 
these  cities  and  towns  and  the  ratio  of  fatality  in  the  State  at  large. 
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Routine  Work  of  the  Board. 

The  Board,  in  the  performance  of  its  duties  under  the  provisions 
of  the  Statutes,  has  held  at  least  one  meeting  in  each  month  during 
the  year,  with  such  meetings  of  its  standing  committees  as  were 
essential  to  the  proper  performance  of  its  work.  The  work  of  the 
year  is  presented  in  detail  under  the  different  topics  referring  to  the 
prescribed  duties  of  the  Board. 

Advice  has  been  given  almost  daily  at  the  office  to  local  Boards 
of  Health  and  to  individuals  seeking  advice  upon  sanitary  questions, 
and  in  instances,  where  occasion  required,  visits  have  been  made  by 
the  secretary  and  by  the  engineers  of  the  Board  to  cities  and  towns  for 
the  purpose  of  making  investigation  and  inspecting  and  giving  advice. 

One  public  hearing  only  was  held  during  the  year  (on  April  10, 
1893)  and  that  had  reference  to  the  taking  of  land  for  the  sewage 
disposal  of  Brockton  under  the  provisions  of  chapter  124  of  the  Acts 
of  1890. 

The  statistics  of  mortality  have  been  compiled  and  published  each 
week  at  the  office  of  the  Board  in  the  form  of  a  weekly  bulletin, 
which  also  contains  once  a  month  a  report  of  the  work  done  in  the 
line  of  food  and  drug  inspection,  together  with  the  prosecutions 
made  under  the  Food  and  Drug  Acts.  In  addition  to  the  foregoing, 
daring  the  past  year  the  statistics  of  reports  of  cases  of  infectious 
diseases  returned  under  the  provisions  of  chapter  302  of  the  Acts 
of  1893,  have  been  introduced  in  these  bulletins. 

•  •  •  « 

The  following  table  presents  certain  statistical  data  relative  to  the 
routine  work  of  the  Board  :  — 

Statistical  Table  for  the  Year  endinq  Sept.  80,  1898. 

Whole  number  of  samples  of  foods  and  drugs,  examined  during  the  year,  6,409 

Samples  of  milk  examined  (included  in  the  foregoing), ....  8,073 

Whole  number  examined  since  beginning  of  work  in  1883,  .  .  .  53,573 
Whole  number  of  samples  of  milk  examined  since  beginning  of  work 

in  1883, 27,076 

Number  of  warning  notices  issued  relative  to  adulteration  during  the  year,  423 

Number  of  prosecutions  against  offenders  during  the  year,     ...  96 

Number  of  convictions  during  the  year, 92 

Amount  of  fines  secured  during  the  year, $2,476.00 

Force  employed  at  Boston,  for  food  and  drug  inspection,  chemists  and 

assistants, 2 

At  Amherst, «  1 

—    3 
Inspectors, 3 

Total 6 
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Table  1.  —  Marriages,  Births  and  Deaths  in  Massachusetts  (1842-1894),  with 

Population  and  Bales  per  lfiOO  Living. 
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1,020,673 
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9.53 

1862,     .... 

1,047,520 
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29,802 
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17.64 

10.81 

1853,     .... 

1,075,072 

12,828 
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20,301 

10,619 

23.86 

28.76 

18.88 

9.88 

1854 

1,103,350 

13,683 

31,997 

21,414 

10,583 

24.80 

29.00 

19.41 

9.69 

1855,     .... 

1.182,889 

12,329 

32,846 

20,798 

12,047 

21.77 

29.01 

18.37 

10.64 

1850,     .... 

1,151,461 

12,265 

34,445 

20,734 

13,711 

21.30 

29.91 

18.00 

11.91 

1857 

1,170,864 

11,789 

36,320 

21,280 

14,040 

20.05 

30.16 

-  18.17 

11.99 

1858 

1,190,584 

10,627 

34,491 

20,776 

13,716 

17.68 

28.97 

17.45 

11.52 

1869,     .... 

1,210,657 

11,476 

36,442 

29,976 

14,466 

18.96 

29.28 

17.33 

11.95 

1860 

1,231,067 

12,404 

36,051 

23,068 

12,983 

20.16 

29.28 

18.74 

10.54 

1861 

1,238,177 

10,972 

35,445 

24,085 

11,360 

17.72 

28.63 

19.45 

9.17 

1862,     .... 

1,246,328 

11,014 

32,276 

22,974 

9,301 

17.69 

25.92 

18.45 

7.47 

1863 

1,262,621 

10,873 

30,314 

27,751 

2,563 

17.36 

24.20 

22.15 

2.05 

1864,     .... 

1,269,756 

12,513 

30,449 

28,753 

1,696 

19.87 

24.17 

22.83 

1.35 

1865,    .... 

1,267,031 

13,051 

30,249 

26,162 

4,097 

20.60 

23.87 

20.64 

3.23 

1866,     .... 

1,302,992 

14,428 

34,085 

23,637 

10,448 

22.14 

26.16 

18.14 

8.02 

1867 

1,339,976 

14,451 

35,062 

22,773 

12,289 

21.57 

26.17 

17.00 

9.17 

1868,     .... 

1,378,010 

13,856 

36,193 

26,603 

10,590 

20.12 

26.26 

18.68 

7.68 

1869,     .... 

1,417,125 

14,826 

36,141 

26,054 

10,087 

20.92 

25.50 

18.39 

7.12 

1870,     .... 

1,457,351 

14,721 

38,259 

27,329 

10,930 

20.20 

26.25 

18.75 

7.50 

1871 

1,494,334 

15,746 

39,791 

27,943 

11,848 

21.08 

26.63 

18.70 

7.93 

1872 

1,532,258 

16,142 

43,235 

35,019 

8,216 

21.08 

28.22 

22.86 

5.37 

1873 

1,571,146 

16.437 

44,481 

33,912 

10.669 

20.92 

28.31 

21.58 

6.73 

1874,     .... 

1,611,022 

15,564 

45,631 

31,887 

13,744 

19.32 

28.32 

19.79 

8.53 

1875 

1,651,912 

13,663 

43,996 

34,978 

9,018 

16*64 

26.63 

21.17 

5.46 

1876,     .... 

1,677,351 

12,749 

42,149 

33,186 

8,963 

15.20 

25.13 

19.78 

5.34 

1877 

1,703,182 

12,758 

41,860 

31,342 

10,508  1 

14.98 

24.57 

18.40 

6.17 

1878 

1,729,410 

12,893 

41,238 

31,303 

9,935 

14.91 

23.84 

18.10 

5.74 

1879,     .... 

1,766,042 

13,802 

40,295 

31,801 

8,494 

16.72 

22.94 

18.11 

4.83 

1880,    .... 

1,783,085 

15,538 

44,217 

35,292 

8,925 

17.42 

24.80 

19.79 

5.01 

1881 

1,813,818 

16,768 

45,220 

36,458 

8,762 

18.49 

24.93 

20.10 

4.83 

1882,     .... 

1,846,081 

17,684 

45,670 

36,785 

8,885 

19.17 

24.75 

19.93 

4.82 

1883 

1,876,883 

18,194 

47,285 

37,748 

9,537 

19.38 

25.19 

20.11 

6.08 

1884,     .... 

1,909,233 

17,333 

48,616 

36,990 

11,626 

18.10 

25.46 

19.38 

6.08 

1885 

1,942,141 

17,052 

48,790 

38,094 

10,696 

17.56 

25.12 

19.61 

5.61 

1886 

1,998,174 

18,018 

60,788 

37,244 

13,544 

18.04 

25.41 

18.64 

6.77 

1887,     .... 

2,055,823 

19,633 

53,174 

40,763 

12,411 

19.00 

25.87 

19.85 

6.04 

1888 

2,115,136 

19,739 

54,893 

42,097 

12,798 

18.66 

25.95 

19.90 

6.05 

1889,     .... 

2,176,169 

20,397 

57,075 

41,777 

15,298 

18.74 

26.23 

19.20 

7.03 

1880,     .... 

2,238,943 

20,838 

67,777 

43,528 

14,249 

18.62 

25.81 

19.44 

6.37 

1891 

2,288,911 

21,675 

63,004 

45,185 

17,819 

18.94 

27.53 

19.74 

7.79 

1892,     .... 

2,339,993 

22,507 

65,824 

48,762 

17,062 

19.24 

28.13 

20.84 

7.29 

1893 

2,392,216 

22,814 

67,192 

49,084 

18,108 

19.07 

28.09 

20.52 

7.57 

1894,     .... 

2,446,604 

20,619 

66,936 

46,791 

20,145 

16.86 

27.37 

19.14 

8.24 

1885 

2,500,183 
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*  The  statistics  of  the  first  eight  years  of  registration  are  for  the  years  ending  with  April  30  of  each  year. 

t  The  second  line  of  statistics  for  1848  is  for  the  eight  months  euding  Dec.  31,  1848. 

|  The  statistics  for  1849  and  for  each  of  the  following  years  are  for  the  calendar  years  ending  Dec.  31. 
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The  number  of  applications  received  since  July,  1886,  when  the 
act  relating  to  water  supply  and  sewerage  first  went  into  operation, 
is  as  follows  :  — 

1886, 8 

1887 22 

1888 28 

1889 38 

1890, 23 

1891 53 

1892, 56 

1893, 51 

Total, 279 

Recommendations  . 

The  following  recommendations  were  made  to  the  Legislature  at 
the  beginning  of  the  session  of  1894  :  — 

I.  With  reference  to  the  continuance  of  the  work  of  the  Board  under 
the  provisions  of  chapter  375  of  the  Acts  of  1888  the  Board  recommends 
the  continuance  of  the  investigations  already  commenced  and  those  indi- 
cated as  desirable  in  the  report  upon  Water  Supply  and  Sewerage  (Senate 
Doc.  4,  1894). 

For  these  purposes,  and  to  make  the  necessary  investigations  in  order  to 
advise  cities,  towns,  corporations  and  individuals  in  regard  to  the  best 
method  of  assuring  the  purity  of  intended  or  existing  water  supplies,  and 
the  best  method  of  disposing  of  sewage,  and  to  carry  out  the  other  provi- 
sions of  chapter  375  of  the  Acts  of  1888,  the  Board  estimates  that  the  sum 
of  $27,000  will  be  required. 

2.    As  to  Notification  of  Contagious  Diseases. 

That  the  laws  in  reference  to  the  notification  of  contagious  diseases  to 
certain  State  authorities  be  so  amended  that  the  law  now  in  force  in  regard 
to  small-pox  shall  be  extended  to  include  other  diseases  dangerous  to  the 
public  health. 

3.    State  Vacciiie  Institution. 

In  its  Twentieth  Annual  Report,  1888,  the  State  Board  of  Health  intro- 
duced the  subject  of  establishing  in  the  State  one  or  more  places  at  which 
vaccine  lymph  could  be  furnished  under  the  supervision  of  the  State,  so 
that  regular  supplies  of  lymph  could  be  furnished  to  all  State  institutions, 
to  the  local  authorities  of  cities  and  towns,  and  to  such  physicians  as  might 
choose  to  obtain  their  lymph  from  such  an  institution. 
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This  plan  is  adopted  at  present  in  nearly  all  foreign  countries  where 
vaccination  is  practised,  and  with  the  most  successful  result.  The  plan  of 
public  vaccinal  institutes  has  reached  its  highest  development  in  Germany, 
where  at  least  thirty  such  establishments,  well  equipped  and  under  thorough 
administration,  furnish  lymph  for  vaccination  to  all  who  desire  it.  By  this, 
plan  the  purity  of  the  lymph  can  be  satisfactorily  assured,  and  the  physician 
or  local  board  of  health  can  procure  it  direct  from  the  institution,  thus 
avoiding  the  delay  of  ordering  through  agents  and  middlemen. 

As  a  result  of  this  plan  as  well  as  of  their  very  thorough  enforcement  of 
the  laws,  Germany  is  to-day  more  free  from  the  scourge  of  small-pox  than 
any  other  country  in  the  world. 

The  Board  therefore  recommends  that  an  appropriation  of be 

made  for  the  purpose  of  carrying  out  this  plan,  under  the  supervision  of 
such  authority  as  the  Legislature  may  direct. 

4.    As  to  Vital  Statistics. 

That,  inasmuch  as  an  intimate  study  and  knowledge  of  the  vital  statistics 
of  a  community  are  the  basis  of  wise  sanitary  administration,  the  data 
gathered  annually  by  the  Secretary  of  the  Commonwealth,  in  accordance 
with  the  provisions  of  existing  statutes,  be  submitted  in  their  entirety  to  the 
Board  of  Health  for  such  consideration  and  report  as  may  seem  to  promote 
most  fully  the  public  welfare.  Such  a  course  would  place  this  State  in 
harmony  with  the  usage  in  nearly  all  the  states  of  this  Union  having  regis- 
tration, and  in  the  civilized  countries  of  Europe. 

5.    As  to  Medical  Inspectors  of  Health. 
The  following  bill  was  recommended :  — 

Providing  for  the   appointment   of   advisory   medical  inspectors   of 

health  throughout  the  commonwealth. 

Be  it  enacted,  etc.,  as  follows : 

Section  1.  The  governor,  by  and  with  the  advice  and  consent  of  the 
council,  shall,  as  soon  as  may  be  after  the  passage  of  this  act,  divide  the 
Commonwealth  into  such  number  of  districts,  to  be  known  as  health  dis- 
tricts, as  he  may  deem  proper  and  necessary  for  carrying  out  the  purposes 
of  this  act. 

Sect.  2.  After  the  division  provided  in  the  foregoing  section  the  gov- 
ernor shall  nominate,  and  by  and  with  the  advice  and  consent  of  the 
council,  shall  appoint  in  each  health  district  one  able  and  discreet  person, 
learned  in  the  science  of  medicine,  to  be  advisory  medical  inspector  of 
health  in  said  district.  Every  such  nomination  shall  be  made  at  least  seven 
days  prior  to  the  appointment. 

Sect.  8.  Said  advisory  medical  inspectors  of  health  shall  hold  their 
offices  for  a  period  of  seven  years  from  the  time  of  their  respective  appoint- 
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ments,  and  shall  be  liable  to  removal  from  office  by  the  governor  and 
council  at  any  time  for  cause  shown. 

Sect  4.  Each  advisory  medical  inspector  of  health  shall  reside  in  the 
district  to  which  he  is  appointed,  and  his  removal  therefrom  shall  be  equiva- 
lent to  a  resignation  of  his  office.  .  His  powers  and  duties  shall  be  advisory 
only.  He  shall  inform  himself  respecting  all  influences  affecting  or  threat- 
ening to  affect  injuriously  the  public  health  within  the  district,  and  shall 
promptly  notify  the  local  authorities  of  the  existence  of  all  conditions 
affecting  or  likely  to  affect  the  health  of  the  district,  and  shall  advise  with 
said  authorities  as  to  the  best  methods  of  controlling  the  same. 

Sect.  5.  Each  advisory  medical  inspector  of  health  shall  keep  a  record 
of  his  proceedings  and  observations,  and  shall  annually  make  a  report  to 
the  health  authorities  of  each  city  or  town  within  his  district  touching  mat- 
ters affecting  said  city  or  town,  and  shall  transmit  a  copy  of  each  report  to 
the  State  Board  of  Health  on  or  before  the  thirty-first  day  of  October  in 
each  year.  . 

Sect.  6.  Each  advisory  medical  inspector  of  health  shall  from  time  to 
time  as  requested  furnish  to  the  State  Board  of  Health  information  touching 
the  sanitary  condition  of  the  whole  or  any  part  of  his  district.  He  may 
make  such  reports- and  suggestions  to  the  State  Board  of  Health  or  to  the 
local  authorities  as  he  may  deem  advisable  ;  but  shall  in  every  instance  for- 
ward to  the  State  board  a  copy  of  any  such  communication  with  the  local 
authorities. 

Sect.  7.  The  governor,  by  and  with  the  advice  of  the  council,  shall 
establish  from  time  to  time  the  salaries  of  said  advisory  medical  inspectors 
of  health,  having  reference  in  each  district  to  the  extent  of  territory,  the 
number  of  inhabitants,- the  character  of  the  business  there  carried  on,  and 
the  amount  of  tinle  likely  to  be  required  for  the  proper  discharge  of  the 
duties.  The  salary  thus  established  shall  be  paid  from  the  treasury  of  the 
Commonwealth  quarterly. 

Sect.  8.     This  act  shall  take. effect  upon  its  passage. 


Expenditures. 

The  work  of  the  Board  is  conducted  under  the  provisions  of  several 
statutes,  and  for  its  different  departments  of  work  three  appropria- 
tions are  annually  made,  one  for  its  general  work,  one  for  the 
inspection  of  food  and  drugs- and  a  third  for  carrying  out  the  pro- 
visions of  chapter  375  of  the  Acts  of  1888,  relating  to  the  protection 
of  the  purity  of  inland  waters. 
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The  appropriations  for  these  different  departments  of  work  during 
1893  were  as  follows  :  — 

For  the  general  work  of  the  Board, f  10,800  00 

For  food  and  drug  inspection, 11,500  00 

For  work  under  the  provisions  of  chapter  376,  Acts  of  1888,       .        .      27,000  00 

f  49,300  00 

In  addition  to  these  regular  lines  of  work  the  Board  was  charged 
with  the  duty  of  investigating  the  question  of  a  general  water  supply 
for  the  city  of  Boston  and  the  suburban  cities  and  towns  to  the  dis- 
tance of  ten  miles  from  the  city. 

For  this  investigation  the  Board  was  authorized  to  expend  a  sum 
not  exceeding  $40,000,  of  which  sum  there  was  appropriated  in  1893 
the  sum  of  $15,000. 

The  expenditures  under  the  foregoing  appropriations  were  as 
follows :  — 

For  the  General  Work  op  the  Board. 

Salaries, $4,819  96 

Printing 1,325  15 

Travelling, 1,140  70 

Special  investigations, 488  78 

Postage, 207  61 

Books,  subscriptions  and  binding, 306  68 

Express, 220  23 

Stationery, 162  42 

Telephone, 127  05 

Type-writer  and  library  supplies, 19  80 

Office  incidentals, 64  72 

Messenger  services, 257  27 

Telegrams, 7  3$ 

Draughting  wood-cuts, 31  50 

•9,168  70 

For  Food  and  Drug  Inspection.     For  Year  ending  Sept.  30,  1893. 

Salaries  of  analysts, (4,400  00 

Salaries  of  inspectors, 3,900  00 

Travelling  expenses  and  purchase  of  samples, 1,661  75 

Apparatus  and  chemicals, 235  68 

Kent  at  Harvard  Medical  School, 125  00 

Chemical  analysis  (by  other  chemists), 2  00 

Furniture  and  fittings  at  laboratory, 26  52 

Legal  services, 45  00 

Printing, 4  85 

v?as,   •••.••*..**•••  *}o  *Jo 

Extra  services, 20  00 

Total f  10,454  11 
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Expenses  under  Chapter  375  of  Acts  of  1888.    Protection  of  Puritt  of 

Inland  Waters.     For  Calendar  Year  1893. 

Salaries,  including  wages  of  laborers  at  Lawrence  Experiment  Station,  $22,743  40 

Apparatus  and  materials, 1,896  73 

Rent  of  rooms  at  Massachusetts  Institution  of  Technology,  .        .        .  900  00 

Rent  of  Lawrence  Experiment  Station, 125  00 

Travelling  expenses, 195  81 

Express  charges, 420  95 

Use  of  tools  and  office,  Lawrence  Experiment  Station,  ....  412  32 

Printing, 74  54 

Stationery  and  drawing  materials, 86  21 

Maps,  blue  prints  and  photographs, 54  06 

Furniture, 43  00 

Paid  for  collecting  samples  of  water, 8  25 

Postage  stamps, 27  90 

Messengers  and  telegrams, 7  82 

Total, 126,995  99 

For  Expenses  in  Investigation  of  Water  Supply  of  Boston  and  Sub- 
urban Towns. 

[Acts  or  1808,  Chapter  450.] 

Salaries, (7,455  83 

Services  and  expenses,  experts, 162  25 

Apparatus  and  repairs,  borings,  drawing  and  surveying  instruments, 

etc., 1,249  00 

Travelling  expenses  and  board  of  employes, 1,200  68 

Maps,  etc., 43  50 

Stationery  and  account  books, 71  20 

Hardware,  hose,  pump,  pipe,  etc., 596  87 

Lumber, .  45  34 

Freight,  express,  etc., 15  99 

Office  rent  and  incidentals, 72  27 

(10,912  93 

A  statement  of  the  expenditures  relating  to  the  exhibit  of  the 
Board  at  the  World's  Columbian  Exposition  may  be  found  on  page 

xxiii. 

H.  P.  WALCOTT, 
J.   W.   HASTINGS, 
H.   F.   MILLS, 

F.  W.  DRAPER, 

G.  C.   TOBEY, 
J.  W.   HULL, 
C.   H.   PORTER, 

State  Board  of  Health. 
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[Report  required  by  the  provisions  of  chapter  375  of  the  Acts  of 
1888,  entitled  "An  Act  to  protect  the  purity  of  Inland  waters, 
and  to  require  consultation  with  the  State  Board  of  Health 
regarding  the  establishment  of  systems  of  water  supply,  drain- 
age and  sewerage."] 

The  following  report  contains  the  substance  of  the  replies 
made  by  the  Board  to  those  cities,  towns,  corporations  and 
individuals  which  have  applied  to  the  Board  for  its  advice 
relative  to  systems  of  water  supply,  drainage  and  sewerage, 
under  the  provisions  of  chapter  375  of  the  Acts  of  1888.  It 
also  includes  a  summary  of  the  work  done  by  the  Board  in 
connection  with  the  examination  of  water  supplies  and  rivers, 
and  the  purification  of  sewage. 

As  one  result  of  the  studies  of  the  Board,  in  connection 
with  the  investigations  made  at  the  Experiment  Station, 
there  has  been  constructed  during  the  past  year  by  the  city 
of  Lawrence  a  filter-bed  covering  an  area  of  two  and  a  half 
acres  which  now  filters  the  domestic  water  supply  for  about 
47,000  people.  This  water  supply  is  derived  from  the  Mer- 
rimack River,  which  receives  the  drainage  of  a  large  part  of 
New  Hampshire,  and  the  sewage  of  Lowell  enters  only  nine 
miles  above  the  intake  of  the  Lawrence  water  works.  There 
has  been  in  past  years  a  great  increase  in  the  number  of  deaths 
by  typhoid  fever  in  Lowell  and  in  Lawrence  in  the  late  fall 
and  winter  months,  after  the  disease  had  spent  its  force  and 
nearly  ceased  in  the  towns  and  cities  up  the  river. 

The  studies  of  the  Board  led  them  to  conclude  that  this 
large  number  of  deaths,  often,  in  Lawrence,  exceeding  the 
number  in  the  city  of  Boston  in  the  same  months,  was  due 
to  disease  germs  brought  down  the  river  and  distributed  to 
the  citizens  in  their  drinking  water ;  and  after  making  filters 
at  the  Experiment  Station  that  removed  all  the  disease  germs 

•  The  first  pages  of  this  report  were  contained  in  a  report  made  to  the  Legisla- 
ture Jan.  10,  1894  (Senate  Document,  No.  4).  A  portion  of  the  report  then  made, 
relating  to  the  work  done  at  the  Lawrence  Experiment  Station,  is  not  reproduced, 
because  a  more  complete  account  of  the  work  done  at  this  place  will  be  found  in  a 
subsequent  part  of  this  volume. 
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put  into  the  water  applied  to  them,  the  Board  advised  the 
city  of  Lawrence  to  construct  a  filter  under  the  direction  of 
the  Board,  and  to  purify  their  drinking  water.  The  filter 
was  commenced  in  the  fall  of  1892,  and  finished,  at  a  cost 
of  about  $65,000,  in  September,  1893.  Since  September 
20  all  the  water  that  has  been  pumped  to  the  city  reservoir 
has  first  passed  through  the  filter. 

Very  frequent  examinations  of  the  water  show  that  98  per 
cent,  of  all  of  the  bacteria  in  the  river  water  applied  to  the 
filter  are  removed  directly  by  it,  and  in  addition  to  this 
it  removes  a  large  part  of  the  organic  matter  from  the 
water  and  converts  much  of  it  to  mineral  matter,  thus  de- 
priving the  remaining  bacteria  of  food  material  and  render- 
ing the  conditions  of  life  so  unfavorable  that  the  bacteria 
decrease  as  the  water  goes  on  through  the  reservoir  and 
through  the  distributing  pipes,  until  when  the  water  reaches 
the  citizens  there  remains  but  one-half  of  1  per  cent,  of  the 
number  of  bacteria  in  the  river  water ;  that  is,  99  J  per  cent, 
of  all  have  been  removed. 

The  experiments  of  the  Board  indicate  that  the  small 
numbers  remaining  are  of  a  few  hardy  kinds  that  are  not 
known  to  be  in  any  way  injurious  to  health ;  and  leave  the 
strong  probability  that  all  the  disease-producing  germs  have 
been  removed. 

The  result  upon  the  health  of  the  people  of  Lawrence  is 
very  marked  and  very  satisfactory.  The  number  of  deaths 
from  typhoid  fever  in  Lawrence  for  the  three  months  of 
October,  November  and  December  during  the  past  five  years 
has  averaged  eighteen  ;  the  number  of  deaths  this  year,  since 
the  water  has  been  filtered,  in  the  same  three  months,  has 
been  four. 

At  the  end  of  the  year  1893  all  of  the  30  cities  in  the 
Commonwealth,  and  116  towns  out  of  a  total  of  322,  were 
provided  with  a  public  water  supply.  The  total  population 
of  the  communities  having  a  public  water  supply  is  87.1  per 
cent,  of  the  total  population  of  the  State. 

There  are  now  but  6  towns  which,  by  the  census  of  1890, 
had  a  population  exceeding  4,000,  which  are  not  provided 
with  a  public  water  supply.  The  names  of  these  towns,  with 
their  respective  populations  in  1890,  are  as  follows :  Black- 


No.  34.]     WATER  SUPPLY  AND  SEWERAGE.  5 

stone,  6,138 ;  Ipswich,  4,439 ;  Millbury,  4,428 ;  Winchen- 
don,  4,390 ;  Rockport,  4,087 ;  and  Barnstable,  4,023. 

Twenty-eight  cities  and  67  towns,  having  together  a  total 
population  of  1,704,510,  own  their  water  works,  while  2 
cities  and  49  towns,  with  a  total  population  of  244,945,  are 
supplied  by  private  companies. 

The  flow  of  the  streams  in  the  year  1893,  taken  as  a  whole, 
as  indicated  by  the  volume  of  water  flowing  in  Sudbury 
River,  has  been  a  very  little  below  the  average  for  a  long 
series  of  years ;  but  the  seasonal  distribution  of  the  flow  has 
been  very  uneven,  the  year  resembling  in  this  respect  1891. 
During  the  four  months  from  February  to  May,  inclusive, 
the  flow  was  23  per  cent,  above  the  average,  and  greater 
than  in  all  but  three  of  the  previous  eighteen  years.  On  the 
other  hand,  the  flow  for  the  six  months  from  June  to  Novem- 
ber, inclusive,  was  46  per  cent,  below  the  average  for  these 
months,  and  there  were  only  four  years  of  the  previous 
eighteen  when  the  flow  during  the  same  months  was  lower. 

A  year  of  this  unusual  character  affects  very  differently 
different  classes  of  water  supplies.  Those  communities  hav- 
ing sufficiently  capacious  ponds  or  reservoirs  to  store  the 
whole  amount  of  water  flowing  in  the  spring,  obtained  for 
use  about  the  average  yield  of  their  sources  of  water  supply ; 
while  those  provided  with  smaller  ponds  or  reservoirs,  so 
that  they  could  not  prevent  the  spring  flow  of  the  streams 
from  running  to  waste,  felt  much  more  severely  the  effect  of 
the  drought  of  the  succeeding  six  months.  The  city  of  Bos- 
ton practically  exhausted  the  water  in  its  Sudbury  River 
reservoirs,  but  the  fall  rains  fortunately  came  in  season  to 
prevent  any  shortage  of  water.  Mystic  Lake,  which  supplies 
Charlestown,  Somerville,  Chelsea  and  Everett,  was  reduced 
to  so  low  a  level  that  temporary  pumps  were  used  for  a  short 
time  to  pump  water  from  the  lake  into  the  aqueduct. 

These  are  only  examples  of  what  occurred  in  many  places 
in  the  State.  In  the  southern  part  of  the  State  there  was 
even  less  rain  than  in  the  eastern  part,  and  some  places,  of 
which  Southbridge  and  Uxbridge  may  be  mentioned  as  ex- 
amples, entirely  exhausted  the  water  from  their  usual  sources 
of  supply,  and  were  obliged  to  resort  to  pumping  water  from 
the  neighboring  rivers,  thus  introducing  into  the  pipes  water 
of  undesirable  quality. 
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The  State  Board  of  Health  was  authorized  and  directed, 
by  chapter  459  of  the  Acts  of  1893,  to  investigate,  consider 
and  report  to  the  Legislature  of  1895  upon  the  question  of  a 
water  supply  for  the  city  of  Boston  and  its  suburbs  within  a 
radius  of  ten  miles  from  the  State  House,  and  for  such  other 
cities  and  towns  as  in  its  opinion  should  be  included  in  con- 
nection therewith. 

The  experience  of  the  past  year  has  emphasized  the  urgent 
need  of  a  new  water  supply  for  this  district,  as  not  only  has 
the  water  supply  of  Boston  and  the  district  supplied  from 
Mystic  Lake  been  nearly  exhausted,  as  above  indicated,  but 
the  water  supplies  of  a  majority  of  the  places  in  the  Metro- 
politan district  have  been  in  a  similar  condition. 

The  Board  began  considering  the  subject  of  a  water  supply 
for  the  Metropolitan  district  seven  years  ago,  by  collecting 
information  of  a  general  character  with  regard  to  the  various 
sources  which  might  furnish  a  water  supply  for  this  district, 
and  by  determining  the  exact  quality  of  the  water  of  the 
different  sources  by  a  series  of  analyses  covering  a  period  of 
two  years  or  more. 

Owing  to  these  preliminary  studies,  the  Board  was  enabled 
to  begin  at  once,  after  the  passage  of  the  act  above  mentioned, 
to  enlarge  its  staff  of  engineers,  and  to  make  surveys  and 
examinations  with  a  view  to  determining  definitely  the  ca- 
pacity of  different  sources  and  the  cost  of  obtaining  a  water 
supply  from  them. 

While  it  is  too  early  to  present  any  conclusions  regarding 
the  best  source  of  water  supply  for  the  district,  it  may  be 
said  that  the  investigations  made  up  to  the  present  time 
indicate  that  an  abundant  supply  of  good  water  for  the 
Metropolitan  district  may  be  obtained  without  excessive 
expenditure. 

The  comparatively  low  stream-flow  of  the  last  three  years 
has  made  the  question  of  additional  water  supplies  for  many 
towns  extremely  urgent,  and  the  advice  of  the  Board  as 
regards  the  capacity  and  fitness  of  new  sources  of  supply 
has  been  repeatedly  sought.  The  constantly  increasing 
fund  of  information  which  the  Board  is  acquiring  through 
its  staff  of  engineers,  chemists  and  biologists,  concerning 
the  characters  of  the  natural  waters  of  the  State,  puts  it  in 
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position  to  give  advice,  in  many  cases,  with  a  certainty  and 
promptness  that  was  not  possible  before  these  investigations 
were  undertaken. 

The  chemical  and  microscopical  analyses  of  the  waters  of 
the  State  have  been  continued  during  the  year  1893,  1,731 
samples  of  water  having  been  examined.  These  examina- 
tions include  many  of  the  regular  water  supplies  of  the 
State,  but  a  very  much  larger  number  of  examinations  than 
ever  before  has  been  made  of  waters  proposed  for  new  sup- 
plies of  cities  and  towns. 

Following  is  a  classified  list  of  the  waters  examined  during 
the  year :  — 

From  open  and  covered  reservoirs  for  the  storage  of 

groundwaters, 26 

From  ground-water  supplies, 294 

Special  investigations  of  regular  water  supplies  af- 
fected by  tastes,  odors,  etc., 16 

From  ponds  and  storage  reservoirs  and  their  inlets,   .  578 

From  streams  and  miscellaneous  sources,    .        .        .  127 

Total  from  regular  water  supplies, 1,041 

In  connection  with  investigations  of  new  sources  of 
water  supply, 230 

With  reference  to  pollution  of  streams,       .        .        .  155 

With  reference  to  sewage  purification  at  Framingham, 
Marlborough,  Gardner,  Medfield,  Westborough, 
Lenox,  Amherst  and  Wellesley,       ....  251 

In  connection  with  the  study  of  epidemics, ...  18 

Miscellaneous, 36 

—         690 

Total, 1,731 

The  microscopic  vegetable  and  animal  organisms  have 
been  determined  as  usual  in  all  the  waters  which  have  been 
examined  chemically,  and  our  knowledge  of  the  connection 
between  these  organisms  and  the  tastes  and  odors  of  the 
waters,  has  been  somewhat  increased. 

The  continued  investigation  of  the  efficiency  of  sewage 
purification  throughout  the  State  by  the  chemical  and  bio- 
logical examination  of  sewages  and  effluents,  and  by  the 
mechanical  analysis  of  soils,  has  afforded  important  results, 
which,  taken  in  connection  with  the  experimental  work  at 
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the  Board's  Experiment  Station  at  Lawrence,  can  be  directly 
utilized  in  determining  rules  of  practice  for  the  purification  of 
sewage  by  intermittent  filtration  on  a  large  scale.  A  very 
large  number  of  examinations  of  sewage  and  effluents  has  been 
made  from  the  purification  fields  at  Framingham,  Marlbor- 
ough, Gardner,  Medfield,  Westborough,  Lenox  and  Wellesley. 
No  sanitary  question  is  of  greater  or  more  immediate  im- 
portance than  the  disposal  and  purification  on  land,  of  the 
sewage  of  cities  and  towns.  To  do  this  effectively  and  harm- 
lessly, an  intelligent  control  of  the  process  is  needed  for 
each  situation. 

In  connection  with  the  study  of  new  sources  of  supply,  a 
large  number  of  ground  waters  has  been  examined,  with  the 
result  of  adding  much  to  our  knowledge  of  the  subterranean 
waters  of  the  State.  In  the  report  for  1892  attention  was 
directed  to  the  presence  of  iron  in  some  ground  waters, 
which  made  them  very  objectionable  for  domestic  use. 
During  the  past  year  the  metal  manganese  has  been  found  in 
well  waters  at  Watertown  in  considerable  amount,  associated 
with  organic  matter.  The  sanitary  significance  of  this  occur- 
rence has  yet  to  be  determined. 

In  previous  reports  of  the  Board  attention  has  more  than 
once  been  drawn  to  the  fact  that  the  deeper  layers  of  water 
in  ponds  wero  stagnant  during  the  warmer  months,  and  that 
when  the  bottom  of  the  pond  or  reservoir  contained  decom- 
posable organic  matter  the  water  near  the  bottom  became 
very  foul  with  the  products  of  putrefaction.  In  the  case  of 
Lake  Winnipiseogee,  samples  taken  during  August  at  a  depth 
of  110  feet  from  the  surface  showed  the  water  to  be  of  the 
same  quality  and  composition  at  the  bottom  as  at  the  surface. 

Analyses  of  soils  from  a  proposed  storage  reservoir  have 
been  made  to  determine  the  amount  of  stripping  which  would 
be  necessary  to  remove  all  the  organic  matter  from  the  sur- 
face before  filling  the  reservoir  with  water.  The  cleaning 
of  the  bed  and  sides  of  a  reservoir  is  now  known  to  be  essen- 
tial if  the  water  contained  in  it  is  to  be  preserved  free  from 
putrefactive  products  in  summer;  but  the  depth  to  which 
the  surface  soil  should  be  removed  can  be  best  learned  by  a 
direct  determination  of  the  organic  matter  in  the  different 
layers.  The  results  of  the  analyses  in  this  case  are  interest- 
ing and  valuable. 
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An  extended  series  of  analyses  of  the  water  of  the  lower 
Charles  River  has  been  made  during  the  year  to  determine 
the  amount  of  its  pollution  by  sewage  and  manufacturing 
wastes,  and  also  to  determine  the  influence  of  the  flood  tide 
in  backing  up  the  impure  water. 

During  the  year  the  artificial  ice  made  for  sale  in  the  State 
has  been  investigated,  chemically  and  biologically.  A  special 
report  on  the  subject  was  made  to  the  General  Court  on  May 
16,  1893. 

Of  the  sewage  filters  at  the  experiment  station,  several  of 
those  that  had  been  in  use  for  five  or  six  years  had  for  a  year 
or  more  been  subject  to  treatment  known  to  be  unlikely  to  give 
the  best  results,  but  tried  for  the  purpose  of  learning  the 
result  of  peculiar  methods  of  treatment,  and  the  effluent  was 
not  as  well  purified  as  in  former  years.  Upon  restoring  the 
old  filters  to  their  normal  condition  and  treating  them  by  the 
methods  which  had  been  found  most  favorable  for  complete 
purification  they  resumed  their  former  ability,  and  gave  as 
satisfactory  effluents,  both  in  quality  and  quantity,  as  in  for- 
mer years. 

In  the  filtration  of  sewage  remarkable  results  have  been 
obtained  through  the  past  year,  by  first  filtering  sewage  very 
Tapidly  (nearly  five  hundred  thousand  gallons  per  acre  daily) 
through  gravel  stones  through  which  air  was  also  being  con- 
stantly drawn ;  and  then  again  filtering  this  effluent  through 
sand  at  the  rate  of  about  one  million  gallons  per  acre  daily. 
By  the  first  filtering  about  82  per  cent,  of  the  albuminoid 
ammonia  and  the  same  percentage  of  the  bacteria  were  re- 
moved ;  and  at  the  end  of  the  second  filtering  there  remained 
in  the  effluent  but  2J  per  cent,  of  the  albuminoid  ammonia 
of  the  sewage  and  but  two  one-hundredths  of  1  per  cent,  of 
the  bacteria.  By  this  method  of  first  burning  up  the  sludge 
by  the  help  of  the  current  of  air  drawn  through  the  gravel 
stones  nearly  three  times,as  much  sewage  may  be  nitrified 
and  purified  with  a  given  area  of  surface  as  has  been  previ- 
ously purified  by  sand  filtration. 

It  is  desirable  that  experiments  upon  this  method  of  filtra- 
tion be  continued  and  its  limits  determined. 

Very  good  effluents  have  also  been  obtained  by  rapid  filtra- 
tion through  sand  of  the  supernatant  liquid  after  sewage  has 
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settled  naturally  and  after  the  sludge  has  been  precipitated 
by  chemicals. 

In  water  filtration  very  satisfactory  results  in  the  removal 
of  bacteria  have  been  obtained  when  filtering  at  much  higher 
rates  than  formerly,  even  up  to  nine  million  gallons  per  acre 
daily.  These  results  indicate  the  desirability  of  further  ex- 
periments to  determine  under  what  conditions  satisfactory 
removal  of  disease  germs  may  be  assured  when  filtering  at 
more  rapid  rates. 


ADVICE  TO  CITIES  AND  TOWNS. 

Under  the  provisions  of  chapter  375  of  the  Acts  of  1888, 
entitled  "  An  Act  to  protect  the  purity  of  inland  waters, 
and  to  require  consultation  with  the  State  Board  of  Health 
regarding  the  establishment  of  systems  of  water  supply, 
drainage  and  sewerage,"  the  Board  is  required  "from  time 
to  time  to  consult  with  and  advise  the  authorities  of  cities 
and  towns,  or  with  corporations,  firms  or  individuals  either 
already  having  or  intending  to  introduce  systems  of  water 
supply,  drainage  or  sewerage,  as  to  the  most  appropriate 
source  of  supply,  the  best  practicable  method  of  assuring  the 
purity  thereof  or  of  disposing  of  their  drainage  or  sewage, 
having  regard  to  the  present  and  prospective  needs  and  in- 
terests of  other  cities,  towns,  corporations,  firms  or  individuals- 
which  may  be  affected  thereby.  It  shall  also  from  time  to 
time  consult  with  and  advise  persons  or  corporations  en- 
gaged or  intending  to  engage  in  any  manufacturing  or  other 
business,  drainage  or  sewage  from  which  may  tend  to  cause 
the  pollution  of  any  inland  water,  as  to  the  best  practicable 
method  of  preventing  such  pollution  by  the  interception, 
disposal  or  purification  of  such  drainage  or  sewage  :  provided, 
that  no  person  shall  be  compelled  to  bear  the  expense  of 
such  consultation  or  advice,  or  of  experiments  made  for  the 
purposes  of  this  act.  All  such  authorities,  corporations, 
firms  and  individuals  are  hereby  required  to  give  notice  to 
said  Board  of  their  intentions  in  the  premises,  and  to  submit 
for  its  advice  outlines  of  their  proposed  plans  or  schemes  in 
relation  to  water  supply  and  disposal  of  drainage  and  sewage; 
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and  all  petitions  to  the  Legislature  for  authority  to  introduce 
a  system  of  water  supply,  drainage  or  sewerage  shall  be  ac- 
companied by  a  copy  of  the  recommendation  and  advice  of  the 
said  Board  thereon" 

During  the  year  1893  the  Board  has  given  its  advice  to 
the  following  cities,  towns,  corporations  and  individuals  who 
have  applied  for  such  advice  under  the  provisions  of  the 
general  act  of  1888,  or  under  special  acts  relating  to  water 
supply  and  sewerage. 

Replies  were  made  during  the  year  to  applications  made 
from  the  following  sources  for  advice  relative  to  water 
supply:  Arlington,  Canton,  Chester,  Fairhaven,  Falmouth 
Heights,  Holyoke,  Hyde  Park,  Kingston,  Lawrence,  Lex- 
ington,  Lowell,  Lynn,  Marlborough,  Medford,  Melrose  (three 
replies),  Mendon,  Methuen  (two  replies),  Newburyport 
(two  replies),  North  Andover,  Peabody,  Rockport,  Salem, 
Saundersville  (Grafton),  Scituate,  Sharon,  Southbridge  (two 
replies),  South  Deerfield,  Stoughton,  Uxbridge,  Wakefield, 
Walpole  (two  replies),  Waltham,  Webster,  Westborough, 
West  Springfield,  Whitman. 

Replies  relating  to  sewerage  and  sewage  disposal  were 
made  in  response  to  applications  from  the  following  sources : 
Andover,  Attleborough,  Braintree,  Brockton  (two  replies), 
Framingham,  Holyoke,  Leicester  (three  replies),  North 
Brookfield,  Pittsfield,  Plymouth,  Spencer  and  Westborough* 


Water  Supply. 

The  following  is  the  substance  of  the  action  of  the  Board 
in  reply  to  applications  for  advice  relating  to  water  supply :  — 

Arlington.  The  committee  on  water  supply  of  the 
town  of  Arlington  applied  to  the  State  Board  of  Health,  Dec. 
24,  1892,  for  advice  relative  to  the  best  method  of  obtaining 
a  water  supply  for  the  higher  portions  of  the  town,  which 
cannot  be  supplied  from  the  present  service,  and  of  improv- 
ing the  quality  of  the  present  supply.  The  attention  of  the 
Board  was  particularly  called  to  a  plan  for  pumping  water 
from  driven  wells,  on  the  borders  of  the  great  meadows  and 
near  the  East  Lexington  railroad  station,  to  a  reservoir  at  a 
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sufficient  height  to  supply  the  high  portions  of  the  town. 
The  Board  replied  as  follows :  — 

Boston,  Feb.  10, 1893. 

In  order  to  ascertain  the  quality  of  water  from  these  wells,  the 
Board  has  caused  analyses  to  be  made  of  the  five  samples  sent  in 
by  you.  These  samples  showed  the  presence  of  an  unusually  large 
amount  of  free  ammonia  for  a  ground  water  and  a  larger  amount 
of  iron  than  is  commonly  found,  both  of  which  were  probably  due 
to  the  proximity  of  the  wells  to  the  Great  Meadows.  Notwith- 
standing these  characteristics,  if  the  water  drawn  from  this  source 
should  continue  to  be  as  good  as  the  samples,  there  is  no  doubt 
that  it  would  be  satisfactory  for  all  water-supply  purposes,  and 
very  much  better  than  the  water  at  present  supplied  to  Arlington. 
The  great  danger,  however,  is  that  with  continued  pumping  the 
water  will  be  derived  to  an  increased  extent  from  the  meadow  by 
filtration  through  the  peaty  material,  and  will  deteriorate  and  be- 
come unsatisfactory. 

It  is  obvious  from  an  inspection  of  the  locality  where  the  wells 
are  driven  that  very  little  if  any  water  can  come  from  the  easterly 
or  down  stream  side  of  the  wells  owing  to  the  presence  of  rock  and 
other  impervious  material,  and  the  fall  of  the  ground  in  this  direc- 
tion. In  other  directions  from  the  wells  the  character  of  the  up- 
land which  might  contribute  ground  water  to  them  is  such  that  a 
large  portion  of  the  water  flows  off  into  the  meadows,  and  only  a 
comparatively  small  amount  soaks  into  the  ground,  near  enough  to 
the  wells  so  that  it  will  percolate  directly  to  them.  If  any  large 
quantity  of  water  is  to  be  obtained  from  the  wells,  the  supply  must 
necessarily  be  derived  from  the  meadow  by  the  filtration  of  water 
through  it  into  the  ground  beneath,  and  under  such  circumstances 
it  is  extremely  doubtful  if  the  supply  will  continue  to  be  of  satis- 
factory quality. 

With  regard  to  the  quantity  of  water  to  be  derived  from  this 
source,  the  character  of  the  material  encountered  by  the  test  wells 
and  the  results  obtained  by  the  pumping  test  seem  to  indicate  that 
the  ground  In  the  immediate  vicinity  of  the  wells  is  of  favorable 
character  for  obtaining  a  ground  water  supply.  The  tests  have 
not  been  sufficiently  extended,  however,  to  determine  from  how 
large  a  territory  wells  at  this  place  will  draw  water  or  how  much 
water  can  probably  be  obtained  from  this  source.  Even  if  the 
wells  should  draw  water  from  a  very  considerable  distance,  so  that 
all  the  water  now  coming  into  the  Great  Meadows  could  be  utilized, 
the  average  daily  supply  in  a  dry  year  could  hardly  be  expected  to 
exceed  200,000  gallons  per  day ;  but  if  the  water  filtering  through 
the  peaty  material  of  the  Great  Meadows  should  prove  to  be  of 
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satisfactory  quality  the  supply  might  be  increased  by  diverting- 
into  the  meadows  some  of  the  water  from  the  upper  half  of  the 
main  watershed,  which  would  otherwise  run  to  waste  during  the 
spring  over  the  dam  of  the  main  reservoir. 

Taking  everything  into  consideration  the  Board  is  of  opinion 
that  the  chances  are  against  getting  a  satisfactory  supply  from  the 
proposed  source  either  as  regards  quantity  or  quality,  though  some 
of  the  doubts  which  now  exist  might  be  removed  by  more  thorough 
tests  of  this  source  if  it  were  thought  advisable  to  make  them. 

In  view  of  the  unfavorable  outlook  for  obtaining  a  satisfactory 
supply  from  the  source  already  tested  near  the  Great  Meadows, 
the  Board  has  caused  examinations  to  be  made  by  its  engineer  of 
other  portions  of  the  watershed  from  which  your  water  supply  is- 
derived.  Judging  from  the  surface  indications  he  finds  that  some 
of  the  land  in  the  vicinity  of  the  main  brook  which  feeds  your 
reservoir  promises  to  furnish  a  larger  supply  of  ground  water  of 
good  quality  than  any  other  place  upon  the  watershed,  and  the 
Board  would  therefore  advise  that  you  make  further  tests  in  thia 
vicinity.  It  is  desirable  to  locate  a  well  or  wells  quite  a  long  dis- 
tance, say  one-fourth  of  a  mile  or  more,  above  the  present  reser- 
voir but  not  so  far  up  stream  as  to  be  above  the  ridge,  through  a 
cutting  in  which  Munroe  Brook  flows  into  the  stream  which  sup- 
plies your  reservoir.  It  is  also  desirable  to  avoid  the  immediate 
vicinity  of  any  large  swamp,  and  to  select  a  place  where  the  porous 
material  from  which  water  can  be  pumped  freely  extends  to  a  con- 
siderable depth,  say  from  thirty  to  fifty  feet. 

In  addition  to  the  question  of  obtaining  a  supply  from  the 
ground  your  application  also  refers  to  the  deepening  of  the  present 
reservoir  with  a  view  to  improving  the  quality  of  the  water. 

The  disagreeable  character  of  the  water  drawn  from  the  reser- 
voir at  times  last  year  and  also  on  previous  occasions  is  caused  by 
the  growth  and  decay  of  minute  vegetable  forms,  and  these  in  turn 
grow  in  greater  abundance  when  the  water  contains  an  abundant 
supply  of  nitrogenous  food.  Experience  has  shown  that  this  sup- 
ply of  food  may  be  derived  from  organic  matter  in  the  bottom  of 
the  reservoir  or  it  may  come  into  the  reservoir  in  the  water  which 
supplies  it.  In  the  present  case  the  supply  of  food  for  these  mi- 
nute organisms  may  be  derived  from  both  these  sources,  as  there 
is  a  considerable  amount  of  organic  matter  in  the  bottom  of  the 
reservoir,  and  analyses  show  that  the  water  of  the  brook  entering 
the  reservoir  contains  a  liberal  supply  of  nitrogen,  a  result  which 
might  be  expected  from  the  population  upon  the  watershed  and 
the  heavy  manuring  of  portions  of  it. 

The  removal  of  all  mud  from  the  reservoir  and  the  deepening  of 
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the  shallower  portions  would  undoubtedly  have  a  decided  tendency 
to  improve  the  character  of  the  water.  Of  these  improvements, 
however,  the  removal  of  the  mad  is  of  greater  importance  than  the 
deepening  of  the  shallower  portions  of  the  reservoir  where  it  has  a 
gravelly  bottom ;  still,  both  of  them  are  very  desirable.  There  can 
be  no  certainty,  however,  of  any  radical  change  for  the  better  in 
the  quality  of  the  water,  as  these  improvements  would  only  remove 
one  of  the  causes  of  the  minute  vegetable  growths. 

Canton.  The  water  commissioners  of  Canton  requested 
the  advice  of  the  State  Board  of  Health,  March  29,  1893,  as 
to  the  propriety  of  taking  an  additional  supply  of  water  from 
the  valley  of  Beaver  Brook.  To  this  application  the  Board 
replied  as  follows :  — 

Boston,  June  2, 1893. 

The  State  Board  of  Health  has  considered  your  application  with 
regard  to  an  additional  water  supply,  to  be  taken  from  the  valley  of 
Beaver  Brook  above  your  present  pumping  station,  in  accordance 
with  the  report  of  your  engineer,  submitted  with  said  application. 

The  report  above  mentioned  contains  the  results  of  investigations 
made  at  various  points  in  the  valley  of  Beaver  Brook  above  the 
present  pumping  station.  The  nearest  point  at  which  the  investi- 
gations indicated  the  existence  of  a  valuable  additional  supply  is 
half  a  mile  above  the  present  pumping  station,  in  an  extensive 
meadow  and  swamp  lying  above  Pleasant  Street.  Other  investi- 
gations were  made  about  a  mile  above  the  pumping  station  in  what 
are  known  as  the  Ponkshire  Meadows  and  from  this  point  up  to 
the  vicinity  of  the  Henry  Springs,  so  called,  and  the  question  of 
taking  an  additional  supply  from  Dead  Meadow  Brook  and  from 
York  Pond,  which  lies  at  the  head  of  Beaver  Brook,  was  also  con- 
sidered. 

All  of  these  sources  except  the  Ponkshire  Meadows  may  furnish 
a  valuable  additional  supply  in  the  future,  but  the  investigations 
in  the  meadow  above  Pleasant  Street  indicate  that  a  sufficient  ad- 
ditional supply  of  good  water  for  the  present  may  be  obtained  from 
this  source  alone. 

The  plan  proposed  by  your  engineer  to  meet  all  present  require- 
ments consists  of  a  large  collecting  well  about  2,600  feet  above  the 
present  well,  and  connected  with  it  by  means  of  a  twelve-inch  pipe 
laid  at  a  considerable  depth  below  the  surface  of  the  ground.  It 
is  also  proposed  by  him  to  extend  pipes  above  the  new  well  and  to 
connect  driven  wells  with  them  to  furnish  additional  water. 

Ten  test  wells  were  driven  in  the  immediate  vicinity  of  the  pro- 
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posed  collecting  well  and  at  varying  distances  from  it,  and  samples 
of  water  from  a  portion  of  these  wells  have  been  analyzed  by  the 
State  Board  of  Health.  The  tests  in  this  vicinity  indicate  the  ex- 
istence of  porous  layers  beneath  the  surface,  through  which  water 
will  flow  freely;  and  the  samples  of  water  collected  in  the  im- 
mediate vicinity  of  the  proposed  collecting  well  were  of  excellent 
quality.  At  a  distance  of  a  few  hundred  feet  from  this  location, 
.however,  one  sample  was  collected  which  contained  enough  iron  to 
make  the  water  objectionable  for  domestic  uses,  and  at  a  somewhat 
greater  distance  in  another  direction  an  unsatisfactory  water  was 
obtained.  There  is  therefore  some  doubt  whether  the  water  at  the 
location  of  the  collecting  well  will  maintain  its  present  good  quality 
when  a  continuous  draft  on  the  well  causes  the  water  to  flow  to 
this  point  from  all  directions.  The  tests  above  the  collecting  well 
Are  limited  in  number  and  do  not  enable  any  definite  judgment  to 
be  formed  as  to  the  character  of  the  water  to  be  obtained  from  the 
wells,  which,  according  to  the  proposed  plan,  are  to  be  driven  to 
supplement  the  supply  from  the  collecting  well. 

Taking  the  investigations  made  in  this  vicinity  as  a  whole,  they 
seem  to  indicate  that  it  will  be  feasible  to  obtain  a  satisfactory 
supply  of  water,  but  they  do  not  indicate  definitely  how  large  a 
territory  will  furnish  good  water,  or  whether  the  territory  which 
furnished  samples  of  good  water  will  continue  to  furnish  water  of 
the  same  quality  when  a  continuous  draft  is  made  upon  it,  nor  can 
the  permanent  quality  of  the  water  be  thoroughly  tested  except  by 
producing  this  continuous  draft,  which  may  be  done  either  by 
driving  wells,  connecting  them  together  and  pumping  from  them 
for  a  long  time,  or  by  laying  the  proposed  main  pipe  and  connect- 
ing the  driven  wells  with  it  so  that  they  will  flow  continuously. 
The  cost  of  a  pumping  test  would  be  so  large,  without  adding  any- 
thing of  permanent  value  to  the  works,  that  the  Board  advises  the 
laying  of  the  main  pipe  as  proposed  by  your  engineer,  and  the  con- 
nection with  it  of  driven  wells,  substantially  as  proposed  by  him, 
in  the  territory  where  the  best  water  can  be  obtained,  and  one  or 
two  driven  wells  at  the  site  of  the  proposed  collecting  well,  but  it 
would  not  advise  the  construction  of  the  collecting  well  until  the 
test  wells  in  its  vicinity  had  shown  by  running  a  long  time,  say  six 
months  or  a  year,  that  the  water  from  them  was  not  deteriorating 
in  quality.     After  such  test  the  collecting  well  could  be  constructed. 

Chester.  The  committee  on  water  supply  of  the  town  of 
Chester  applied  to  the  State  Board  of  Health,  April  25, 1893, 
for  its  advice  relative  to  taking  the  water  of  Austin,  Walker 
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and  Blandford  brooks,  in  the  towns  of  Chester  and  Becket, 
and  of  Horn  Pond  in  the  town  of  Becket.  The  Board  replied 
as  follows :  — 

Boston,  June  1, 1893. 

In  response  to  your  application  of  April  25,  1893,  the  State 
Board  of  Health  has  caused  an  examination  to  be  made  of  four 
sources  of  water  supply  for  Chester,  namely,  the  Austin,  Blandford, 
and  Walker  brooks  in  Chester  and  Becket,  and  Horn  Pond  in 
Becket. 

Samples  of  water  from  all  of  these  sources,  collected  by  you 
May  22,  have  been  analyzed.  All  four  samples  are  very  soft  and 
there  is  no  choice  between  them  in  this  respect.  In  all  other  re- 
spects the  analyses  of  samples  from  the  Austin  and  Blandford  brooks- 
indicate  that  these  waters  are  very  nearly  alike  in  quality,  with  a 
slight  advantage  in  favor  of  the  Austin  Brook,  and  that  they  are 
decidedly  better  than  the  waters  of  Walker  Brook  or  Horn  Pond. 
An  examination  of  Austin  Brook  shortly  after  a  heavy  rain  showed 
only  a  moderate  amount  of  turbidity  in  its  water,  and  the  absence 
of  houses  and  roads  upon  its  watershed  are  a  point  in  its  favor. 
It  is  therefore  a  very  desirable  source  of  supply  to  the  extent  of 
its  capacity.  There  is  obviously  no  reason  to  doubt  that  it  will 
furnish  the  town  with  an  ample  supply  of  water  for  all  ordinary 
water  supply  purposes  except  during  very  dry  seasons,  and  judging 
from  the  yield  of  other  mountain  streams,  in  proportion  to  the  ter- 
ritory drained  by  them,  it  will  furnish  a  sufficient  quantity  of 
water  even  at  such  times  for  these  purposes. 

The  Blandford  Brook  at  its  mouth  has  a  watershed  about  one- 
half  greater  than  that  of  the  Austin  Brook,  and  in  the  absence  of 
definite  knowledge  its  summer  flow  may  be  assumed  to  be  one-half 
greater  than  that  of  the  Austin  Brook. 

The  sample  of  water  from  the  Walker  Brook  was,  as  before  indi- 
cated, not  as  good  as  those  from  the  Austin  and  Blandford  Brooks ; 
still  it  would  be  classed  as  a  satisfactory  water  in  towns  where 
there  are  not  so  many  opportunities  for  getting  a  first-class  water, 
and  there  is  no  reason  now  known  to  the  Board  why  it  should  not 
be  resorted  to  should  the  other  sources  fail  in  very  dry  times  to 
furnish  a  sufficient  supply.  At  such  times  it  seems  probable  that 
the  water  from  this  brook  might  be  as  good  as  that  from  the  others, 
but  more  definite  information  upon  this  point  can  be  obtained  by 
collecting  and  analyzing  a  sample  of  water  from  the  brook  when 
at  a  low  stage. 

The  sample  from  Horn  Pond  indicates  that  at  the  time  of  its 
collection  the  water  of  this  source  was  better  than  that  of  the 
Walker  Brook,  but  not  nearly  as  good  as  that  of  the  other  brooks. 


No.  34.]     ADVICE  TO  CITIES  AND  TOWNS.  17 

The  water  of  ponds  and  other  quiet  bodies  of  water  is  liable  to  be 
affected  at  times  by  growths  of  minute  organisms  which  affect  the 
taste  and  odor  of  the  water,  and  which,  though  not  known  to  be 
injurious  to  health,  may  at  such  times  render  the  water  unpalat- 
able. This  source  would  furnish  a  sufficient  quantity  of  water, 
but  owing  to  the  reasons  above  indicated  and  to  the  larger  cost  of 
taking  water  from  it  on  account  of  its  greater  distance  from  Ches- 
ter, it  does  not  seem  to  be  a  desirable  source  for  the  town  to  adopt. 
In  the  following  suggestions  as  to  the  source  to  be  adopted  and 
the  general  plan  of  works  the  Board  necessarily  bases  its  judgment 
on  facts  deduced  from  observations  made  in  other  places,  and  these 
suggestions  may  therefore  require  modification  on  account  of  the 
local  conditions  affecting  the  minimum  flow  of  these  streams,  of 
which  the  Board  now  has  no  definite  knowledge.  The  suggestions 
are  that  Austin  Brook  should  be  adopted  as  a  source  of  supply  in 
any  case,  and  that  if  a  larger  amount  of  water  than  it  will  supply 
is  needed  it  should  be  taken  from  the  Blandford  Brook  near  its 
mouth.  If  a  still  further  supply  should  ever  be  needed,  which 
would  occur  only  during  very  extreme  droughts,  if  at  all,  it  should 
be  taken  from  Walker  Brook.  Should  water  be  taken  from  both 
the  Austin  and  Blandford  brooks  it  would  be  desirable  to  place 
the  inlet  at  the  former  slightly  higher  than  at  the  latter  so  as  to 
insure  taking  the  supply  from  the  Austin  Brook  whenever  it  will 
furnish  a  sufficient  quantity  of  water,  and  thereby  prevent  the 
entrance  of  the  water  from  the  Blandford  Brook  whenever  it  is 
affected  by  the  wash  from  the  road  near  it. 

Fairhaven.  The  authorities  of  Fairhaven  applied  to  the 
Board,  March  10,  for  advice  in  regard  to  introducing  a  water 
supply  from  driven  wells  in  the  easterly  part  of  the  town,  to 
which  the  Board  replied  as  follows :  — 

Boston,  May  5, 1893. 
The  State  Board  of  Health  has  considered  your  application  dated 
March  10,  1893,  relative  to  a  proposed  water  supply  for  the  town 
of  Fairhaven,  to  be  taken  from  driven  wells  in  the  valley  of  the 
Nasketucket  River,  a  small  stream  situated  about  one  and  a  half 
miles  east  of  the  town.  At  this  place  six  test  wells  have  been 
driven  and  are  now  flowing.  Samples  of  water  collected  from 
three  of  these  wells  have  been  analyzed.  The  analysis  of  the 
water  from  the  northeasterly  well  showed  it  to  be  a  very  pure  and 
very  soft  water,  while  the  samples  from  one  of  the  intermediate 
wells  and  from  the  southwesterly  well  indicated  water  that  had  at 
some  time  been  polluted  and  again  purified  by  filtration  through 
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the  ground.  As  there  are  very  few  houses  anywhere  near  the  wells 
and  the  whole  watershed  is  very  sparsely  settled,  the  inference  to 
be  drawn  from  these  results  is  that  the  southerly  wells  intercept  a 
vein  of  water  which  has  passed  near  one  of  the  nearer  farmhouses. 
These  results  should  not  lead  to  the  rejection  of  this  source  on  the 
score  of  quality,  because,  not  only  is  the  water  purified  by  its  pas- 
sage through  the  ground,  but  it  is  not  improbable  that  when  water 
is  pumped  from  this  source  continuously  it  will  assume  much  more 
nearly  the  character  of  the  water  now  flowing  from  the  northeast- 
erly well.  It  would  be  advisable,  however,  in  any  case,  if  a  supply 
is  taken  from  this  source,  to  determine  from  which  farmhouse  the 
polluting  matter  now  enters  the  ground,  and  prevent  such  pollution, 
rather  than  depend  upon  the  purifying  power  of  the  ground. 

With  regard  to  the  quantity  of  water  to  be  derived  from  wells  in 
this  locality,  the  tests  made  up  to  the  present  time  do  not  appear 
to  be  conclusive  as  to  whether  the  supply  will  be  sufficient  for  the 
town  for  any  considerable  time  in  the  future.  Taking  into  account, 
however,  the  results  of  these  tests,  the  comparative  economy  of 
this  source  on  account  of  its  nearness  to  the  town  as  compared  with 
any  source  from  which  it  is  at  all  probable  that  a  satisfactory  sup- 
ply can  be  obtained,  the  opportunities  for  supplementing  the  supply 
whenever  necessary  from  the  Mattapoisett  River  valley,  and  the 
excellent  quality  of  the  water  which  the  proposed  source  may  be 
expected  to  furnish  with  proper  care  to  prevent  pollution,  the  Board 
is  of  opinion  that  this  source  is  a  proper  one  from  which  to  take  at 
the  present  time  a  water  supply  for  Fairhaven. 

It  has  been  found  by  experience  in  this  State  that  wells  encoun- 
tering ledge  within  20  to  30  feet  of  the  surface  do  not  furnish  as 
large  a  quantity  of  water  as  where  the  ledge  is  at  a  greater  depth, 
and  the  Board  therefore  advises  you  to  make  further  tests  of  the 
ground  in  this  vicinity  before  locating  the  permanent  wells  in  order 
to  ascertain  if  a  place  cannot  be  found  where  the  ground  is  porous 
enough  to  furnish  water  freely  and  where  the  ledge  is  at  a  greater 
depth  than  at  the  present  location. 

Falmouth  Heights.  The  Falmouth  Heights  Water  Com- 
pany applied  to  the  Board,  June  13,  for  advice  relative  to 
taking  a  supply  of  water  from  a  well  or  wells  on  the  premises 
of  the  company  at  Falmouth  Heights,  a  summer  resort  in 
Falmouth,  upon  Vineyard  Sound.  The  Board  replied  as 
follows :  — 

Boston,  July  6, 1893. 
In  reply  to  your  application  dated  June  13,  1893,  relative  to  a 
proposed  water  supply  for  the  summer  settlement  known  as  Fal- 
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mouth  Heights,  in  the  town  of  Falmouth,  the  State  Board  of  Health 
has  caused  an  analysis  to  be  made  of  a  sample  of  water  from  a  well 
sunk  in  one  of  the  parks  at  the  Heights,  a  few  hundred  feet  north 
of  Observatory  Hill,  and  finds  that  the  water  is  at  present  of  excel- 
lent quality  for  water  supply  purposes. 

Without  further  information  the  Board  is  unable  to  advise  in 
regard  to  the  quantity  of  water  that  can  be  obtained,  and  it  should 
be  examined  after  continued  use  that  its  permanent  character  may 
be  determined. 

Holyoke.  The  water  commissioners  of  Holyoke  applied 
to  the  Board,  June  13,  for  its  advice  relative  to  taking  the 
water  of  Munn  Brook,  in  the  town  of  Granville,  as  an  addi- 
tional water  supply  for  the  city.  The  Board  replied  to  this 
application  as  follows :  — 

Boston,  Oct.  5, 1893. 

The  State  Board  of  Health  received  from  you  on  June  13, 1893, 
an  application  for  advice  with  regard  to  an  additional  water  supply 
for  the  city  of  Holyoke,  accompanied  by  a  plan  for  taking  water 
from  Munn  Brook  in  the  town  of  Granville,  through  a  pipe  20 
inches  in  diameter,  to  Ashley  Pond,  one  of  the  present  sources  of 
water  supply  of  Holyoke. 

The  Board  has  caused  an  examination  of  the  watershed  of  Munn 
Brook  to  be  made,  also  an  analysis  of  a  sample  of  water  collected 
from  the  brook  near  the  proposed  point  of  taking. 

These  examinations  indicate  that  the  water  is  soft  and  naturally 
of  very  good  quality ;  but  it  is  at  present  polluted  at  a  few  points 
by  the  discharge  of  sewage  into  it. 

This  pollution  should  be  stopped  before  the  water  is  taken  for 
use,  and  as  an  additional  precaution  it  is  desirable  that  the  water 
should  be  diverted  into  Ashley  Pond  rather  than  be  allowed  to 
run  directly  from  the  stream  through  the  pipes  into  the  city. 

The  amount  of  water  which  this  source  will  furnish  with  a  20* 
inch  pipe  connection  to  Ashley  Pond  is  so  limited  that  the  Board 
would  advise  the  use  of  a  pipe  not  less  than  24  inches  in  diameter ; 
and  even  with  a  connection  of  this  size,  the  brook  will  not  furnish, 
in  very  dry  seasons,  a  sufficient  additional  supply  for  any  long 
term  of  years  in  the  future  if  the  city  continues  to  grow  as  it  has 
in  the  past,  unless  capacious  storage  reservoirs  are  built  upon  it  or 
its  branches. 

Certain  sites  for  reservoirs  have  been  indicated,  but  the  informa- 
tion furnished  with  regard  to  their  character,  capacity,  and  cost  is 
too  limited  to  warrant  an  opinion  as  to  whether  it  is  desirable  to 
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construct  them.  It  has  been  shown,  however,  that  it  is  feasible 
to  supplement  the  supply  to  be  obtained  from  Munn  Brook  by  a 
comparatively  short  connection  from  the  Westfield  Little  River ; 
so  that  if  Munn  Brook  should  prove  insufficient,  there  may  be  an 
opportunity  to  obtain  a  further  supply  from  this  river. 

The  Board  has  also  caused  an  examination  to  be  made,  in  a 
general  way,  of  other  available  sources,  among  which  may  be  men- 
tioned the  Westfield  Little  River  above  referred  to,  and  Bachelor 
Brook  in  Granby,  both  of  which  would  furnish  more  water  than 
Munn  Brook ;  the  former  by  gravity,  and  the  latter  by  pumping. 
.  Neither  of  the  three  sources  which  have  been  mentioned  had 
such  a  distinct  advantage  over  the  others  as  to  enable  the  Board  to 
advise,  with  the  information  now  available,  as  to  which  is  the  most 
appropriate  source  of  water  supply  for  Holyoke. 

It  is  obvious  that  a  further  water  supply  for  Holyoke  is  urgently 
needed ;  and  in  view  of  the  fact  that  an  adequate  additional  supply 
will  necessarily  require  a  large  expenditure  of  money,  the  Board 
advises  you  to  have  made,  as  promptly  as  possible,  with  the  assist- 
ance of  an  engineer  skilled  in  water  supply  investigation,  a  much 
more  thorough  investigation  of  the  available  sources  than  has  yet 
been  made. 

When  this  additional  information  is  received,  the  Board  will 
advise  you  further  in  this  matter. 

Accompanying  this  reply  will  be  found  a  table  of  analyses  of 
samples  of  water  collected  from  various  sources. 

The  water  of  streams  varies  so  much  from  time  to  time  that  it 
will  be  advisable  to  have  further  analyses  made  as  a  basis  for 
forming  a  judgment  as  to  the  relative  quality  of  water  from  the 
different  sources.  The  Board  will  cause  these  analyses  to  be  made, 
if  you  will  provide  for  collecting  the  samples. 

Hyde  Park.  The  Hyde  Park  Water  Company  applied 
to  the  Board,  May  26,  for  advice  as  to  the  propriety  of  in- 
creasing their  present  supply  of  water  by  the  use  of  driven 
wells  north  of  their  present  driven  well  system.  The  Board 
replied  to  their  application  as  follows :  — 

Boston,  Jane  14, 1893. 

The  State  Board  of  Health  has  received  and  considered  your 
application  dated  May  26,  1893,  asking  it  to  examine  and  report 
upon  the  quality  of  water  from  a  new  system  of  driven  wells, 
located  just  north  of  the  present  driven  well  system  in  Hyde  Park. 

Samples  of  water  have  been  collected  and  analyzed  from  three 
wells  of  this  system,  one  being  the  well  nearest  the  river,  another 
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a  well  near  the  middle  of  the  system,  and  a  third  the  well  farthest 
from  the  river.  These  samples  were  all  collected  by  pumping  with 
a  hand  pump.  The  water  from  the  well  nearest  the  river  (well 
No.  5)  gives  the  same  indications  of  imperfect  filtration  which  are 
characteristic  of  water  from  the  starch  factory  well,  though  not  to 
so  great  an  extent.  This  water  would  not  be  of  satisfactory 
quality  for  water  supply  purposes.  The  samples  from  the  inter- 
mediate well  and  from  the  one  farthest  from  the  river  (wells  Nos. 
14  and  36)  resemble  in  character  the  water  taken  from  your  present 
driven  well  system  five  or  six  years  ago  and  are  of  satisfactory 
quality.  Just  what  the  effect  will  be  of  continuous  pumping  from 
the  wells  which  now  furnish  good  water  cannot  be  foretold  with 
certainty.  The  general  experience  under  these  circumstances,  how- 
ever, is  that  the  water  will  deteriorate.  The  Board  would  therefore 
advise  that  if  you  take  any  water  from  the  new  system  of  wells 
each  well  should  be  provided  with  a  gate  so  that  it  can  be  shut  off 
if  it  furnishes  water  of  unsatisfactory  quality,  and  frequent  tests 
should  be  made  to  determine  whether  or  not  the  water  is  deterio- 
rating. 

It  is  very  desirable  that  in  increasing  your  supply  in  the  vicinity 
of  your  present  pumping  station  water  should  be  taken  from  the 
ground  as  far  from  the  river  as  suitable  porous  material  can  be 
found. 

Kingston.  The  water  commissioners  of  Kingston  ap- 
plied to  the  Board,  June  9,  for  its  advice  relative  to  increas- 
ing their  water  supply  by  taking  the  water  of  Jones  River, 
in  case  their  present  ground-water  supply  should  prove  insuf- 
ficient.    The  Board  replied  as  follows :  — 

Boston,  July  6,  1893. 

The  State  Board  of  Health  received  from  you  on  June  9,  1893, 
an  application  with  regard  to  using  water  from  Jones  River  this 
summer  for  an  additional  water  supply  if  the  supply  from  the  pres- 
ent well  and  filter-gallery  should  prove  insufficient. 

The  Board  caused  samples  of  water  collected  from  Jones  River 
at  Kingston  in  October,  1887,  and  in  February,  1890,  to  be  an- 
alyzed, and  these  analyses  indicate  that  the  water  has  a  rather 
dark  color,  owing  to  the  drainage  from  swamps  on  the  watershed, 
and  that  it  would  not  be  wholly  satisfactory  to  the  consumers  either 
in  taste  or  appearance.  With  regard  to  its  relation  to  the  health 
of  the  consumers  it  may  be  said  that  in  a  case  like  this  a  chemical 
analysis  of  the  water  is  not  a  trustworthy  guide.  The  experience 
of  the  Board  has  shown  that  a  running  stream  which  receives  sew- 
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age  above  the  point  where  the  water  is  taken  from  it  is  one  of  the 
most  dangerous  sources  of  water  supply ;  because,  if  the  infection 
of  any  specific  disease  is  turned  into  the  stream,  it  is  much  more 
likely  to  be  conveyed  to  the  water  works  intake  and  thence  to  the 
consumers  before  it  loses  its  virulence  than  if  the  sewage  entered 
a  large  pond  or  reservoir  where  there  is  no  current. 

The  advice  of  the  Board  is  therefore  that  the  town  of  Kingston 
should  not  use  the  water  of  Jones  River  even  temporarily  without 
first  ascertaining  by  an  actual  inspection  of  the  main  stream  and 
its  tributaries  that  no  sewage  is  turned  directly  into  them  ;  and  it 
is  the  further  opinion  of  the  Board  that  this  river  is  not  an  appro- 
priate source  from  which  to  take  a  permanent  water  supply  for 
Kingston. 

Lawrence.  Application  was  received  from  the  Lawrence 
water  board  for  information  in  regard  to  the  results  of 
filtration  of  the  water  supply  of  the  city  through  the  filter 
-covering  two  and  a  half  acres,  built  by  the  city  during  the 
past  year  at  an  expense  of  about  $65,000. 

The  water  supply  is  drawn  from  the  Merrimack  River 
about  nine  miles  below  the  entrance  of  the  sewage  of  the 
<sity  of  Lowell,  and  for  many  years  typhoid  fever  had  pre- 
vailed in  Lawrence  to  the  extent  of  three  times  the  average 
of  the  cities  of  the  State,  and  following  six  or  eight  weeks 
after  its  prevalence  in  Lowell. 

Under  date  of  December  5,  the  following  reply  was 
made:  — 

The  filter  bed  built  by  the  city  of  Lawrence  under  the  advice 
and  in  accordance  with  plans  of  the  State  Board  of  Health,  has 
been  steadily  purifying  the  water  supply  of  the  city  since  the 
twentieth  of  September. 

When  commencing  to  construct  the  filter,  you  were  advised 
that  "with  such  a  filter,  properly  managed,  the  experiments  of 
the  Board  of  Health  indicate  that  at  least  98  per  cent,  of  all  of  the 
bacteria  of  the  river  water  will,  under  all  circumstances,  be  re- 
moved." During  the  past  two  months  the  filter  has  been  removing 
this  percentage  of  all  the  bacteria  of  the  river  water,  but  this  is 
not  all  that  it  accomplishes ;  it  removes  a  large  part  of  the  organic 
matter  of  the  river  water  and  converts  it  to  mineral  matter,  thus 
removing  from  the  water  the  food  material  which  the  bacteria  live 
upon,  and  the  result  is  that  the  two  per  cent,  of  bacteria  remain- 
ing after  the  water  has  passed  through  the  filter  find  their  condi- 
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tions  of  life  so  unfavorable  that  they  decrease  as  the  water  goes 
on  through  the  reservoir  and  through  the  distributing  pipes,  until 
when  the  water  reaches  the  citizens  there  remains  but  one-half  of 
one  per  cent,  of  the  number  of  bacteria  in  the  river  water,  that 
is,  ninety-nine  and  one-half  per  cent,  of  all  have  been  removed. 

The  experiments  of  the  Board  indicate  that  the  small  number 
remaining  are  of  a  few  hardy  kinds  that  are  not  known  to  be  in 
any  way  injurious  to  health,  and  leave  the  strong  probability  that 
all  disease-producing  germs  have  been  removed. 

It  will  be  a  satisfaction  to  the  citizens  to  know  that  while  for 
the  past  five  years  the  number  of  deaths  by  typhoid  fever  in 
Lawrence  has  averaged  five  for  the  month  of  October  and  five  for 
the  month  of  November,  the  number  of  deaths  this  year  has  been 
only  one  for  each  of  these  months. 

Lexington.  The  water  company  of  Lexington  applied  to 
the  Board,  February  15,  for  its  advice  relative  to  an  addi- 
tional water  supply,  and  the  Board  replied  as  follows :  — 

Boston,  May  4,  1893. 

The  State  Board  of  Health  has  considered  your  application, 
dated  Feb.  15,  1893,  asking  the  advice  of  the  Board  in  regard  to 
an  additional  water  supply  for  the  town  of  Lexington.  This  ap- 
plication was  accompanied  by  the  report  of  the  civil  engineer 
employed  by  you  to  make  investigations  for  an  additional  water 
supply  for  the  town,  and  by  a  plan  prepared  by  him  of  proposed 
storage  reservoirs  on  Vine  Brook,  above  your  present  works.  The 
attention  of  the  Board  was  subsequently  called  by  you  to  the 
covered  gallery,  built  last  year,  for  the  collection  of  ground  water, 
in  the  sandy  plain  near  the  village,  and  connected  with  your  pres- 
ent ground  water  sources. 

Th2  report  of  your  engineer  relates  to  examinations  for  a  supply 
from  entirely  new  sources  as  well  as  to  augmenting  the  present 
supply  by  additional  works  within  the  territory  from  which  it  is 
derived.  The  examinations  for  new  sources  were  made  in  a 
westerly  or  north-westerly  direction  from  the  central  village  of 
Lexington,  in  territory  from  which  the  water  drains  toward  the 
Shawsheen  River  in  the  town  of  Bedford,  and  extended  to  a  point 
nearly  two  and  a  half  miles  from  the  village.  The  larger  streams 
within  this  territory  will  not  furnish  directly  a  water  of  satisfactory 
quality  for  the  purposes  of  a  public  water  supply,  and  the  smaller 
streams  at  the  points  where  the  water  is  good  will  furnish  so  little 
water  that  it  would  be  difficult,  if  not  impracticable,  to  obtain  from 
them  a  sufficient  quantity  of  water  for  Lexington.     The  test  wells 
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driven  under  the  direction  of  your  engineer  within  this  territory 
give  unfavorable  indications  with  regard  to  obtaining  a  satisfactory 
ground  water  supply  from  it. 

The  difficulty  of  obtaining  a  supply  from  any  new  source  about 
Lexington,  as  indicated  by  the  special  examinations  of  your  en- 
gineer in  the  territory  mentioned,  and  a  general  examination  of 
other  possible  sources,  seems  to  warrant  the  adoption  of  measures 
for  developing  the  present  supply  which  might  not  be  warranted  if 
a  much  better  source  could  be  obtained  within  a  reasonable  distance 
from  the  town. 

It  is  understood  that  your  present  ground  water  sources  now 
furnish  an  ample  supply  of  water  during  all  but  the  dryer  portions 
of  the  year,  and  that  the  reservoirs  shown  upon  the  plan  submitted 
are  intended  to  supply  the  deficiency  at  such  times.  The  lower  of 
the  two  reservoirs  is  considerably  further  up  stream  and  about 
five  times  as  large  as  the  one  proposed  by  you  in  1891,  and  referred 
to  unfavorably  in  the  reply  of  the  Board  to  you  dated  April  7th  of 
that  year.  The  present  location  is  much  better  than  the  old  one, 
but,  owing  to  the  fact  that  some  of  the  land  above  the  reservoir  is 
cultivated,  and  that  so  small  a  quantity  of  water  will  flow  into  it 
owing  to  the  limited  size  of  its  watershed,  much  care  will  have  to 
be  taken  to  maintain  the  water  in  a  pure  and  satisfactory  condition. 
In  the  preparation  of  the  reservoir  all  soil  and  vegetable  matter 
should  be  removed  from  its  bottom  and  sides,  and  the  shallow  por- 
tions should  be  deepened.  A  liberal  amount  of  land  should  be 
acquired  around  the  reservoir  for  its  protection,  and  suitable  ar- 
rangements should  be  made  to  prevent  any  washings  from  manured 
fields  from  flowing  into  it.  It  would  also  be  necessary  to  take 
proper  measures  to  prevent  any  contamination  of  the  water  by  the 
drainage  from  a  large  stable  at  the  extreme  upper  end  of  the  water- 
shed. 

The  upper  reservoir  is  less  satisfactory  than  the  lower  one  as  it 
is  shallow  and  has  so  small  a  watershed  that  the  water  would  stand 
in  it  a  very  long  time  before  being  replaced  by  fresh  water,  and  it 
would  probably  become  unfit  for  use.  If,  therefore,  you  decide  to 
increase  the  supply  by  storing  the  surplus  water  which  flows  off 
during  the  wetter  portions  of  the  year,  the  Board  would  advise  that 
the  upper  reservoir  should  not  be  constructed  and  that  the  lower 
one  should  be  enlarged  as  much  as  possible  by  locating  the  dam 
somewhat  further  down  stream,  and  by  excavating  within  the 
reservoir.  The  suggestion  of  your  engineer  that  "  some  additional 
ground  water  might  be  brought  into  the  pump  well  by  laying  an 
open- jointed  sub-drain  in  the  trench  with  the  leading  main  from 
the  reservoir,  making  the  joints  tight  wherever  the  pipe   passed 
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through  a  muck  deposit,"  is  one  worthy  of  adoption  should  the 
portion  of  the  pipe  trench  through  the  sandy  land  toward  the  pro- 
posed reservoir  be  found  to  furnish  water  freely. 

An  analysis  has  been  made  of  a  sample  of  water  collected  from 
your  covered  gallery  near  the  village,  and  the  water  is  at  the 
present  time  of  satisfactory  quality  for  domestic  use.  At  the  time 
the  sample  was  collected  water  was  not  being  drawn  from  this 
source,  and  as  its  quality  may  change  when  there  is  a  draft  upon 
it  you  are  requested  to  notify  the  Board  when  you  begin  to  use  it, 
and  further  examinations  will  be  made. 

Lowell.  The  Water  Board  of  Lowell  applied  to  the 
State  Board  of  Health,  May  9,  for  its  advice  relative  to 
taking  an  additional  supply  of  water  from  the  valley  of 
River  Meadow  Brook  in  the  south  part  of  Lowell.  The 
Board  replied  as  follows :  — 

Boston,  May  15, 1893. 

Samples  of  water  from  driven  wells  in  this  locality  were  sent  in 
to  the  Board  by  your  engineer  last  autumn,  and  the  water  was  then 
found  upon  examination  to  be  of  excellent  quality  for  all  the  pur- 
poses of  a  public  water  supply.  This  portion  of  the  city,  however* 
is  growing  rapidly  and  in  order  to  maintain  the  purity  of  the  water, 
if  a  supply  is  taken  from  this  source,  the  city  should  control  the 
land  for  a  considerable  distance  from  the  wells  in  all  directions  so 
as  to  prevent  the  construction  of  buildings  near  them,  and  should 
extend  the  sewerage  system  of  Lowell  so  as  to  carry  away  from 
all  buildings  the  sewage  which  might  otherwise  find  its  way  by 
filtration  through  the  ground  into  the  wells. 

The  time  within  which  you  desire  a  reply  is  too  limited  to  permit 
the  Board  to  make  sufficiently  extended  investigations  to  serve  as 
a  basis  for  an  opinion  as  to  the  quantity  of  ground  water  which 
can  be  obtained  from  the  valley  of  this  brook  within  the  limits  of 
the  city  of  Lowell,  nor  does  such  an  opinion  seem  necessary  at  the 
present  time  when  you  are  constructing  extended  works  by  which 
the  capacity  of  this  source  can  be  tested. 

Lynn.  The  mayor  of  Lynn  applied  to  the  State  Board  of 
Health,  January  31,  for  its  advice  relative  to  taking  the 
water  of  Saugus  River  and  its  tributaries  as  an  additional 
supply  for  Lynn.     The  Board  replied  as  follows :  — 

Boston,  April  4, 1893. 

The  application  is  not  limited  to  any  particular  portion  of  the 
river  and  its  tributaries,  but  the  attention  of  the  Board  has  been 
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directed  chiefly  to  the  territory  above  Howlett's  darn,  to  which  the 
works  of  the  Lynn  water  supply  now  extend.  Above  this  point 
on  the  river  are  situated  the  towns  of  Wakefield  and  Reading 
which  turn  so  much  polluting  matter  into  the  streams  as  to  ren- 
der the  Saugus  River  at  this  point  an  unfit  source  from  which  to 
take  a  water  supply,  unless  the  water  is  very  thoroughly  purified 
by  filtration.  This  polluting  matter  enters  Quannapowitt  Lake 
and  its  tributaries  and  the  streams  which  flow  through  Wakefield 
and  enter  the  river  below  the  town.  If  these  polluted  waters  were 
diverted,  those  coming  from  the  remaining  portions  of  the  water- 
shed would  be  comparatively  free  from  pollution  by  sewage. 

No  extended  chemical  examinations  of  these  unpolluted  sources 
have  been  made,  with  the  exception  of  Pilling's  Pond,  but  judging 
from  an  examination  of  the  water  at  this  season  of  the  year  and  a 
few  previous  analyses,  it  seems  probable  that  some  of  the  water, 
particularly  that  from  the  river  itself,  would  be  unsatisfactory  for 
water  supply  purposes,  owing  to  the  large  amount  of  swampy  land 
with  which  the  water  comes  in  contact,  thereby  making  it  very  dark 
in  color  and  giving  it  a  peaty  taste  and  odor. 

Pilling's  Pond  is  an  artificial  mill  pond  made  by  flowing  a  meadow 
to  a  depth  of  four  feet.  The  State  Board  of  Health  in  1888  ad- 
vised the  Revere  Water  Company  that  this  pond  was  not  a  suit- 
able source  of  supply  for  the  towns  of  Revere  and  Winthrop, 
owing  principally  to  the  fact  that  if  used  as  a  principal  source  of 
supply  it  would  necessarily  be  drawn  very  low  in  the  summer. 
The  water,  however,  is  of  fairly  good  quality  considering  the  very 
small  depth  of  the  pond  and  it  might  be  used  by  Lynn  in  connec- 
tion with  present  sources  until  a  better  supply  can  be  obtained. 

There  is  a  very  large  amount  of  flat  land  adjacent  to  the  river 
between  the  dam  at  Montrose  and  Lake  Quannapowitt  and  it 
seems  not  improbable  that  a  valuable  ground  water  might  be  ob- 
tained from  this  territory,  although  there  are  no  means  of  deter- 
mining at  all  definitely  at  the  present  time  either  the  quantity  or 
the  quality  of  water  which  could  be  obtained.  It  is  not  improb- 
able, however,  that  the  quality  of  the  ground  water  would  be  very 
much  better  than  any  surface  water  supply  from  this  vicinity  and 
the  quantity  may  be  as  large  as  would  be  furnished  by  the  surface 
water  sources  after  excluding  the  polluted  water  of  Lake  Quanna- 
powitt and  the  brook  which  receives  the  drainage  of  Wakefield. 

The  Board  recognizes  the  gravity  of  the  present  situation  of  the 
Lynn  water  supply  and  would  therefore  advise  that  provision 
should  be  made  at  the  earliest  possible  moment  for  supplementing 
the  present  supply  with  the  best  water  which  can  be  obtained  from 
the  Saugus  River  watershed. 
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In  order  to  provide  any  other  than  a  very  temporary  supply  of 
potable  water  from  the  Saugus  River  valley,  it  is  obvious  that  the 
works  must  necessarily  be  somewhat  complex  and  expensive,  and 
it  is  not  at  all  probable  that  a  fairly  permanent  supply  can  be 
obtained  from  this  source.  The  Board  would  therefore  advise  that 
before  entering  upon  any  extensive  works  in  this  valley,  the  whole 
subject  of  a  further  water  supply  from  this  valley,  and  from  other 
available  sources,  should  be  carefully  investigated.  One  of  the 
first  points  in  such  an  investigation  should  be  the  examination  of 
the  territory  near  the  river,  between  the  Montrose  dam  and  the 
next  dam  above,  with  a  view  to  obtaining  a  ground  water  supply. 

s  

The  Board  has  now  before  it  an  application  from  the  Wakefield 
Water  Company,  asking  for  advice  with  regard  to  an  additional 
water  supply  for  the  towns  of  Wakefield  and  Stoneham,  to  be  taken 
from  filtering  galleries,  wells  or  basins,  upon  the  banks  of  that 
portion  of  the  Saugus  River  lying  within  the  limits  of  the  town  of 
Wakefield,  above  the  milldam  at  Montrose.  The  Board  is  aware 
of  the  fact  that  the  Wakefield  Water  Company  has  practically 
reached  the  limit  of  capacity  of  Crystal  Lake,  its  present  source  of 
supply,  and  that  the  other  source,  viz.,  Lake  Quannapowitt,  from 
which  the  water  company  was  originally  authorized  to  take  a 
further  supply,  is  not  of  suitable  quality  for  water  supply  purposes. 
It  is  therefore  of  opinion  that  the  right  of  Lynn  to  take  water  from 
the  Saugus  River  valley  should  be  so  far  restricted  as  not  to  pre- 
vent these  towns  from  receiving  from  it  as  much  water  as  may  be 
needed  for  their  supply,  in  addition  to  the  quantity  of  water  which 
Crystal  Lake  will  furnish. 

It  is  not  feasible  from  present  information  as  to  the  amount  of 
water  which  can  be  obtained  from  different  places,  to  make  a  fair 
-apportionment  of  the  territory  between  Lynn  and  these  towns  ;  the 
Board  therefore  concludes  that  Lynn  should  be  granted  the  right 
to  take  water  from  any  portion  of  the  valley  of  Saugus  River,  not 
already  granted  by  the  Legislature  to  some  other  town  or  water 
company ;  but  that  this  grant  should  be  subject  to  the  restriction 
that  the  towns  of  Wakefield  or  Stoneham,  or  the  company  sup- 
plying them  with  water,  may  be  authorized  to  take  water  from  this 
valley  at  any  point  within  the  limits  of  the  town  of  Wakefield,  and 
to  the  extent  required  to  furnish  in  connection  with  Crystal  Lake, 
the  present  source  of  supply,  a  supply  of  water  for  these  towns. 
In  connection  with  this  restriction  it  would,  of  course,  be  fair  to 
provide  that  whenever  these  towns,  or  the  company  supplying  them 
with  water,  take  a  supply  from  any  source  in  the  Saugus  valley 
•other  than  those  already  controlled  by  the  Wakefield  Water  Com- 
pany, they  should  be  required  to  pay  to  the  city  of  Lynn  a  fair 
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proportion  of  the  amount  already  paid  by  said  city  for  water  or 
land  damages,  and  if  they  should  utilize  to  any  extent  works 
previously  constructed  by  the  city,  they  should  pay  a  fair  propor- 
tion of  the  cost  of  these  works. 

The  Board  thinks  it  proper  that  a  further  application  should  be 
made  for  its  advice  when  you  can  define  more  specifically  the 
sources  from  which  it  is  proposed  to  take  water,  and  have  by 
preliminary  surveys  and  estimates  obtained  the  facts  which  are 
essential  as  a  basis  for  a  proper  decision  as  to  the  relative  merits 
of  different  sources.  With  this  further  application  in  view  the 
Board  will  co-operate  with  you  by  causing  analyses  to  be  made 
from  time  to  time  of  the  water  of  the  various  proposed  sources. 

Marlborough.  The  water  commissioners  of  Marlborough: 
applied  to  the  Board,  April  28,  for  its  advice  relative  to  con- 
structing a  new  storage  reservoir  upon  Millham  Brook  in, 
the  west  part  of  Marlborough,  near  the  Northborough  line, 
and  as  to  the  probable  quality  of  the  water  of  such  proposed. 
reservoir  at  the  end  of  eight  years.  The  Board  replied  as 
follows :  — 

Boston,  July  8, 1893. 

The  State  Board  of  Health  has  carefully  considered  your  appli- 
cation, dated  April  28,  1893,  with  regard  to  constructing  at  once 
the  proposed  storage  reservoir  on  Millham  Brook  in  the  vicinity  of 
your  new  pumping  station.  You  state  in  your  application  that  you 
will  not  need  the  proposed  reservoir  for  eight  years  or  so  and  that 
you  wish  for  the  advice  of  this  Board  as  to  the  probability  of  ob- 
taining good  water  from  this  proposed  reservoir  after  being  flowed 
fifteen  feet  deep  for  a  period  of  eight  years  without  removing  any 
of  the  soil. 

A  careful  examination  of  the  experience  with  all  artificial  reser- 
voirs in  the  State  which  have  not  bad  the  soil  removed  from  them 
and  which  in  other  respects  are  at  all  comparable  with  the  proposed 
Marlborough  reservoir  shows  that  in  some  of  these  reservoirs  the 
water  was  bad  every  summer,  not  only  for  eight  yeara  after  they 
were  first  filled  but  for  a  much  longer  time.  A  typical  instance  of 
a  reservoir  of  this  kind  is  the  Ludlow  reservoir  at  Springfield  which 
was  used  for  sixteen  years  and  then  practically  abandoned  for  a 
new  source  of  supply.  Other  reservoirs  somewhat  similar  in  char- 
acter, although  they  may  have  furnished  bad  water  when  first  filled, 
soon  began  to  improve,  and  at  the  end  of  five,  eight  or  ten  years 
furnished  very  much  better  water  than  at  first.  The  chances  as  to 
whether  the  water  will  continue  to  be  bad  or  will  improve-  mate- 
rially at  the  end  of  eight  years  seem  to  be  about  even. 
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The  experience  with  reservoirs  which  have  been  thoroughly 
-cleaned  by  the  removal  of  all  soil  and  vegetable  matter  from  their 
bottom  and  sides,  although  somewhat  limited,  has  been  extremely 
favorable,  and  from  our  present  knowledge  we  should  expect  much 
better  results  from  a  thoroughly  cleaned  reservoir  soon  after  it  is 
filled  than  from  an  uncleaned  reservoir  eight  years  after  filling. 

The  Board  recognizes  that  the  element  of  cost  is  an  important 
factor  in  determining  what  should  be  done,  and  as  the  Board  has 
no  accurate  information  upon  this  point  it  cannot  now  advise  defi- 
nitely as  to  what  should  be  done  in  the  matter  of  constructing  the 
reservoir.  It  would  advise,  however,  that  a  careful  estimate  of 
the  cost  of  thoroughly  cleaning  the  reservoir  should  be  made  and 
would  urge  the  adoption  of  this  method  of  construction  if  it  is 
found  to  be  practicable. 

Malden,  Medford  and  Melrose.  For  many  years  these 
suburban  places  have  used  Spot  Pond  as  a  source  of  water 
supply,  but  owing  to  the  rapid  growth  of  these  communities 
the  pond  was  drawn  to  a  much  lower  level  at  the  end  of  1892 
than  ever  before.  The  city  of  Maiden  has  for  several  years 
taken  a  supplementary  supply  from  driven  wells  in  the  east- 
erly portion  of  the  city,  but  the  other  two  places  were  at  this 
time  wholly  dependent  upon  Spot  Pond  for  water.  On  Feb. 
9,  1893,  the  Board  addressed  the  following  communication 
to  each  of  the  water  boards  of  Maiden,  Medford  and  Melrose, 
with  reference  to  the  present  condition  of  Spot  Pond,  and  its 
capacity  for  future  supply :  — 

Boston,  Feb.  9, 1898. 

The  State  Board  of  Health  has  on  several  occasions  since  the 
spring  of  1889  considered  applications  for  advice  with  regard  to 
additional  water  supplies  for  the  three  communities  now  using  the 
water  of  Spot  Pond,  and  in  considering  these  questions  the  en- 
gineers of  the  Board  have  given  much  attention  to  the  probable 
yield  and  capacity  of  this  source. 

Some  figures  with  regard  to  the  probable  condition  of  this  pond 
during  the  year  1893  have  been  made  in  connection  with  a  recent 
application  for  advice  from  the  city  of  Medford,  and  as  they  may 
be  of  interest  at  the  present  time  they  are  sent  to  each  of  you. 
The  data  used  are  the  area  of  the  watershed  as  determined  by  a 
reconnaissance  upon  the  ground,  sketching  the  watershed  upon  the 
new  State  map  and  measuring  from  it,  the  storage  capacity  of  the 
pond  as  determined  from  the  best  maps  now  in  existence ;  also 
the  records  of  the  yield  of  the  watershed  of  Sudbury  River,  which 
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has  been  carefully  measured  by  the  city  of  Boston  for  the  past 
eighteen  years. 

It  has  been  found  by  applying  these  data  for  many  years  in  the 
past  that  the  results  agree  well  with  the  known  facts,  and  they  may 
therefore  be  looked  upon  as  the  best  basis  at  present  available  for 
determining  what  may  be  expected  in  the  future. 

We  are  informed  that  the  pond  on  the  first  day  of  February  was 
143.5  inches  below  high  water  mark,  which,  by  the  tables  showing 
the  storage  capacity  of  the  pond,  would  indicate  a  draught  from 
high  water  mark  down  to  this  level  of  731,000,000  gallons. 

The  following  table  shows  for  purposes  of  comparison  the  stor- 
age in  the  pond  from  high  water  mark  down  to  the  present  and 
lower  levels. 


Distance  below  High  Water  Mark,  in  Feet 


11  ft  Hi  in., 
15  ft.,     . 
20  ft.,     . 
Bottom  of  pond, 


Storage  in  Gallons. 


731,000,000 

837,000,000 

962,000,000 

1,077,000,000 


In  making  estimates  as  to  what  changes  may  be  expected  during 
the  remaining  months  of  1893,  the  average  consumption  is  assumed 
to  be  600,000  gallons  per  day  for  each  community,  making  a  total 
of  1,800,000  gallons  per  day.  It  is  found  convenient  to  divide 
this  period  into  two  parts,  including  in  the  first  one  the  months  of 
February,  March,  April  and  May,  during  most  or  all  of  which  the 
pond  may  be  expected  to  rise,  and  in  the  second  the  remaining 
months,  when  under  ordinary  conditions  it  would  lower,  it  is  ob- 
vious that  it  is  impossible  to  predict  exactly  what  will  happen,  but 
it  is  fair  to  assume  that  the  amount  of  water  collected  will  not  be 
greater  than  the  maximum  amount  during  the  past  eighteen  years, 
nor  will  it  be  less  than  the  minimum  amount.  It  is  more  likely  to 
be  the  average  amount  than  any  other  quantity,  but  in  as  impor- 
tant a  problem  as  the  water  supply  of  upwards  of  50,000  people, 
provision  should  be  made  to  avoid  a  water  famine  under  the  most 
unfavorable  conditions  which  can  exist. 

It  is  found  that  on  June  first  the  deficiency  of  storage  (meaning 
by  this  term  the  amount  of  water  that  would  be  required  to  fill  the 
pond  to  high  water  mark)  under  maximum,  average  and  minimum 
conditions  of  yield  from  February  1  to  June  1,  1893,  would  be  as 
follows :  — 
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Condition  of  Spot  Pond  on  June  1, 1893. 

Deficiency  of  Storage. 

Maximum  yield, 831,000,000  gallons. 

Average  yield, 490,000,000       w 

Minimum  yield, 677,000,000       " 

For  the  period  from  June  1,  1893,  to  Jan.  1,  1894,  it  is  obvious 
that  regardless  of  the  height  of  the  pond  on  June  1  the  amount  of 
water  going  into  the  pond  may  be  either  the  maximum,  average  or 
minimum,  and  the  following  tables  show  the  deficiency  in  storage 
on  Jan.  1,  1894,  under  all  of  these  conditions. 

(1)  Assuming  the  deficiency  in  storage  on  June  1  to  be  331,- 
000,000  gallons,  the  deficiency  on  Jan.  1,  1894,  will  be  as  fol- 
lows :  — 

Deficiency. 

Maximum  yield, 172,000,000  gallons. 

Average  yield, 535,000,000       u 

Minimum  yield, 692,000,000       u 

(2)  Assuming  the  deficiency  in  storage  on  June  1  to  be  490,000,- 
000  gallons,  the  deficiency  on  Jan.  1,  1894,  will  be  as  follows :  — 

Deficiency. 

Maximum  yield, 319,000,000  gallons. 

Average  yield, 685,000,000       " 

Minimum  yield, 841,000,000       " 

(3)  Assuming  the  deficiency  in  storage  on  June  1  to  be  677,- 
000,000  gallons,  the  deficiency  onfJan.  1,  1894,  will  be  as  fol- 
lows :  — 

Deficiency. 

Maximum  yield, 494,000,000  gallons. 

Average  yield, 863,000,000 

Minimum  yield, 1,018,000,000 


u 

(4 


The  most  important  conclusions  to  be  drawn  from  the  tables  are,, 
first,  that  with  the  average  conditions  from  now  until  next  January 
the  pond  will  be  at  substantially  the  same  level  as  at  the  same  time 
this  year ;  second,  that  if  either  one  of  the  periods  into  which  the 
year  has  been  divided  furnishes  the  average  quantity  of  water  and 
the  other  furnishes  the  minimum  quantity,  the  water  in  the  pond 
will  be  reduced  to  the  15-foot  mark ;  and  lastly,  that  if  the  yield 
for  both  of  these  periods  should  be  a  minimum  the  pond  will  be 
drawn  practically  to  the  bottom. 

All  of  these  estimates  are  based  upon  an  average  draught  of 
1,800,000  gallons  daily  from  the  pond,  but  it  is  doubtful  if  the 
draught  can  be  kept  as  low  as  this  without  supplementary  supplies 
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to  furnish  a  portion  of  the  water  used.  It  is  probable  that  a  larger 
draught  than  the  amount  above  given  has  had  an  influence  in  lower- 
ing the  pond  during  the  past  year.  The  net  loss  of  storage  from 
the  pond  from  Feb.  1,  1892,  to  Feb.  1,  1893,  was  338,000,000  gal- 
lons. The  same  loss  in  the  next  twelve  months  would  take  all  of 
the  water  out  of  the  pond. 

Not  only  should  the  conditions  for  the  remainder  of  the  present 
year  be  considered  but  the  conditions  which  will  exist  subsequently 
until  the  time  when  a  permanent  supply  is  introduced  should  be 
considered,  and  it  is  therefore  of  the  utmost  importance  that  meas- 
ures should  be  taken  immediately,  by  providing  supplementary 
sources  or  by  making  arrangements  with  some  community  which 
has  water  to  spare,  to  get  as  much  water  into  the  pond  as  possible, 
or,  what  is  the  same  thing,  to  take  less  water  from  the  pond  so  as 
to  have  a  larger  supply  in  the  pond  to  provide  for  the  future  con- 
tingencies, such  as  a  rapidly  growing  population  and  supplementary 
supplies  which  may  become  unsuitable  for  domestic  use.  Every 
million  gallons  of  water  which  can  be  added  to  the  pond  has  a  dis- 
tinct value  to  the  three  communities  now  depending  upon  this 
source,  which  is  much  in  excess  of  the  mere  cost  of  pumping  the 
water,  and  it  would  be  a  benefit  to  all  of  the  communities  if  a  fixed 
price  were  made  per  million  gallons  of  water,  which  should  be 
charged  to  each  community  drawing  more  than  a  certain  defined 
quantity  and  credited  to  any  community  taking  from  the  pond  less 
than  this  amount.  This  would  offer  an  incentive  for  individual 
action  on  the  part  of  those  places  which  now  have  or  can  provide 
supplementary  sources  of  supply  and  would  not  be  unjust  to  any 
town  that  may  be  unable  to  obtain  a  supplementary  source,  as  this 
town  would  only  pay  to  the  others  what  it  would  save  in  the  cost 
of  constructing  and  maintaining  a  pumping  plant. 

Medford.  The  water  commissioners  of  Medford  applied 
to  the  Board,  Jan.  4,  1893,  for  its  advice  relative  to  taking 
an  additional  water  supply  from  wells  west  of  Forest  Street 
in  Medford.     The  Board  replied  as  follows :  — 

Boston,  Feb.  2, 1893. 

The  State  Board  of  Health  has  considered  your  application  in 
regard  to  an  additional  water  supply  to  be  taken  from  driven  wells 
in  the  flat  open  land  west  of  Forest  Street,  where  test  wells  have 
already  been  driven. 

The  Board  has  caused  analyses  to  be  made  of  samples  of  water 
taken  from  these  wells  and  finds  that  it  is  a  water  which  has  at 
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some  time  been  polluted,  but  which  has  been  very  thoroughly 
purified  by  its  passage  through  the  ground.  The  water  as  it  now 
comes  from  the  ground  would  be  entirely  satisfactory  to  the  con- 
sumers as  a  drinking  water,  but  it  is  much  harder  than  the  Spot 
Pond  water  and  therefore  would  not  be  as  good  for  washing  pur- 
poses and  for  use  in  boilers.  The  hardness  of  the  water,  however, 
is  not  as  great  as  that  of  several  water  supplies  which  are  now  in 
use  in  this  State,  and  if  the  quality  of  the  water  remains  as  at 
present  it  would  be  satisfactory  for  the  purposes  of  a  public  water 
supply.  The  situation  of  the  test  wells,  however,  is  such  that  it 
seems  probable  that  when  a  continuous  draft  is  made  upon  the 
ground  the  water  will  be  drawn  in  part  from  the  territory  south  of 
the  wells  where  there  is  a  large  population,  and  the  water  will 
become  harder  than  it  is  at  present,  and  it  may  be  less  perfectly 
purified ;  moreover,  even  if  a  large  tract  of  land  is  purchased  and 
controlled  by  the  city  for  the  protection  of  a  water  supply  at  this 
place  the  growth  of  the  city  will  undoubtedly  cause  a  material 
increase  of  population  upon  adjacent  land,  which  contributes  a 
portion  of  the  water  to  supply  the  wells,  and  the  character  of  the 
water  may  be  further  unfavorably  affected  in  this  way. 

The  Board  would  not  therefore  advise  the  construction  of  works 
for  taking  a  permanent  supply  from  this  place,  but  in  view  of  the 
necessity  for  supplementing  the  supply  from  Spot  Pond,  advises 
that  this  is  a  suitable  source  from  which  to  obtain  a  temporary 
supply.  The  quantity  of  water  to  be  obtained  from  this  source  is, 
with  the  present  information,  somewhat  indefinite.  It  seems  very 
doubtful  if  the  source  can  be  depended  upon  to  furnish  more  than 
from  250,000  to  400,000  gallons  per  day  continuously,  though  it  is 
not  impossible  that  during  the  wetter  portions  of  the  year  a  con- 
siderably larger  quantity  of  water  might  be  obtained. 

In  addition  to  the  driven  wells  there  is  another  source  from 
which  a  temporary  supply  might  be  obtained,  viz.,  the  stream 
which  flows  just  west  of  Forest  Street,  below  where  Elm  Street 
joins  it.  Above  this  point  there  are  very  few  houses  or  other  sources 
of  pollution  upon  the  watershed,  the  area  of  which  as  measured 
from  the  State  map  is  0.58  square  mile.  An  analysis  of  the  water 
recently  made  shows  that  it  is  at  the  present  time  of  suitable 
quality  for  water  supply  purposes,  except  that  before  being  pumped 
it  should  be  stored  in  a  reservoir  sufficiently  large  to  permit  the 
floating  particles  which  are  almost  always  found  in  brook  waters 
to  settle.  During  several  months  of  an  ordinary  year  the  flow  of 
this  stream  should  be  as  high  as  600,000  gallons  per  day,  and  dur- 
ing two  months  or  more  of  such  a  year  it  should  range  from  one  to 
two  million  gallons  per  day.    This  source  has  the  advantage  that 
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it  is  very  near  the  main  pipe  which  leads  to  the  town,  and  the 
water  would  have  to  be  lifted  to  a  less  height  to  force  it  into  the 
main.  It  is  obvious,  however,  that  in  order  to  make  it  of  value  in 
the  present  emergency  the  works  should  be  constructed  at  once  so 
as  to  take  advantage  of  the  larger  amount  of  water  which  flows  in 
the  spring  of  the  year,  as  the  amount  of  water  to  be  obtained  from 
this  source  in  the  summer  would  be  comparatively  small.  The 
water  would  also  be  soft  and  suitable  for  laundry  and  boiler  pur- 
poses, though  not  as  palatable  as  that  taken  from  the  ground. 

The  choice  of  these  two  sources  or  whether  both  of  them  shall 
be  utilized  is  a  question  which  is  left  for  your  decision.  The 
Board,  however,  considers  it  imperative  that  a  supplementary  sup- 
ply or  supplies  should  be  provided  at  once  by  the  communities  using 
the  water  of  Spot  Pond  in  order  to  avoid  a  water  famine  during  the 
next  autumn  and  winter. 

The  results  of  certain  computations  with  regard  to  the  future 
condition  of  Spot  Pond  and  a  suggestion  as  to  measures  which 
should  be  taken  to  prevent  the  supply  from  being  exhausted  are 
embodied  in  another  communication,  a  copy  of  which  will  be  sent 
to  you  and  to  the  water  boards  of  Maiden  and  Melrose.  (See 
pages  28-31,  preceding.) 

Melrose.  Tbe  committee  on  additional  water  supply  of 
Melrose  applied  to  tbe  State  Board  of  Health,  Dec.  5,  1892, 
for  its  advice  as  to  the  propriety  of  taking,  either  alone  or  in 
conjunction  with  Maiden  and  Medford,  the  waters  of  Great 
Pond,  in  North  Andover,  together  with  Mosquito  Brook  and 
Boston  Brook  in  the  same  town,  as  additional  sources  of  water 
supply.     The  Board  replied  to  this  application  as  follows :  — 

Boston,  Jan.  16, 1893. 

In  your  application  of  Dec.  5,  1892,  giving  notice  of  your 
intention  to  provide  an  additional  water  supply  for  the  town  of 
Melrose  and  asking  the  advice  of  the  Board  in  regard  thereto,  you 
make  the  following  statement:  "The  plan  proposed  is,  alone  or 
in  conjunction  with  the  cities  of  Maiden  and  Medford  or  either  of 
them,  to  obtain  authority  from  the  Legislature  to  take  and  hold 
the  waters  of  Great  Pond  in  North  Andover,  and  to  acquire  by 
purchase  or  otherwise  the  waters  of  Mosquito  Brook  and  Boston 
Brook  in  said  town  of  North  Andover." 

The  State  Board  of  Health  has  up  to  the  present  time  received 
no  applications  relating  to  these  sources  from  the  cities  of  Maiden 
or  Medford  and  therefore  considers  only  the  first  alternative,  viz., 
a  supply  for  Melrose  alone. 
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Great  Pond  only  has  been  investigated  by  the  Board  up  to  the 
present  time,  and  it  is  found  from  this  investigation  and  analyses 
of  the  water  of  the  pond  that  the  water  is  of  satisfactory  quality 
for  all  the  purposes  of  a  public  water  supply  and  that  the  quantity 
of  water  which  the  pond  will  furnish  will  be  more  than  sufficient 
for  the  probable  population  of  Melrose  for  the  next  thirty  years. 

Owing  to  the  fact  that  the  pond  is  situated  wholly  within  the 
town  of  North  Andover  the  Board  is  of  opinion  that  this  town  has 
a  primary  right  to  so  much  of  the  water  of  the  pond  as  is  necessary 
to  supply  its  inhabitants  with  water. 

With  regard  to  the  appropriateness  of  this  source  for  a  water 
supply  for  the  town  of  Melrose,  the  Board  thinks  it  highly  prob- 
able that  a  sufficient  supply  of  good  water  for  the  town  can  be 
obtained  at  a  less  distance  than  sixteen  miles  and  with  less  ex- 
pense ;  and  for  this  reason,  and  having  regard  for  the  interests  of 
other  communities  much  nearer  Great  Pond,  which  may  in  the 
future  need  its  waters  as  a  source  of  water  supply,  the  Board  ad- 
vises the  town  to  make  examinations  of  nearer  sources,  and  until 
such  examinations  are  made  is  unable  to  advise  that  this  is  the 
most  appropriate  source  of  supply  for  the  town  of  Melrose. 

The  Board  will  investigate  the  other  sources  mentioned  in  your 
application  and  advise  you  with  regard  to  them  as  soon  as  prac- 
ticable. 

On  February  3  the  Board  transmitted  the  following  further 
communication  upon  the  same  subject  to  the  committee  on 
additional  water  supply  of  Melrose  :  — 

Boston,  Feb.  3, 1893. 

The  State  Board  of  Health  in  its  communication  of  Jan.  16, 
1893,  to  your  committee,  relating  to  an  additional  supply  of  water 
for  your  town  from  Great  Pond  in  North  Andover,  stated  that 
further  advice  would  be  given  with  regard  to  the  other  sources 
mentioned  in  your  application,  viz.,  Mosquito  and  Boston  brooks. 

The  application  apparently  relates  to  so  much  of  these  brooks 
as  lies  within  the  limits  of  the  town  of  North  Andover.  The  areas 
of  the  watersheds  of  these  brooks  above  the  points  where  they 
cross  the  town  boundary,  as  measured  from  the  topographical  map 
of  the  State,  are  respectively  7.51  and  6.36  square  miles,  and  their 
distances  at  these  points  in  an  air  line  from  Melrose  are  14 J  and 
12 J  miles.  These  watersheds  have  been  examined  upon  the  map 
above  mentioned,  and  upon  the  ground  by  one  of  the  engineers  of 
the  Board,  and  they  were  not  found  to  have  any  special  character- 
istics which  would  make  them  as  a  whole  particularly  appropriate 
as  sources  of  supply  for  Melrose  or  as  desirable  as  other  water- 
sheds nearer  the  town. 
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It  has  been  learned  from  statements  made  by  a  member  of  your 
committee  and  by  your  engineer,  that  it  is  proposed  to  utilize  only 
so  much  of  the  upper  end  of  these  brooks  as  can  be  diverted  by 
gravity  through  a  ditch  or  canal  along  the  side  hill  into  Great  Pond. 
In  this  case  the  area  of  watershed  to  be  utilized  is,  according  to 
the  map  above  mentioned,  in  the  neighborhood  of  three  square  miles 
instead  of  the  total  of  about  fourteen  square  miles  above  the  town 
boundary.  The  three  square  miles  are  sparsely  populated  so  that 
there  is  little  danger  that  the  water  will  be  polluted,  but  there  are 
swampy  areas  which  give  the  water  of  the  larger  (Boston)  brook  a 
high  color  which  would  be  objectionable  if  the  water  was  to  be 
taken  directly  into  the  pipes.  If,  however,  this  water  is  diverted 
as  proposed  into  Great  Pond  its  color  will  nearly  disappear  by  long 
storage  and  by  mingling  with  the  nearly  colorless  water  naturally 
in  the  pond. 

The  Board  is  of  opinion  that  the  town  should  not  seek  to  acquire 
rights  to  the  whole  of  Mosquito  and  Boston  brooks  within  the 
town  of  North  Andover,  as  the  portions  not  available  for  diversion 
into  Great  Pond  may  be  needed  in  connection  with  water  supplies 
from  the  Ipswich  Valley  for  other  places  in  the  eastern  part  of  the 
State.  If,  however,  the  town  of  Melrose  should  be  granted  the 
right  to  take  the  waters  of  Great  Pond  it  is  appropriate  that  it 
should  also  be  granted  those  portions  of  Mosquito  and  Boston 
brooks  which  can  be  diverted  by  gravity  into  it. 

The  water  board  of  Melrose  applied  to  the  State  Board 
of  Health  May  16,  for  its  advice  as  to  taking  an  additional 
water  supply  from  wells  to  be  driven  in  the  meadow  upon 
the  north  side  of  Ell  Pond,  and  on  July  5,  the  committee 
on  additional  water  supply  applied  for  advice  with  reference 
to  taking  water  from  other  sources.  The  Board  replied 
to  these  applications  as  follows :  — 

Boston,  Aug.  10, 1893. 

The  State  Board  of  Health  received  from  the  Melrose  water 
board  on  May  16,  1893,  an  application  for  its  advice  relative  to  a 
proposed  additional  system  of  water  supply  to  be  taken  from  the 
ground  on  the  north  side  of  £11  Pond.  On  July  5  a  second  appli- 
cation was  received  from  the  committee  on  additional  water  supply 
for  advice  relative  to  taking  a  supply  from  Martin's  Meadows,  so- 
called,  from  Bennett's  Pond  or  Meadows  and  from  the  Wakefield 
Water  Company.  On  July  5  the  last  mentioned  application  was 
amended  by  adding  Long  Pond  and  its  immediate  vicinity  to  the 
sources  before  mentioned. 
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Before  considering  these  sources  in  detail  it  will  be  well  to  refer 
in  a  general  way  to  the  capacity  of  your  present  source  of  supply, 
Spot  Pond,  and  to  the  needs  of  your  town. 

Spot  Pond  during  a  year  of  average  rainfall  will  supply  to  each  of 
the  communities  taking  water  from  it  about  630,000  gallons  of  water 
per  day ;  and,  during  a  series  of  dry  years,  such  as  have  occurred 
in  the  past,  will  furnish  about  500,000  gallons  per  day  to  each 
community  without  falling  to  a  lower  level  than  it  reached  in  Feb- 
ruary, 1893.  With  the  pond  at  its  present  low  level  it  cannot  be 
depended  upon  to  furnish  even  500,000  gallons  per  day  to  each 
community  if  the  next  two  or  three  years  should  be  unusually  dry. 
The  consumption  of  water  in  Melrose  by  the  meter  records  from 
September,  1892,  to  June,  1893,  inclusive,  averaged  565,000  gal- 
lons per  day,  which  is  65,000  gallons  in  excess  of  the  safe  capacity 
of  the  pond  for  a  series  of  dry  years,  even  assuming  it  to  have 
been  filled  in  the  spring,  and  still  more  in  excess  of  its  capacity  in 
its  present  low  condition.  It  is  obvious,  therefore,  that  to  meet 
even  the  requirements  of  the  present  and  the  very  near  future  it 
will  be  necessary  to  provide  an  additional  source  of  supply  or  to 
decrease  the  consumption  of  water. 

The  consumption  of  water  in  Melrose  at  the  present  time  is  about 
57  gallons  per  inhabitant,  which  is  more  than  the  amount  used  by 
most  towns  similarly  situated.  As  instances  of  low  consumption 
per  inhabitant  may  be  mentioned  :  Brockton,  25  gallons  ;  Middle- 
borough,  26  gallons ;  North  Attleborough,  26  gallons,  and  Fall 
River,  26  gallons.  On  the  other  hand,  Beverly  uses  70  gallons, 
Braintree  62  gallons,  and  Brookline  80  gallons.  During  the  pe- 
riod from  September,  1892,  to  June,  1893,  inclusive,  Maiden  used 
50  gallons  and  Medford  48  gallons  per  inhabitant. 

It  seems  highly  desirable  that  Melrose  should  take  energetic 
measures  to  restrict  waste,  but  in  view  of  the  fact  that  the  present 
demands  upon  Spot  Pond  so  largely  exceed  its  capacity,  and  hav- 
ing regard  to  the  present  low  state  of  the  pond  and  the  greater 
demand  for  water  from  year  to  year,  due  to  the  increasing  popu- 
lation, the  Board  is  of  opinion  that  a  further  supply  should  be 
obtained  without  delay. 

The  great  expense  to  which  Melrose  would  be  subjected  if  it 
should  attempt  to  obtain  by  itself  a  permanent  supply  of  water, 
which  can  only  be  had  from  a  comparatively  great  distance,  the 
fact  that  the  Legislature  has  already  directed  that  investigations 
be  made  with  a  view  to  obtaining  a  water  supply  for  Boston  and 
its  suburbs,  and  the  need  of  an  immediate  addition  to  the  present 
supply,  all  lead  to  the  conclusion  that  it  is  wise  to  obtain  at  a 
comparatively  small  cost  a  temporary  supply  which  will  meet  the 
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requirements  for  the  next  five  or  six  years.  Should  any  of  the 
sources  mentioned  by  your  committee  be  adopted,  they  should  be 
considered  merely  as  temporary  sources  which  will  have  to  be 
abandoned  whenever  the  quality  of  the  water  becomes  impaired  by 
the  growth  of  population  upon  the  territory  from  which  the  supply 
is  derived  or  by  other  causes,  or  whenever  a  more  satisfactory  and 
permanent  water  supply  is  introduced. 

Of  the  sources  mentioned  by  the  committee  it  may  be  said  that 
the  water  of  Bennett's  Pond,  if  taken  directly  from  the  pond,  would 
not  be  of  suitable  quality  on  account  of  the  large  population  near 
the  upper  portion  of  the  brook  which  feeds  it.  With  regard  to  a 
ground  water  from  the  vicinity  of  Bennett's  Pond,  no  definite 
answer  can  be  given  because  no  investigations  of  the  ground  at 
this  place  have  been  made.  It  is  not  improbable  that  the  quality 
of  the  water  would  be  good,  but,  judging  from  the  surface  indica- 
tions, this  source  could  hardly  be  expected  to  furnish  a  sufficient 
quantity  of  water  to  make  it  a  desirable  one  to  adopt  at  the  present 
time. 

Long  Pond  by  itself  would  not  furnish  a  sufficient  quantity  of 
water  to  warrant  taking  an  additional  supply  from  it,  and  if  a 
stream  which  flows  near  its  westerly  end  should  be  diverted  into  it 
the  quality  of  the  water  would  not  be  satisfactory  if  taken  directly 
from  the  pond.  With  regard  to  obtaining  a  ground  water  supply 
in  this  vicinity  no  investigations  of  the  ground  have  been  made,  but, 
judging  from  surface  appearances,  the  conditions  are  even  less 
favorable  than  in  the  vicinity  of  Bennett's  Pond. 

The  Wakefield  Water  Company  now  takes  its  supply  from 
Crystal  Lake,  and  the  water  is  of  suitable  quality  for  the  purposes 
of  a  public  water  supply.  The  quantity  of  water  which  this  source 
will  furnish  in  a  series  of  dry  years  is  but  little,  if  any,  in  excess 
of  the  present  requirements  of  the  two  towns  now  supplied  by  the 
Wakefield  Water  Company,  and  the  only  water  which  this  company 
has  to  spare  is  the  excess,  during  years  of  average  or  high  rainfall, 
above  the  requirements  of  the  two  towns  now  supplied.  The 
Board,  therefore,  does  not  advise  the  town  of  Melrose  to  depend 
upon  the  Wakefield  Water  Company  for  its  additional  supply.  On 
the  other  hand,  it  is  extremely  important  as  a  precaution  against  a 
water  famine  in  the  next  few  years  that  Spot  Pond  should  be  again 
filled,  a  result  which  can  be  accomplished  if  each  of  the  communi- 
ties now  drawing  water  from  the  pond  should  obtain  the  greater 
part  of  its  supply  from  some  other  source  or  sources ;  and  it  may 
therefore  be  desirable,  if  suitable  arrangements  can  be  made,  to 
have  the  Wakefield  Water  Company  supply  as  much  water  to  Mel- 
rose as  the  capacity  of  its  source  will  permit. 
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A  sample  of  water  collected  from  Whittier's  wells  in  Martin's 
Meadows,  so-called,  on  July  20  showed  that  the  water  obtained 
from  the  ground  at  this  place  was  of  satisfactory  quality  for  the 
purposes  of  a  public  water  supply,  and  from  an  examination  of 
the  premises  it  seems  probable  that  this  water  will  remain  of  suit- 
able quality  for  use,  at  least  until  there  is  a  further  increase  of 
population  in  this  vicinity.  The  quantity  of  water  which  this 
source  will  furnish  is  apparently  limited,  and  it  is  extremely 
doubtful  if  it  alone  will  furnish  a  sufficient  additional  water  sup- 
ply for  the  town.  Samples  were  also  received  from  wells  in  the 
meadow  above  the  one  already  mentioned,  but  the  water  from 
these  wells  was  not  of  satisfactory  quality  to  pump  directly  into 
the  pipes. 

The  territory  just  north  of  Ell  Pond  has  been  tested  in  several 
places.  The  first  test  was  made  in  January,  1893,  by  pumping 
from  a  line  of  driven  wells  very  near  the  pond.  This  test  lasted 
for  fifteen  days  and  the  average  quantity  of  water  pumped  is  said 
to  have  been  about  461,000  gallons  per  day.  Three  samples  of 
water  from  these  wells  were  sent  to  this  Board  for  analysis.  One 
was  taken  at  the  beginning  of  the  test,  another  a  week  later,  and 
the  third  at  the  end  of  the  test.  All  of  these  samples  were  clear 
and  colorless  and  free  from  odor,  and,  although  they  all  showed, 
by  the  greater  amount  of  mineral  matter  and  hardness  than  the 
natural  waters  of  this  region,  the  effect  of  the  population  upon  the 
territory  from  which  the  supply  is  derived,  the  analyses  also  show 
that  the  water  had  been  very  thoroughly  purified  by  its  passage 
through  the  ground. 

Three  additional  samples  taken  from  this  vicinity  in  June  and 
July,  1893,  gave  results  which  confirmed  those  above  mentioned, 
the  analyses  showing  that  in  every  case  the  water  had  been  com- 
pletely purified,  chemically,  by  its  passage  through  the  ground. 
The  wells  from  which  two  of  these  last  mentioned  samples  were 
taken  were  175  feet  from  the  pond,  while  the  third  sample  was 
taken  from  one  of  the  line  of  wells  near  the  pond.  A  bacterial 
examination  of  a  sample  of  water  from  one  of  these  wells  showed 
that  the  water  was  of  good  quality,  bacterially. 

There  seems  to  be  no  doubt  that  the  quantity  of  water  which 
can  be  obtained  from  the  ground  in  this  vicinity  is  greater  than 
from  any  of  the  other  sources  mentioned,  and  the  principal  ques- 
tion which  arises  with  regard  to  this  source  is  as  to  whether  the 
water  will  remain  of  suitable  quality  for  use  after  long-continued 
pumping.  The  principal  source  of  danger  is  that  the  water  of  the 
pond,  which  is  highly  polluted,  will  find  its  way  through  the  ground 
to  the  wells  without  being  thoroughly  purified  by  filtration.     Ex- 
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perience  has  shown  in  some  cases  that  water  ma;  filter  from  a  pond 
to  wells  or  to  a  filter-gallery  and  under  some  conditions  be  thor- 
oughly purified  by  its  passage  through  the  ground,  and  yet  under 
other  conditions  fail  to  be  purified.  It  is  impracticable  to  predict 
in  the  present  case  whether  the  water  drawn  from  the  ground  will 
deteriorate  in  quality  from  this  cause.  Taking  into  account,  how- 
ever, the  urgent  needs  of  your  town  and  the  difficulty  of  obtaining 
a  sufficient  quantity  of  water  from  a  better  source,  the  Board  would 
advise  that  this  location  be  adopted  as  a  source  of  supply,  but  with 
the  understanding  that  the  works  are  to  be  of  a  temporary  char- 
acter and  that  the  water  is  to  be  analyzed  frequently  and  its  use 
discontinued  if  it  should  become  impure.  The  wells  should  be 
located  not  less  than  175  feet  from  the  pond  and  further  from  it 
if  practicable. 

On  Feb.  9,  1893,  the  Board  sent  a  communication  to  the  water 
boards  of  the  three  places  drawing  water  from  Spot  Pond ;  and, 
after  giving  the  results  of  estimates  as  to  changes  in  the  level  of 
the  pond  which  would  be  likely  to  occur  under  varying  conditions 
of  rainfall,  the  Board  ended  its  communication  with  the  following 
statement,  to  which  it  would  again  call  attention  :  — 

It  is  of  the  utmost  importance  ...  to  get  as  much  water  into  Spot 
Pond  as  possible,  or,  what  is  the  same  thing,  to  take  less  water  from  the 
pond  so  as  to  have  a  larger  supply  in  the  pond  to  provide  for  future  con- 
tingencies, such  as  a  growing  population  and  supplementary  supplies 
which  may  become  unsuitable  for  domestic  use.  Every  million  of  gal- 
lons of  water  which  can  be  added  to  the  pond  has  a  distinct  value  to  the 
three  communities  now  depending  upon  this  source,  which  is  much  in 
excess  of  the  mere  cost  of  pumping  the  water,  and  it  would  be  a  benefit 
to  all  of  the  communities  if  a  fixed  price  were  made  per  million  gallons 
of  water,  which  should  be  charged  to  each  community  drawing  more 
than  a  certain  defined  quantity  and  credited  to  any  community  taking 
from  the  pond  less  than  this  amount  This  would  offer  an  incentive  for 
individual  action  on  the  part  of  those  places  which  now  have  or  can  pro- 
vide supplementary  sources  of  supply,  and  would  not  be  unjust  to  any 
town  that  may  be  unable  to  obtain  a  supplementary  source,  as  this  town 
would  only  pay  to  the  others  what  it  would  save  in  the  cost  of  construct- 
ing and  maintaining  a  pumping  plant 

Mendon.  The  selectmen  of  Mendon  applied  to  the  Board, 
Dec.  27,  1893,  for  its  advice  relative  to  taking  the  water  of 
Mendon  Pond  as  a  public  water  supply.  The  Board  replied 
to  this  application  as  follows  :  — 

Boston,  Jan.  5, 1894. 

The  Board  has  already  considered  the  question  of  the  use  of  this 
pond  as  a  source  of  water  supply,  in  response  to  an  application 
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made  by  the  town  of  Uxbridge  in  1892,  and  has  caused  analyses 
of  the  water  to  be  made  in  October,  1892,  and  every  month  from 
May  to  November,  1893.  Daring  all  of  this  time  the  water  has 
been  of  satisfactory  quality  for  all  the  purposes  of  a  public  water 
supply,  and  there  seems  to  be  no  reason  to  doubt  that  if  it  is  pro- 
tected from  pollution  it  will  continue  to  be  of  satisfactory  quality 
in  the  future. 

Owing  to  its  situation  near  the  village  of  Mendon  it  is  an  appro- 
priate source  from  which  to  take  a  supply  of  water  for  the  village 
and  any  part  of  the  town  to  which  it  may  be  desirable  to  extend 
Che  pipes. 

The  amount  of  water  required  for  the  supply  of  Mendon  will  not 
be  large,  and  in  the  opinion  of  the  Board  the  use  of  the  pond  as  a 
source  of  water  supply  for  Mendon  should  not  prevent  its  use  as 
a  source  of  water  supply  by  Uxbridge. 

Methuen.  The  water  commissioners  of  Methuen  applied 
1)o  the  Board,  April  13,  1893,  for  advice  as  to  obtaining  a 
water  supply  for  the  town  from  driven  wells  near  Sargent's 
Brook  in  the  east  part  of  the  town.  The  Board  replied  as 
Jbllows :  — 

Boston,  May  19, 1898. 

The  State  Board  of  Health  has  considered  your  application  of 
April  13,  1893,  relative  to  a  proposed  water  supply  for  the  town, 
to  be  taken  from  driven  wells  near  Sargent's  Brook,  and  has 
•caused  examinations  of  the  premises  and  analyses  of  the  water  to 
be  made. 

The  analysis  of  a  sample  of  water  sent  in  from  one  of  the  flow- 
ing wells  showed  the  water  to  be  very  pure  and  soft,  and  in  all 
respects  an  excellent  water  for  the  purposes  of  a  public  water 
supply.  After  pumping  for  nearly  six  days,  however,  from  these 
wells  another  sample  was  collected,  and  the  character  of  the  water 
was  found  to  have  undergone  a  decided  change  and  to  be  much 
less  satisfactory.  Should  this  deterioration  continue  with  steady 
pumping,  as  has  been  the  case  in  some  other  places  in  the  State, 
the  water  would  become  objectionable. 

The  watershed  above  the  point  where  the  wells  are  located  was 
examined  and  its  area  determined  approximately  by  sketching  its 
outlines  upon  the  topographical  map  of  the  State,  and  subsequently 
measuring  it.  This  area  was  found  to  be  so  small  that  the  total 
amount  of  water  flowing  from  it,  through  the  brook  and  through 
the  ground,  in  a  dry  year  would  not  be  in  excess  of  the  require- 
ments of  a  water  supply  for  Methuen,  having  due  regard  to  future 
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needs.  It  was  obvious  from  an  examination  of  the  watershed  that 
much  of  the  water  would  flow  off  through  the  brook,  particularly 
in  the  spring  of  the  year,  so  that  the  supply  to  be  obtained  from 
the  ground  would  be  much  less  than  the  total  flow  from  the  water- 
shed, and  probably  not  enough  during  the  dryer  portions  of  a  dry 
year  to  supply  the  town  as  soon  as  water  is  generally  introduced. 

On  July  5  the  water  commissioners  of  Methuen  again, 
applied  to  the  Board  for  its  advice  upon  the  question  of 
taking  a  water  supply  for  the  town  from  wells  driven  near 
the  Spicket  River  at  the  junction  of  the  brook  leading  from 
Harris  Pond.  The  Board  replied  to  this  application  as- 
follows :  — 

Boston,  July  25, 1893. 

In  response  to  your  application  of  July  5,  1893,  with  regard  to 
a  proposed  water  supply  for  the  town  of  Methuen,  to  be  taken  from 
driven  wells  located  near  the  Spicket  River  near  the  point  where 
it  is  joined  by  the  brook  leading  from  Harris  Pond,  the  Board  has- 
caused  an  examination  of  the  locality  and  an  analysis  of  a  sample 
of  water  sent  in  by  you  from  one  of  these  wells  to  be  made.  The 
analysis  showed  that  the  water  sent  in  was  of  excellent  quality  for 
the  purposes  of  a  public  water  supply.  Judging  from  the  tests 
made  under  your  direction,  and  from  an  examination  of  the  terri- 
tory in  the  vicinity  of  the  test  wells,  it  is  probable  that  a  sufficient 
supply  for  the  town  for  at  least  a  few  years  may  be  obtained  from 
the  ground  near  where  the  tests  have  been  made,  and  this  location 
has  the  great  advantage  that  it  is  well  situated  for  taking  a  supple- 
mentary supply  of  water  from  Harris  Pond  whenever  the  quantity 
of  water  which  can  be  obtained  from  the  ground  proves  insufficient. 

Newburyport.  In  the  report  of  the  State  Board  of 
Health  to  the  Legislature,  dated  Jan.  10, 1893  (Senate  Docu- 
ment 4,  1893),  it  was  stated  that  the  water  of  the  Merrimack 
River  had  been  furnished  directly  to  the  citizens  of  Newbury- 
port by  the  Newburyport  Water  Company,  and  that  a  letter 
had  been  sent  to  the  Newburyport  Water  Company,  Novem- 
ber 3,  informing  them  that  the  water  of  the  Merrimack  River 
was  unfit  for  domestic  use,  and  advising  them  to  obtain  a 
further  supply  of  pure  water  without  delay.  This  advice 
having  been  disregarded  by  the  company,  an  epidemic  of 
typhoid  fever  took  place  in  January  and  February,  1893, 
among  the  citizens  of  Newburyport.     The  Board  then  ad- 
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dressed  the  following  communication  to  the  mayor  of  New- 
buryport :  — 

Boston,  March  3, 1883. 
To  the  Mayor  of  Newburyport, 

Dear  Sir  :  —  On  the  3d  of  November,  1892,  having  learned  that 
the  Newburyport  Water  Company  had  at  times  pumped  the  water 
of  the  Merrimack  River  and  distributed  it  to  the  citizens  of  New- 
buryport, the  State  Board  of  Health  addressed  the  following  letter 
to  the  company  :  — 

The  Board,  as  a  result  of  extended  examinations  of  the  effect  of  using 
the  Merrimack  River  water  at  Lowell  and  Lawrence,  reached  the  con- 
clusion that  it  is  to  this  cause  that  the  excessive  mortality  from  typhoid 
fever  in  these  cities,  as  well  as  the  very  severe  epidemic  of  this  disease 
in  the  winter  of  1890-91,  may  be  ascribed.  The  condition  of  this  river 
at  Newburyport  is  worse  than  at  either  Lowell  or  Lawrence,  owing  to 
the  added  sewage  of  the  cities  of  Lawrence  and  Haverhill,  and  the  town 
of  Amesbury. 

In  view  of  this  condition  of  affairs,  the  Board  is  of  opinion  that  the 
Newburyport  Water  Company  should  obtain  a  further  supply  of  pure 
water  without  delay,  so  that  there  will  be  no  further  occasion  for  pump- 
ing water  directly  from  the  river. 

In  the  Twenty-second  Annual  Report  of  this  Board,  page  527, 
it  was  shown  that  the  introduction  of  a  pure  water  supply  into 
Newburyport  in  1881  was  followed  by  a  reduction  in  the  death-rate 
from  typhoid  fever  of  more  than  one-half. 

It  now  appears  from  an  investigation  recently  made  by  this 
Board  that  the  frequent  pumping  of  a  considerable  quantity  of  the 
water  of  the  river  has  been  followed  very  closely  by  an  epidemic 
of  typhoid  fever  among  your  citizens.  This  epidemic,  in  the  opinion 
of  the  Board,  is  due  to  the  use  of  the  river  water,  following  an  in- 
creased prevalence  at  places  higher  up  the  stream. 

These  results  emphasize  still  more  strongly  the  opinion  of  the 
Board  expressed  in  its  letter  of  November  last  to  the  Newburyport 
Water  Company,  relative  to  the  necessity  of  "  obtaining  a  further 
supply  of  pure  water  without  delay,"  and  in  the  opinion  of  the 
Board  such  a  supply  cannot  be  obtained  by  developing  the  present 
spring-water  sources. 

The  mayor  of  Newburyport  applied  to  the  State  Board 
of  Health,  April  13,  1893,  for  advice  as  to  taking  the  water 
of  Artichoke  River,  in  that  city  and  the  town  of  West  New- 
bury, as  a  source  of  water  supply  for  the  city,  such  water  to 
be  purified  either  by  artificial  or  natural  filtration  through 
sand.     The  Board  replied  as  follows :  — 
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Borrow,  April  24, 1883. 

An  examination  of  this  source  shows  that  by  the  construction  of 
a  storage  reservoir  as  proposed  it  can  be  made  to  furnish  a  suf- 
ficient quantity  of  water  for  the  city  of  Newburyport  for  a  long 
time  in  the  future.  With  regard  to  the  quality  of  the  water  the 
examinations  thus  far  made  show  it  to  be  a  water  of  fair  quality, 
but  it  would  not  probably  be  satisfactory  for  drinking  purposes 
without  filtration.  The  Board  is  of  opinion  that  it  will  be  feasible 
to  so  filter  this  water  that  in  connection  with  the  existing  works, 
or  independent  of  them,  an  ample  and  satisfactory  supply  for  the 
city  can  be  obtained. 

The  Board  makes  a  reply  at  this  time  instead  of  waiting  for  your 
further  surveys  and  investigations  because  it  understands  that  its 
advice  is  desired  now  in  connection  with  pending  legislation,  and 
will  advise  you  further  with  regard  to  the  filtration  of  the  water 
when  the  results  of  the  further  surveys  and  investigations  are  pre- 
sented. 

North  Andover.  The  committee  on  water  supply  of  the 
town  of  North  Andover  applied  to  the  Board,  Dec.  13,  1892, 
for  advice  relative  to  taking  the  water  of  Great  Pond  in  that 
town  for  a  public  water  supply.  The  Board  replied  to  this 
application  as  follows :  — 

Boston,  Jan.  16, 1892. 

The  State  Board  of  Health  has  considered  your  application 
dated  Dec.  14,  1892,  with  regard  to  a  proposed  water  supply  for 
the  town  of  North  Andover,  to  be  taken  from  Great  Pond  within 
said  town. 

The  Board  has  caused  examinations  of  the  pond  and  analyses  of 
its  water  to  be  made,  and  finds  that  the  water  is  of  satisfactory 
quality  for  all  the  purposes  of  a  public  water  supply  and  that  the 
quantity  of  water  which  the  pond  will  furnish  is  many  times  in 
excess  of  the  quantity  which  will  be  required  for  the  supply  of  the 
town. 

The  Board  is  therefore  of  opinion  that  Great  Pond  in  North 
Andover  is  an  appropriate  source  from  which  to  take  a  water  sup- 
ply for  the  town. 

Peabody.  The  Water  Board  of  the  town  of  Peabody  sent 
the  following  communication  to  the  State  Board  of  Health, 
April  18,  1893,  relative  to  the  threatened  pollution  of  their 
water  supply  by  drainage  from  new  settlements  upon  the 
immediate  watersheds  of  the  two  ponds  used  as  water 
supplies :  — 
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Pbabodt,  Mam.,  April  18,  1893. 
State  Board  of  Health,  Boston,  Mass. 

Gentlemen  :  —  By  a  vote  of  the  water  board,  I  am  instructed 
to  respectfully  represent  to  you  a  matter  of  vital  importance  to 
the  town  of  Peabody.  Parties  have  purchased  the  land  north  of 
Spring  and  Brown's  ponds,  the  water  supply  of  the  town,  and 
have  cut  it  up  into  house  lots,  and  as  the  land  on  both  places  slopes 
toward  the  ponds,  the  matter  of  polluting  the  water  in  the  ponds 
is  deemed  of  such  great  importance  to  the  town  that  the  Water 
Board  would  respectfully  request  that  a  member  of  the  State  Board 
of  Health  come  here  some  time  to  look  over  the  premises,  and  sug- 
gest some  remedy,  if  possible. 

Yours  respectfully, 

Henry  Baetje, 

Clerk,  Water  Board. 

In  compliance  with  this  request  of  the  water  board  of 
Peabody,  the  secretary  of  the  State  Board  visited  the  sources 
of  water  supply  of  the  town,  in  company  with  the  water 
board,  and  afterward  addressed  a  letter  to  them,  by  instruc- 
tions of  the  State  Board  of  Health,  giving  such  information 
as  to  existing  statutes  as  would  be  serviceable  for  the  pro- 
tection of  their  water  supplies  from  pollution. 

Rockport.  An  application  was  received  from  H.  N. 
Woods  and  others,  and  tJie  selectmen  of  Rockport,  Jan.  4, 
1893,  asking  the  advice  of  the  Board  relative  to  the  taking 
of  a  public  water  supply  from  Cape  Pond,  or  Mill  Pond 
Brook  in  that  town,  and  in  the  event  of  these  sources  prov- 
ing unsuitable,  from  the  Gloucester  Water  Company.  The 
Board  replied  as  follows :  — 

Boston,  Feb.  18, 1893. 

An  application  with  regard  to  Cape  Pond  as  a  source  of  water 
supply  for  Rockport  was  made  to  the  Board  on  March  18,  1890, 
and  the  reply  of  the  Board  dated  March  26, 1890,  was  as  follows  :  — 

The  Board  has  caused  samples  of  water  to  be  taken  from  the  pond  and 
has  had  them  submitted  to  chemical  and  microscopical  examination. 
The  water  at  the  present  time  is  not  found  by  either  examination  to  be 
of  satisfactory  quality.  It  contained  an  unusually  large  number  of  or- 
ganisms, and  is  therefore  specially  liable  to  bad  tastes  and  odors,  such 
as  have  affected  many  water  supplies  in  the  State.  It  is  also  shown  by 
analysis  to  contain  a  large  amount  of  ammonia,  which  indicates  the 
presence  of  decaying  matter.    It  is  not  feasible  to  tell  whether  the  water 
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at  the  present  time  is  better  or  worse  than  at  other  seasons  of  the  year ; 
but,  as  a  rule,  the  quality  of  the  water  of  ponds  is  worse  in  the  summer. 
In  view  of  this  unsatisfactory  condition  of  the  water,  the  Board  cannot 
at  the  present  time  advise  that  this  pond  will  be  a  desirable  source  of 
supply  for  the  town  of  Rockport,  unless  the  water  supplied  is  first 
efficiently  filtered.  If  it  should  be  found  by  subsequent  examinations 
that  the  water  of  this  pond  is  better  at  other  seasons  of  the  year  than  at 
the  present  time,  the  Board  might  have  occasion  to  modify  the  advice 
above  given. 

Since  the  above  date  four  samples  of  water  were  collected  from 
the  pond,  in  August  and  October,  1892,  which  showed  by  the 
chemical  examination  the  presence  of  more  organic  matter  than  is 
desirable  in  water,  and  by  the  microscopical  examination  the 
presence  of  a  large  variety  and  number  of  organisms.  On  the 
whole,  however,  these  samples  indicated  that  the  water  was  of 
better  quality  than  in  1890.  A  sample  collected  in  February,  1893, 
shows  still  less  organic  matter  and  fewer  organisms,  so  that  the 
water  as  represented  by  the  last  sample  may  be  considered  as  of 
satisfactory  quality  for  water  supply  purposes.  Notwithstanding 
these  changes  for  the  better  in  the  organic  matters  in  the  water, 
the  mineral  contents  show  that  there  is  an  increasing  pollution  of 
the  pond  by  the  waste  matters  which  come  from  the  glue  factory 
upon  the  watershed,  and  there  is  little  doubt  that  if  these  waste 
matters  continue  to  affect  the  pond  the  water  will  be  specially 
liable  to  bad  tastes  and  odors  caused  by  too  great  an  amount  of 
organic  matter  and  too  many  organisms  in  the  water,  whereas  if 
the  waste  matters  were  removed  from  the  watershed  so  that  they 
could  not  affect  the  pond  by  direct  flow  into  it,  or  by  filtration 
through  the  ground,  the  quality  of  the  water  would  probably  im- 
prove to  a'  considerable  extent  in  two  or  three  years,  and  after  a 
longer  term  of  years  the  water  in  the  pond  would  resume  its  natural 
character. 

The  Board  is  therefore  of  opinion  that  this  pond  should  not  be 
used  for  water  supply  purposes  unless  the  pollution  of  its  water 
ceases,  but  that  if  the  pollution  is  stopped  the  water  will  become 
of  satisfactory  quality  for  the  supply  of  the  town. 

With  regard  to  the  quantity  of  water  which  this  pond  will  fur- 
nish, it  will  probably  supply  sufficient  water  for  the  present  popu- 
lation of  the  town  but  not  enough  to  provide  for  a  growth  of 
population,  and  in  designing  works  for  taking  a  supply  it  would  be 
well  to  take  into  account  the  need  of  an  additional  supply,  which 
can  probably  be  obtained  from  the  streams  which  come  from  a 
northerly  direction  into  the  brook  which  flows  from  Cape  Pond,  or 
possibly  from  wells  in  the  low  land  through  which  this  brook  flows. 
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Millpond  Brook,  so-called,  is  naturally  inferior  to  Cape  Pond  as 
&  source  of  water  supply  for  Rockport,  and  it  is  very  doubtful  if  it 
could  be  made  to  furnish  a  sufficient  quantity  of  water  for  even  tbe 
present  population. 

Salem.  The  water  commissioners  of  Salem  applied  to 
the  State  Board  of  Health,  Feb.  17,  1893,  for  advice  relative 
to  increasing  the  present  water  supply  of  the  city  by  taking 
water  from  Beaver  and  Norwood's  ponds  and  Longham 
Meadow,  certain  regions  which  are  tributary  to  Miles  River, 
and  conveying  the  same  by  a  canal  to  Wenham  Lake,  the 
present  source  of  supply.     The  Board  replied  as  follows :  — 

Boston,  April  4, 1893. 

Investigations  of  the  present  source  of  water  supply  for  Salem 
and  Beverly  (Wenham  Lake)  show  that  the  safe  capacity  of  this 
source  has  been  exceeded  to  a  considerable  extent,  and  that  a  new 
supply  should  be  provided  by  the  end  of  1893  if  not  before.  The 
most  economical  source  from  which  to  obtain  such  a  supply  is  that 
referred  to  in  the  application,  as  these  brooks,  at  the  point  where 
their  waters  can  be  diverted,  are  only  about  half  a  mile  from  Wen- 
ham Lake,  and  so  few  feet  below  its  level  that  the  water  can  be 
diverted  into  the  lake  without  pumping  by  raising  the  water  of  the 
brooks  by  means  of  a  low  dam. 

Since  your  application  was  made  two  sets  of  analyses  of  water 
from  these  brooks  have  been  made.  The  first  one  was  made  on 
March  1st,  when  there  was  a  large  amount  of  snow  on  the  ground 
and  very  little  water  running  in  the  streams.  At  this  time  the 
water  was  very  dark-colored  and  had  a  disagreeable  odor  and  taste, 
so  that  it  would  be  wholly  unsatisfactory  as  a  source  of  water  sup- 
ply if  taken  directly  into  the  pipes.  The  next  sample  was  taken 
on  March  15th  when  a  large  part  of  the  snow  had  melted  and  a 
great  amount  of  water  was  flowing  in  the  streams.  The  water  of 
the  Longham  Meadow  Brook  at  this  time,  although  somewhat  tur- 
bid, owing  to  the  presence  of  earthy  matter,  had  only  one-third  as 
much  color  as  on  March  1st  and  was  in  other  respects  a  much 
better  water.  The  water  of  the  brook  flowing  from  Norwood's 
Pond  also  showed  a  very  decided  improvement,  but  not  as  much  as 
in  the  other  case,  as  the  water  from  the  melting  snow  had  not  had 
time  to  crowd  out  all  the  water  previously  in  the  ponds  on  this 
stream. 

If  the  water  of  these  streams  was  turned  into  Wenham  Lake 
near  its  outlet,  as  is  now  proposed,  it  would  mingle  with  the  water 
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of  the  lake,  making  a  mixture  very  much  better  than  the  water 
coming  from  the  brooks,  and,  in  addition,  the  water  standing  for 
so  long  a  time  before  being  used  as  it  would  in  so  large  a  body  of 
water  as  Wenham  Lake  would  improve  to  a  very  considerable  ex- 
tent by  bleaching  and  sedimentation.  In  order,  however,  to  main- 
tain as  nearly  as  possible  the  present  standard  of  Wenham  Lake 
water,  it  is  highly  desirable  that  only  so  much  water  as  may  be 
necessary  should  be  turned  into  the  lake  from  these  brooks,  and 
that  it  should  be  turned  in  at  the  season  of  the  year  when  the  water 
in  the  brooks  is  in  its  best  condition. 

The  stream  at  the  proposed  point  of  diversion  is  as  before  indi- 
cated lower  than  the  lake  ;  and,  in  order  to  divert  the  water  into 
the  lake  by  gravity,  it  is  necessary  to  raise  the  water  in  the  stream 
by  means  of  a  dam.  The  question  has  therefore  been  raised  as  to 
whether  it  is  not  best  to  make  a  dam  high  enough  to  form  a  large 
reservoir  which  will  furnish  a  valuable  addition  to  the  present  stor- 
age capacity.  The  surveys  of  this  reservoir  have  not  yet  been 
completed  and  it  is  not  feasible  to  tell  from  observation  alone 
what  its  character  will  be.  It  seems  probable,  however,  that 
unless  a  very  large  amount  of  money  is  spent  in  its  preparation 
the  water  would  deteriorate  to  a  very  considerable  extent  by  stand- 
ing in  it  and  that,  at  the  present  time,  it  would  be  better  to  con- 
struct a  dam  having  only  sufficient  height  to  turn  the  water  into 
the  lake.  Even  a  low  dam  at  this  place  will  flow  the  water  back 
for  a  long  distance  up  the  valley  of  the  Longham  Meadow  Brook, 
and  if  the  reservoir  is  to  be  kept  filled  at  all  seasons  of  the  year  it 
should  be  prepared  to  receive  this  water  by  the  removal  of  all  soil 
and  vegetable  matter  and  the  deepening  or  filling  of  the  shallower 
portions.  If,  however,  the  reservoir  should  be  filled  to  divert 
water  into  the  lake  only  in  the  winter  and  spring  it  is  not  improb- 
able that  satisfactory  results  may  be  obtained  by  a  less  expensive 
preparation. 

It  may  be  feasible  by  ditching  or  otherwise  draining  the  swampy 
lands  or  ponds  upon  the  watersheds  of  these  brooks  to  greatly 
improve  the  quality  of  the  water  flowing  in  them,  and  the  Board 
would  advise  that  this  question  of  the  improvement  of  these  sources 
should  be  investigated  and  that  any  act  authorizing  the  taking  of 
these  sources  should  contain  such  provisions  as  will  permit  this 
work  to  be  done. 

The  total  area  drained  by  these  streams  is  much  larger  than  that 
now  supplying  Wenham  Lake,  and,  in  connection  with  Wenham 
Lake  and  its  watershed,  should  furnish  a  supply  of  water  for  Salem 
and  Beverly  for  a  long  time  in  the  future  without  building  a  large 
storage  reservoir,  provided  the  water  is  economically  used. 
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The  amount  of  water  now  consumed  by  Salem  and  Beverly,  as 
given  in  the  annual  reports  of  the  water  boards,  is  unusually  large 
for  such  communities,  and  the  Board  would  therefore  advise  that 
measures  should  be  taken  to  restrict  the  waste  of  water ;  not,  how- 
ever, with  the  expectation  that  the  need  of  an  additional  supply  can 
be  avoided,  but  rather  with  a  view  to  maintaining  as  nearly  as  pos- 
sible the  present  standard  of  quality  of  the  water  supply  by  adding 
to  it  as  little  water  from  the  new  sources  as  possible,  and  also  with 
a  view  to  making  the  proposed  addition  provide  for  as  far  in  the 
future  as  possible. 

Taking  everything  into  consideration  the  Board  is  of  opinion 
that  the  two  streams  mentioned  in  your  application,  including  with 
them  a  small  portion  of  the  main  stream  below  their  confluence, 
are  the  most  appropriate  sources  for  obtaining  an  additional  water 
supply  for  Salem  and  Beverly. 

The  Board  has  given  its  present  views  in  a  general  way  as  to  the 
best  method  of  obtaining  such  a  supply  from  these  sources,  but 
will  advise  you  more  in  detail  when  you  have  made  a  further  study 
of  the  subject  and  can  present  more  definite  plans. 

Saunders ville.  The  treasurer  of  the  Saunders  Cotton 
Mills  in  Grafton,  applied  to  the  Board,  October  18,  for  ad- 
vice as  to  supplying  the  mill  and  houses  in  its  neighborhood 
with  water  from  springs  upon  a  hill  near  the  village.  The 
Board  replied  as  follows  :  — 

Boston,  Nov.  2,  1893. 

The  Board  has  caused  an  analysis  of  the  water  from  one  of 
these  springs,  and  an  examination  of  the  territory  from  which 
they  derive  their  supply,  to  be  made.  The  water  is  very  soft  and 
of  suitable  quality  for  ail  the  purposes  of  a  water  supply,  and  the 
covering  which  you  propose  to  put  on  the  reservoir  will  tend  to 
preserve  the  good  quality  of  the  water  when  it  is  stored.  In  order 
to  maintain  the  purity  of  the  spring  water,  care  should  be  taken  to 
exclude  ail  surface  water. 

Judging  from  the  quantity  of  water  discharging  from  the  springs 
at  the  time  the  examination  was  made  by  the  engineer  of  the  Board, 
and  from  statements  made  to  him  as  to  the  permanence  of  these 
springs,  it  seems  probable  that  they  will  furnish  enough  water  to 
make  them  a  valuable  source  of  supply  for  the  mill  and  the  houses 
in  its  vicinity. 

In  addition  to  the  sample  of  water  from  the  spring,  another 
sample,  taken  from  a  well  which  now  supplies  water  to  the  mill, 
was  analyzed.     This  analysis  shows  that  a  portion  of  the  water 
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coming  to  this  well  has  at  some  time  been  polluted  and  afterwards 
thoroughly  purified  by  its  passage  through  the  ground  to  the  well. 
While  there  is  no  reason  to  think  that  this  water,  in  its  present 
condition,  would  be  injurious  to  the  health  of  those  drinking  it, 
it.  is  a  much  less  desirable  source  of  domestic  supply  than  the 
springs  on  the  hill. 

Scituate.  M.  R.  Simmons  and  others,  and  the  selectmen 
of  Scituate  applied  to  the  Board,  Dec.  10,  1892,  for  its 
advice  relative  to  taking  water  for  supplying  the  village  of 
Scituate  Harbor,  from  the  valley  of  Satuit  Brook  in  that  vil- 
lage.    The  Board  replied  as  follows :  — 

Boston,  Feb.  21,  1893. 

The  general  outlook  for  obtaining  a  sufficient  quantity  of  water 
for  present  and  future  requirements  from  the  ground  where  the  test 
wells  are  located  is  favorable  both  as  regards  the  area  and  topog- 
raphy of  the  watershed  from  which  the  supply  would  come,  and 
because  the  test  wells  show  the  presence  of  a  layer  of  porous  sand 
from  which  water  can  be  drawn.  The  amount  of  water  to  be  ob- 
tained, however,  will  depend  upon  the  extent  of  this  porous  layer, 
and  the  freedom  with  which  water  can  be  pumped  from  it,  and  it 
will  be  advisable  to  make  some  further  tests  to  determine  these  feat- 
ures before  constructing  works. 

The  sample  of  water  collected  from  a  flowing  test  well  is  of  good 
quality,  and  it  seems  probable  that  the  quality  of  the  water  will 
remain  good  when  a  supply  is  pumped  from  the  ground.  In  some 
cases,  however,  the  quality  of  water  from  wells  in  a  meadow  dete- 
riorates when  pumped,  and  it  would  be  well  to  have  additional 
samples  analyzed  when  a  pumping  test  is  made. 

Sharon.  The  board  of  health  of  Sharon,  under  instruc- 
tions from  the  town,  requested  the  advice  of  the  State  Board 
of  Health,  Aug.  28,  1893,  with  reference  to  the  possible  pol- 
lution of  the  public  water  supply  of  the  town,  under  existing 
conditions,  and  as  to  the  best  practicable  method  of  assuring 
its  purity  in  the  future.     The  Board  replied  as  follows  :  — 

Boston,  Oct.  6, 1893. 
When  any  part  of  the  territory  from  which  a  well  derives  its 
supply  is  populated  and  the  waste  waters  of  this  population  are 
discharged  into  the  ground,  these  waters  percolate  downwards  until 
they  reach  the  level  of  the  water  in  the  ground,  and  then,  mingling 
with  the  natural  ground  water,  filter  slowly  toward  the  well.     In 
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such  a  case  the  dissolved  mineral  matters  (for  instance,  common 
salt,  and  the  salts  of  lime  and  magnesia  which  make  water  hard) 
are  not  removed  by  the  filtration ;  bat  the  organic  matters  may  be 
decomposed  and  wholly  transformed  into  harmless  mineral  matters 
by  filtering  through  the  ground  for  a  sufficient  distance. 

The  State  Board  of  Health  has  caused  chemical  analyses  of  water 
from  the  well  of  the  Sharon  Water  Company  to  be  made  from  time 
to  time  since  June,  1887,  the  last  analysis  being  made  in  Septem- 
ber, 1893.  These  analyses  show  the  presence  in  the  water  of  some 
of  the  mineral  matters  due  to  the  population  upon  the  territory  from 
which  water  filters  toward  the  well,  and  the  water,  although  not 
hard,  is  harder  than  it  would  be  if  it  were  not  for  the  population 
upon  this  territory.  They  also  show  that  such  polluted  waters  as 
have  mingled  with  the  ground  water  have  been  very  thoroughly 
purified  at  all  times,  and  the  recent  analysis  fails  to  reveal  even  a 
trace  of  organic  matter.  It  may  therefore  be  said  that  the  water 
is  very  pure  at  the  present  time. 

There  is  scarcely  a  doubt  that  the  waste  waters  discharged  into 
the  ground  from  the  more  distant  points  will  continue  to  be 
thoroughly  purified  before  reaching  the  well,  and  the  effect  of  an 
increase  in  population  at  these  points  would  be  to  increase  the 
hardness  of  the  water  rather  than  to  render  it  injurious  to  health. 
There  is  a  greater  probability  that  the  water  may  at  some  time  be 
polluted  by  the  wastes  which  enter  the  ground  at  nearer  points,  say 
within  a  distance  of  from  600  to  800  feet  from  the  well ;  and  it  is 
highly  desirable  that  within  this  distance  this  method  of  disposing 
of  the  waste  matters  shall  cease. 

If  there  should  be  a  very  large  increase  of  population  upon  the 
more  distant  territory  which  contributes  water  to  the  well,  it  may 
be  necessary  at  some  time  in  the  future  to  provide  a  water-tight 
system  of  sewers  to  carry  off  the  liquid  wastes,  or  to  obtain  the 
water  supply  from  some  new  location. 

Southbridge.  The  Southbridge  Water  Supply  Company 
applied  to  the  Board  for  its  advice,  Sept.  5,  1893,  relative 
to  the  question  of  increasing  the  public  water  supply  by 
building  a  new  dam  about  one  mile  south  of  the  present 
upper  reservoir,  and  as  to  the  improvement  of  the  present 
supply  and  storage  capacity.  The  Board  replied  as  fol- 
lows :  — 

Boston,  Oct.  13,  1893. 
We  are  informed  by  your  engineer  that  this  new  reservoir  will 
have  sufficient  capacity  to  store  50,000,000  gallons ;    but,  as  you 
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have  not  made  surveys  of  the  watershed,  to  determine  its  area,  it 
is  not  feasible  to  advise  you  other  than  in  a  general  way  as  to  the 
quantity  of  water  which  this  source  will  furnish. 

It  is  also  the  case  that  when  this  source  was  inspected  by  an 
engineer  of  the  Board,  there  was  no  water  running  in  the  stream 
at  the  site  of  the  proposed  dam,  so  that  it  was  not  possible  to  get 
a  sample  of  water  for  analysis.  The  inspection  of  the  watershed 
by  this  engineer,  however,  indicated  that  the  water  flowing  from  it 
was  naturally  of  good  quality,  and  that  more  water  could  probably 
be  obtained  from  this  source  than  from  the  present  works. 

The  water  would  probably  deteriorate  somewhat  by  storage  in 
this  large  reservoir,  in  any  case ;  but  much  more  if  the  reservoir 
is  not  cleaned,  than  if  it  is  thoroughly  cleaned  by  the  removal  of 
all  soil  and  vegetable  matter. 

In  answer  to  your  second  question  asking  the  advice  of  the 
Board  with  regard  to  the  improvement  of  the  present  supply,  it 
may  be  said  that  it  does  not  appear  feasible  to  increase  the  storage 
in  a  satisfactory  manner  nor  to  materially  increase  the  quantity  in 
any  other  way.  It  should  also  be  borne  in  mind  that  if  you  adopt 
the  new  source  and  construct  the  large  proposed  reservoir  upon  it, 
it  will  be  feasible  to  operate  the  two  systems  together  so  as  to 
utilize  some  of  the  water  which  now  flows  to  waste  over  the  lower 
dam  of  your  present  works  in  the  spring  of  the  year.  For  example, 
when  enough  additional  water  takers  have  been  connected  with  the 
works  to  use  ail  of  the  water  which  the  present  and  proposed 
works  will  furnish  in  a  dry  time,  it  may  frequently  happen  that  the 
lower  reservoir  will  be  overflowing,  while  the  proposed  reservoir,, 
owing  to  its  large  size,  will  not  be  full.  At  such  times  it  will  be 
feasible  to  supply  the  greater  part  of  the  town  from  the  old  source, 
thereby  permitting  less  of  the  water  to  flow  to  waste,  and  reserving 
the  water  of  the  proposed  reservoir  for  use  during  the  drier  portions 
of  the  year. 

With  regard  to  the  improvement  of  the  quality  of  the  present 
supply,  the  measures  suggested  are  the  removal  of  any  organic 
matter  which  may  be  in  the  reservoir,  and  the  ditching  of  any 
lands  of  a  swampy  nature  over  or  through  which  the  streams  flow 
to  the  reservoirs,  so  as  to  prevent,  as  far  as  possible,  the  water 
from  coming  into  contact  with  organic  matter  or  standing  upon  the 
surface  of  these  lands. 

It  is  improbable  that  your  present  and  proposed  works  together 
will  furnish  as  much  water  as  ought  to  be  provided  for  a  large  and 
growing  town  like  Southbridge,  and  the  Board  would  therefore 
advise  that  you  have  thorough  investigations  made  with  a  view  to 
determining  the  best  source  for  the  permanent  supply  of  the  town. 
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Should  you  find  a  source  which  will  furnish  an  adequate  supply  of 
good  water  it  would  probably  be  a  measure  of  true  economy  to 
adopt  it  at  once,  rather  than  to  spend  money  upon  a  source  which 
in  a  very  few  years  is  likely  to  prove  inadequate,  if  the  pipe  sys- 
tem of  the  town  should  be  extended  to  any  considerable  extent. 
Should  your  investigations  of  the  larger  sources  lead  you  to  con- 
clude that  it  is  desirable  to  adopt  one  of  them,  the  Board  will  advise 
you  further  in  this  matter  when  you  shall  have  submitted  the  results 
of  your  investigations. 

The  Southbridge  Water  Supply  Company  submitted  a 
second  application,  Oct.  14, 1893,  stating  that  they  had  made 
the  investigations  ot  the  larger  sources  of  supply  suggested 
by  the  Board,  to  which  the  Board  replied  as  follows :  — 

Boston,  Dec.  8, 1893. 

The  State  Board  of  Health  received  from  you  on  Oct.  16,  1893, 
a  second  application  with  regard  to  increasing  the  water  supply  of 
the  town  of  Southbridge,  and  at  a  subsequent  date  received  a  plan 
of  a  storage  reservoir  which  it  is  proposed  to  build  on  Hatchet 
Brook. 

The  Board  has  caused  an  examination  of  the  premises  by  one  of 
its  engineers,  and  analyses  of  the  water  from  Hatchet  Brook  at 
the  site  of  the  proposed  dam,  from  one  of  its  principal  tributaries 
and  from  Hatchet  Pond  to  be  made.  The  examination  and  anal- 
yses showed  the  water  to  be  free  from  pollution,  and  that  it  is  soft 
and  of  suitable  quality  for  all  the  purposes  of  a  public  water  sup- 
ply. In  order  to  maintain  the  purity  of  the  water  when  it  is 
stored,  the  reservoir  should  be  prepared  for  use  by  the  removal  of 
all  soil  and  vegetable  matter  from  its  bottom  and  sides. 

With  regard  to  the  quantity  of  water,  this  source  with  a  storage 
reservoir  constructed  in  accordance  with  the  plan  submitted  should 
furnish  in  the  driest  year  a  sufficient  quantity  of  water  for  a  popu- 
lation considerably  in  excess  of  the  present  population  of  South- 
bridge,  and  it  is  capable  of  still  further  development. 

The  Board  therefore  concludes  that  Hatchet  Brook  at  the  pro- 
posed point  of  taking  is  a  suitable  source  of  water  supply  for  the 
town  of  Southbridge. 

South  Deerfield.  The  South  Deerfield  Water  Company 
applied  to  the  Board,  Nov.  17,  1893,  for  its  advice  as  to  the 
propriety  of  taking  Clapp's  Trout  Brook  as  a  water  supply 
for  South  Deerfield.     The  Board  replied  as  follows  :  — 
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Boston,  Dec.  14,  1893. 

Clapp's  Trout  Brook  is  a  small  stream  which  flows  down  the 
easterly  slope  of  the  range  of  hills  situated  about  two  miles  west 
of  the  village  of  South  Deerfield.  North  and  south  from  this 
brook  there  are  two  much  larger  streams  which  flow  from  the  same 
range  of  hills,  namely,  Roaring  Brook,  in  the  town  of  Whately, 
and  Mill  River,  of  which  Clapp's  Trout  Brook  is  a  branch,  in  the 
town  of  Conway.  Examinations  of  all  of  these  sources,  by  an 
engineer  of  the  Board,  and  analyses  of  the  water  have  been  made. 
The  analyses  show  in  all  cases  a  water  of  excellent  quality,  slightly 
harder  than  most  of  the  drinking  waters  of  the  State,  but  yet  not 
hard  enough  to  be  objectionable  on  this  account.  There  was  little 
difference  in  the  hardness  of  the  samples  from  Clapp's,  Trout 
Brook  and  Roaring  Brook,  though  the  latter  had  a  slight  advan- 
tage in  this  respect.  The  sample  of  water  from  Mill  River  was 
considerably  harder  than  either  of  the  others. 

The  quantity  of  water  which  Clapp's  Trout  Brook  will  furnish 
in  a  very  dry  year  cannot  be  accurately  estimated  from  the  infor- 
mation now  in  the  possession  of  the  Board.  It  is  obvious,  how- 
ever, from  an  examination  of  the  territory  and  of  the  State  map, 
that  the  area  drained  by  the  brook  is  quite  small,  and  it  is  doubt- 
ful if  this  source  will  furnish  enough  water  in  a  dry  year  to  supply 
the  village  of  South  Deerfield,  after  the  water  has  been  generally 
introduced. 

Roaring  Brook  will  certainly  furnish  ail  the  water  required,  and 
Mill  River,  above  the  point  where  its  water  can  be  diverted  to  the 
village  by  gravity,  will  probably  furnish  a  sufficient  quantity  of 
water.  The  latter  source  has  the  objection,  however,  that  it  is 
much  further  from  the  village. 

With  its  present  information  the  Board  does  not  advise  the  adop- 
tion of  Clapp's  Trout  Brook  as  a  source  of  supply  for  the  village ; 
but  it  might  modify  its  views  if  surveys  should  show  that  the  water- 
shed has  a  larger  area  than  is  now  supposed,  or  should  show  that 
it  is  feasible  to  build  a  reservoir  or  reservoirs  upon  it,  in  which  to 
store  a  sufficient  amount  of  water  to  tide  over  dry  periods.  There 
seems  to  be  no  doubt  that  a  satisfactory  supply  of  water  can  be 
obtained  from  Roaring  Brook. 

The  Board  advises  you  to  have  further  investigations  made  to 
determine  whether  Clapp's  Trout  Brook  will  furnish  a  sufficient 
supply  of  water,  and,  if  it  will  not,  to  determine  whether  it  is  not 
feasible  to  obtain  a  supply  from  Roaring  Brook.  When  you  have 
further  information  to  present  the  Board  will  advise  you  further 
in  this  matter. 
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Stoughton.  The  water  commissioners  of  Stoughton 
sent  a  communication  to  the  Board,  Sept.  7,  1893,  stating 
that  works  recently  completed  for  supplying  water  to  the 
town  had  proved  wholly  inadequate,  and  that  the  commis- 
sioners desired  the  advice  of  the  Board  relative  to  taking 
some  new  source  or  devising  some  method  of  obtaining  a 
larger  supply  from  the  present  plant.  The  Board  replied  as 
follows :  — 

Boston,  Oct.  13, 1893. 

In  April  of  last  year  the  Board  received  from  you  an  application 
for  its  advice  with  regard  to  a  new  water  supply  for  the  town  of 
Stoughton,  in  which  you  designated  the  region  near  Knowles 
Brook  and  Muddy  Pond  for  the  consideration  of  the  Board.  In 
the  reply  to  this  application,  dated  May  5, 1892,  the  Board,  in  giv- 
ing the  relative  capacities  of  the  two  sources  mentioned,  estimated 
that  the  Muddy  Pond  source  would  furnish  a  supply  for  nearly  if 
not  quite  double  the  present  population  of  Stoughton,  but  qualified 
the  statement  by  saying  tbat  u  these  estimates  are  based  upon  the 
assumption  that  loose  gravelly  ground  can  be  found  in  both  of  these 
locations  to  a  depth  of  from  thirty  to  forty  feet,  and  may  require 
modification  if  examinations  of  the  ground,  which  should  be  made 
before  any  final  decision  is  reached,  show  that  this  is  not  the  case." 
The  reply  concluded  with  the  following  statement :  —  "  The  Board 
is  therefore  of  the  opinion  that  the  most  appropriate  source  from 
which  to  obtain  a  water  supply  for  Stoughton  is  the  ground  in  the 
vicinity  of  Muddy  Pond,  provided  further  examinations  show  that 
porous  material  at  this  place  is  of  sufficient  depth  and  extent." 

The  new  well  has  been  located  one-quarter  of  a  mile  or  more 
below  Muddy  Pond,  and,  owing  to  its  location,  the  slight  depth  to 
which  the  water  in  it  can  be  drawn  down  with  the  present  arrange- 
ments for  taking  water,  and  probably,  also,  to  the  somewhat 
impervious  nature  of  the  material  in  which  the  well  was  sunk,  the 
quantity  of  water  which  it  will  supply  is  small.  Under  the  present 
conditions  it  is  obviously  desirable  to  bring  additional  water  to  the 
works  already  constructed,  if  it  can  be  done  at  a  reasonable  cost, 
rather  than  to  make  any  radical  changes  in  the  works. 

Near  the  upper  end  of  Muddy  Pond,  as  you  well  know,  there 
are  many  large  springs  outcropping  at  the  base  of  the  high  land 
which  partially  surrounds  the  pond.  There  is  no  reason  to  doubt 
that  this  spring  water,  as  it  comes  from  the  ground,  is  of  excellent 
quality ;  and  if  a  sufficient  quantity  of  such  water  can  be  turned 
into  the  present  pump  well  it  would  furnish  a  most  excellent  water 
supply  for  the  town. 
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The  outflow  from  Muddy  Pond  represents  quite  correctly  the 
total  volume  of  water  furnished  by  the  springs  above  referred  to, 
and  by  such  other  springs  as  may  be  located  in  the  bottom  of  the 
pond  or  in  the  swamp  surrounding  it.  A  measurement  of  the  out- 
flow from  the  pond  made  on  April  26,  1892,  showed  the  volume  to 
be  1,410,000  gallons  per  twenty-four  hours,  and  another  measure- 
ment made  on  Sept.  11,  1893,  showed  that  the  flow  was  then  fully 
1,000,000  gallons  per  twenty-four  hours.  The  comparatively 
small  difference  between  the  measurement  made  in  the  spring  of 
the  year,  when  the  flow  would  naturally  be  greatest,  and  in  the 
autumn,  when  the  flow  would  naturally  be  low,  shows  that  the 
yield  of  these  springs  is  remarkably  constant. 

The  smaller  quantity  of  water  is  about  four  times  as  large  as  the 
average  daily  quantity  required  to  supply  the  present  population 
of  S  tough  ton.  It  would  not  be  fair,  however,  to  reckon  that  this 
source  would  supply  four  times  the  present  population  of  Stough- 
ton,  because,  during  dryer  seasons,  the  springs  are  likely  to  be 
lower  than  at  the  present  time  ;  and  provision  is  also  to  be  made 
for  the  maximum  rate  of  consumption  in  summer,  rather  than  the 
average  rate  throughout  the  year.  There  now  appears  to  be  an 
abundant  supply  of  spring  water  for  a  much  larger  population 
than  that  of  Stoughton  entering  the  pond  from  the  springs,  which 
can  be  conveyed  by  an  intercepting  pipe  to  the  present  works. 
The  Board  would  therefore  advise  that  provision  should  be  made 
for  intercepting  the  spring  water  which  now  finds  its  way  into  the 
pond  before  the  water  has  been  exposed  to  the  light  or  come  in 
contact  with  the  vegetable  matter  in  the  swamp  surrounding  the 
pond,  and  for  conveying  the  intercepted  water  to  the  present 
works. 

While  the  main  feature  of  works  for  carrying  out  the  advice  above 
given  is  a  pipe  tapping  the  springs  and  extending  from  them  to  the 
present  works,  there  are  many  precautions  which  should  be  taken 
to  insure  success.  The  attempt  should  be  made  to  collect  all  of 
the  spring  water  which  enters  the  pond,  and  for  this  reason  the 
intercepting  pipe  should  be  everywhere  at  a  lower  level  than  the 
/.  water  in  the  pond.  In  order  to  intercept  the  water  of  the  springs, 
the  pipe  through  that  portion  of  its  length  where  the  springs  are 
located  should  be  laid  with  open  joints  and  surrounded  and  covered 
with  a  liberal  amount  of  screened  gravel.  Smaller  branch  pipes 
may  also  be  required  at  those  points  where  the  spring  water  out- 
crops in  the  greatest  quantity. 

The  pipe  laid  from  the  territory  where  the  water  would  be  col- 
lected to  the  present  works  should  be  of  large  size,  say  eighteen 
inches  in  diameter,  so  that  it  will  convey  the  water  to  the  vicinity  of 
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the  present  collecting  well  with  very  little  loss  of  pressure  due  to 
friction ;  and  this  pipe  should  communicate  with  the  12-inch  pipe 
leading  from  the  collecting  well  to  the  pump  well.  The  12-inch 
pipe  should  have  a  check  valve  on  it  above  the  point  where  the  new 
pipe  connects  with  it  to  prevent  the  water  from  backing  up  into 
the  collecting  well  and  being  lost  by  leakage  into  the  ground  about 
this  well.  It  will  also  be  necessary  to  make  the  joints  of  the  new 
pipe  water-tight  wherever  the  pressure  of  the  water  in  this  pipe 
will  cause  it  to  leak  out  through  the  joints. 

In  order  to  concentrate  the  flow  of  the  whole  twenty-four  hours 
so  that  it  can  be  pumped  in  the  daytime  it  will  be  necessary  to  stop 
the  flow  of  water  from  the  pipe  at  night  and  permit  it  to  back  up 
in  the  gravel  surrounding  and  in  the  vicinity  of  the  open-jointed 
pipe. 

The  Board  would  urge  upon  you  the  advisability  of  having  this 
new  work  done  in  a  liberal  and  thorough  manner  so  as  to  insure 
the  collection  of  all  of  the  spring  water  without  deterioration  of 
quality.  The  total  cost  of  doing  this  work  thoroughly  would  be 
but  a  very  small  percentage  of  the  whole  cost  of  the  system  of 
water  supply  for  the  town,  and  yet  it  represents  the  most  impor- 
tant part  of  the  whole  work,  namely  the  collection  of  an  ample 
.supply  of  excellent  water. 

Uxbridge.  The  committee  on  additional  water  supply 
for  the  town  of  Uxbridge  applied  to  the  Board,  March  18, 
1893,  for  its  advice  as  to  the  comparative  merits  of  Seagrave 
Brook  and  Cold  Spring  Brook  in  Uxbridge,  and  of  Mendon 
Pond  in  Mendon,  as  sources  of  water  supply  for  Uxbridge. 
The  Board  replied  as  follows :  — 

Boston,  April  4, 1893. 

The  Seagrave  Brook  drains  so  small  a  territory  that,  even  if 
extensive  storage  reservoirs  should  be  constructed  upon  it,  it  would 
not  probably  furnish  a  sufficient  supply  for  even  the  present  popu- 
lation of  Uxbridge  after  water  was  generally  introduced  in  all  of 
the  villages ;  and  this  source  has  no  advantage  in  regard  either  to 
the  quality  of  the  water  or  to  economy  of  construction  which  should 
lead  to  its  introduction  as  a  temporary  source  of  supply. 

Cold  Spring  Brook,  at  the  proposed  point  of  taking  at  the  old 
sawmill  site,  below  the  Douglas  Road,  drains  so  large  a  territory 
that  its  natural  flow,  supplemented  by  a  comparatively  small 
amount  of  storage  to  tide  over  the  dryer  portions  of  the  year, 
would  be  sufficient  to  supply  Uxbridge  with  water  for  many  years ; 
and  should  the  supply  at  any  time  prove  insufficient,  the  capacity 
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of  the  source  may  be  increased  by  providing  additional  storage 
capacity.  A  sample  of  water  was  collected  from  the  brook  near 
the  proposed  point  of  taking  on  March  25, 1893,  which  showed  the 
water  to  be  a  fairly  satisfactory  one  for  water  supply  purposes* 
The  sample  was  collected,  however,  at  a  time  when  the  streams 
were  swollen  by  the  water  from  melting  snow,  and  the  analysis 
may,  therefore,  differ  considerably  from  the  analysis  of  the  water  at 
other  seasons  of  the  year. 

The  principal  objection  to  this  source  is  its  low  level,  which 
makes  it  necessary  to  pump  the  water  and  consequently  increase* 
both  the  first  cost  of  the  works  and  the  annual  cost  of  maintenance* 
When  compared  with  Mendon  Pond  it  seems  probable  that  the  first 
cost  of  works  from  Cold  Spring  Brook  will  be  as  large  on  account 
of  the  cost  of  a  pumping  station,  offsetting  the  additional  length  of 
pipe  required  to  take  water  from  Mendon  Pond ;  and  Cold  Spring 
Brook  has  the  disadvantage  of  the  continued  expense  of  maintain- 
ing a  pumping  station,  while  the  water  will  flow  from  Mendon  Pond 
by  gravity. 

It  was  not  feasible  at  the  time  this  examination  was  made  to 
obtain  a  representative  sample  of  water  from  Mendon  Pond,  as  the 
ice  was  not  strong  enough  to  bear  the  weight  of  a  person,  and  the 
water  near  the  edges  was  affected  by  the  water  entering  the  pond 
from  the  melting  snow. 

To  sum  up  the  comparative  merits  of  the  different  sources,  the 
Board  is  of  opinion  that  the  Seagrave  Brook  source  has  no  advan- 
tage either  in  regard  to  quantity,  quality  or  cost.  A  final  opinion 
in  regard  to  the  relative  merits  of  Cold  Spring  Brook  and  Mendon 
Pond  in  regard  to  the  quality  of  the  water  cannot  be  given  at  the 
present  time  on  account  of  the  fact  that  the  few  examinations  made 
may  not  be  representative  of  the  quality  of  the  water  at  all  seasons, 
of  the  year,  but  it  seems  probable  that  Mendon  Pond  can  be  made 
to  furnish  the  better  water.  The  cost  of  a  water  supply  from 
Mendon  Pond  will  be  very  much  less  than  from  Cold  Spring  Brook 
when  the  cost  of  maintaining  a  pumping  station  is  taken  into 
account. 

Wakefield.  The  Wakefield  Water  Company  requested 
the  advice  of  the  Board,  Feb.  23, 1893,  relative  to  introducing* 
"  an  additional  water  supply"  for  Wakefield  and  Stoneham, 
from  "  filtering  galleries,  wells,  or  basins  upon  the  banks  of 
that  portion  of  the  Saugus  River  lying  within  the  limits  of  the 
town  of  Wakefield,  and  above  the  milldam  near  the  Mont- 
rose station  of  the  Salem  branch  of  the  Boston  &  Maine 
Railroad."    The  Board  replied  as  follows :  — 
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Boston,  April  14, 1893. 

From  such  data  as  are  now  available  the  Board  believes  that  the 
capacity  of  the  present  source  (Crystal  Lake)  in  a  series  of  dry 
years  has  been  practically  reached,  so  that  there  is  need  of  an  addi- 
tional water  supply  for  these  towns.  It  has  already  expressed  and 
still  holds  the  opinion  that  the  water  of  Quannapowitt  Lake,  one 
of  the  sources  named  in  your  original  act  of  incorporation,  is  now 
unfit  for  the  purposes  of  a  domestic  water  supply.  This  opinion 
as  to  the  quality  of  Quannapowitt  Lake  water  applies  to  taking 
water  directly  from  the  lake,  but  if  the  water  was  taken  after  it 
had  been  thoroughly  purified  by  filtering  for  a  long  distance 
through  the  ground  or  by  any  other  thorough  method  of  filtration 
it  might  be  used.  It  seems  probable,  however,  that  the  most  sat- 
isfactory additional  supply  for  the  towns  of  Wakefield  and  Stone- 
ham  can  be  obtained  by  taking  water  from  the  ground  at  some 
point  above  the  dam  at  Montrose,  as  indicated  in  your  application. 

In  the  absence  of  any  investigations  to  determine  either  the 
quality  or  quantity  of  water  which  may  be  obtained  from  different 
portions  of  this  territory,  it  is  not  feasible  to  give  any  specific  ad- 
vice in  these  respects  at  the  present  time. 

The  city  of  Lynn,  which  now  takes  its  supply  from  sources  within 
the  Saugus  valley,  is  in  urgent  need  of  an  additional  supply  of 
water  and  desires  to  take  it  from  this  valley,  and  the  valley  is  also 
nearer  other  communities  in  need  of  additional  water  supplies  than 
any  other  large  sources  not  now  in  use  or  so  much  polluted  as  to 
be  unfit  for  water  supply  purposes.  While,  therefore,  the  Board 
believes  that  the  towns  of  Wakefield  and  Stoneham  should  have 
the  first  right  to  a  water  supply  from  the  portion  of  the  valley 
within  the  limits  of  the  town  of  Wakefield  it  does  not  believe  that 
they  should  control  more  territory  than  is  necessary  for  this  purpose. 

In  view  of  the  impracticability  of  making  any  fair  apportion- 
ment of  territory  at  the  present  time,  the  Board  in  its  reply  to  the 
application  of  the  city  of  Lynn  relative  to  an  additional  water 
supply,  concluded  that  Lynn  should  be  granted  the  right  to  take 
water  from  any  portion  of  the  valley  of  the  Saugus  River  not 
already  granted  by  the  Legislature  to  some  other  town  or  water 
company,  but  that  this  grant  should  be  subject  to  the  restriction 
that  the  towns  of  Wakefield  or  Stoneham,  or  the  company  supply- 
ing them  with  water,  may  be  authorized  to  take  water  from  this 
valley  at  any  point  within  the  limits  of  the  town  of  Wakefield,  and 
to  the  extent  required  to  furnish  in  connection  with  Crystal  Lake,, 
the  present  source  of  supply,  a  supply  of  water  for  these  towns ; 
provisions  to  be  made  in  connection  with  any  grant  of  this  charac- 
ter, however,  that  whenever  these  towns,  or  the  company  supplying 
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them  with  water,  should  take  a  supply  from  any  source  in  the 
Saugus  valley  other  than  those  already  controlled  by  the  Wakefield 
Water  Company  they  should  be  required  to  pay  to  the  city  of  Lynn 
a  fair  proportion  of  the  amount  already  paid  by  said  city  for  water 
or  land  damages,  and  if  they  should  utilize  to  any  extent  works 
previously  constructed  by  the  city  they  should  pay  a  fair  proportion 
of  the  cost  of  these  works. 

The  Board  advises  your  company  to  make  investigations  with 
reference  to  obtaining  a  further  supply  of  water  from  the  ground 
in  the  Saugus  valley,  in  the  territory  referred  to  in  your  applica- 
tion, and  will  advise  you  further  when  the  results  of  such  investi- 
gations are  presented.  The  greatest  care  should  be  exercised  to 
prevent  the  pollution  of  your  present  source  of  supply  by  the 
increasing  population  on  its  watershed. 

Walpole.  The  committee  on  water  supply  of  Walpole 
applied  to  the  State  Board  of  Health  March  9,  1893,  for  its 
advice  relative  to  a  public  water  supply  for  the  town,  to  be 
taken  from  the  ground  in  the  valleys  of  Mill  Brook  and 
Traphole  Brook  in  East  Walpole,  tributaries  of  the  Nepon- 
set  River.     The  Board  replied  as  follows :  — 

Boston,  April  10, 1893. 

In  accordance  with  your  request  for  an  early  reply  to  your  appli- 
cation relative  to  a  water  supply  for  the  town  of  Walpole,  the 
State  Board  of  Health  has  caused  a  preliminary  examination  to  be 
made,  and  finds  that  the  local  conditions  favor  the  plan  of  taking 
a  supply  from  the  ground  within  the  limits  of  the  town,  as  sug- 
gested in  your  application  to  the  Board.  As  it  is  stated  in  your 
application  that  the  different  sources  within  the  town  are  to  be 
fully  investigated,  the  Board  will  make  a  further  reply  regarding 
the  merits  of  these  sources  after  the  results  of  the  investigations 
have  been  received. 

After  considering  the  needs  and  interests  of  other  towns  in  the 
■vicinity  of  Walpole  the  Board  finds  no  reason  to  doubt  that  Wal- 
pole should  at  the  present  time  have  the  right  to  any  source  within 
its  limits.  There  is  one  source,  however,  viz.,  Traphole  Brook,  in 
the  easterly  part  of  Walpole,  which  subsequently  flows  through  the 
southerly  corner  of  Norwood  and  then  forms  the  northerly  boun- 
dary of  the  town  of  Sharon,  which  may  in  the  future  be  of  value 
to  some  other  community  as  a  source  of  additional  water  supply ; 
and  if  it  should  be  found  that  this  source  is  not  the  best  one  for 
Walpole  and  works  should  be  built  to  take  a  supply  from  another 
source,  the  Board  is  of  opinion  that  any  rights  which  are  now 


No.  34.]     ADVICE  TO  CITIES  AND  TOWNS.  61 

granted  Walpole  to  take  a  supply  from  this  source  should  cease. 
This  could  be  accomplished  by  including  in  an  act  giving  Walpole 
the  right  to  take  water  from  any  source  within  its  limits  a  provi- 
sion that  the  right  of  the  town  of  Walpole  to  take  water  from  Trap* 
hole  Brook  shall  become  void  when  the  town  shall  have  selected 
some  other  source  of  water  supply  and  introduced  water  therefrom. 

The  results  of  the  investigations  referred  to  in  the  fore- 
going letter  of  advice  having  been  submitted,  the  Board  made 
a  further  reply  as  follows :  — 

Boston,  Jane  5, 1893. 

The  investigations  made  near  the  Neponset  River,  not  very  far 
above  the  Blackburn  water  privilege  and  just  below  Low  Brook,, 
showed  very  satisfactory  results  as  regards  the  porosity  of  the 
material,  the  freedom  with  which  water  could  be  pumped  from  the 
test  wells  and  the  quality  of  the  water.  Taking  these  results  in 
connection  with  an  examination  of  the  surrounding  territory  and 
the  size  of  the  streams,  the  Board  finds  no  reason  to  doubt  that  an 
ample  supply  of  excellent  water  can  be  obtained  from  a  well  or 
wells  located  in  the  porous  material  in  this  vicinity. 

Waltham.  The  water  commissioners  of  Waltham  applied 
to  the  State  Board  of  Health  July  31,  1893,  asking  for  a  re- 
examination of  their  sources  of  water  supply,  and  for  the 
advico  of  the  Board  as  to  the  measures  requisite  to  improve 
the  quality  of  the  water  supplied  to  the  city,  and  to  prevent 
the  recurrence  of  the  offensive  tastes  and  odors  which  were 
liable  to  affect  it.     The  Board  replied  as  follows  :  — 

Boston,  Dec.  22, 1893. 
An  examination  of  your  collecting  well  and  distributing  reservoir 
was  made  promptly  by  one  of  the  engineers  of  the  Board,  and 
samples  of  water  were  taken  for  analysis,  which  showed  that  the 
conditions  were  on  the  whole  substantially  the  same  as  they  were 
on  Oct.  3,  1892,  when  the  Board  replied  to  a  similar  application 
made  by  you,  and  advised  protecting  the  water  from  the  light  both 
at  the  well  and  at  the  distributing  reservoir.  The  results  of  these 
analyses  were  sent  you ;  and,  as  you  then  decided  to  proceed  at 
once  with  the  covering  of  the  well,  it  was  thought  best  to  defer 
making  the  formal  reply  until  it  was  feasible  to  include  in  it  the 
results  of  further  investigations,  to  ascertain  the  character  of  the 
water  entering  the  well  at  different  points  and  the  effect  of  covering 
the  well. 
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An  examination  was  made  to  ascertain  the  temperature  of  the 
water  entering  the  well  at  the  bottom,  at  different  points  around  its 
circumference,  and  it  was  found  from  thirteen  observations,  made  on 
Sept.  9,  1893,  that  the  average  temperature  of  the  water  entering 
the  well  was  55.7  degrees,  while  at  the  same  time- the  temperature 
of  the  river  water  was  68  degrees.  These  results  indicated  that  no 
large  proportion  of  the  water  filtered  from  the  river  by  any  very 
•direct  course,  but  there  was  a  slight  difference  (3.4  degrees)  in  the 
temperature  of  the  water  at  different  points,  which  indicated  that 
there  might  be  a  difference  in  the  source  and  quality  of  the  water 
entering  different  parts  of  the  well.  An  attempt  was  therefore 
made  to  obtain  samples  of  water  entering  the  well  at  different 
points  at  the  bottom,  before  it  had  mingled  with  the  water  already 
in  the  well,  but  it  was  not  found  feasible  to  do  this. 

Since  the  well  has  been  covered  two  samples  of  water  have  been 
received  from  it,  one  collected  November  14,  and  the  other  Dec. 
12,  1893.  These  samples  are  entirely  free  from  the  microscopical 
organisms  which  were  always  found  in  the  well  before  it  was 
covered,  and  are  clear,  colorless  and  free  from  odor. 

It  is  now  feasible  for  the  first  time  to  ascertain  the  true  chemical 
character  of  the  water  which  enters  the  well,  because,  before  it  was 
covered,  its  character  changed  so  rapidly,  owing  to  the  vegetable 
growths  in  the  water,  as  to  materially  affect  the  results.  There  is 
nothing  in  the  present  analysis  of  the  water  to  indicate  that  it  is  at 
the  present  time  other  than  an  excellent  water  for  the  purposes  of 
a  public  water  supply.  The  free  ammonia,  however,  is  somewhat 
higher  than  it  would  be  in  a  water  which  had  received  the  highest 
degree  of  purification  by  filtering  through  the  ground,  and  it  will 
be  of  interest  to  observe  subsequent  analyses  of  the  water  to  see 
whether  this  constituent  increases  or  diminishes. 

With  regard  to  the  samples  from  the  distributing  reservoir  it  may 
be  said  that  they  show  that  the  water  in  the  reservoir  is  in  substan- 
tially the  same  condition  as  in  the  past,  and  that  it  contains  an 
abundant  growth  of  the  minute  vegetable  forms  which  give  the 
water  an  unpleasant  taste  and  odor. 

The  Board  would  therefore  repeat  its  advice  of  last  year,  that  by 
covering  your  present  reservoir  or  building  a  new  covered  reservoir, 
as  may  be  found  best,  you  provide  for  conveying  the  water  from 
the  source  to  the  water  consumers  without  permitting  it  to  be  ex- 
posed to  the  light  at  any  place. 

Webster.  The  water  commissioners  of  Webster  applied 
to  the  Board,  June  23,  1893,  for  its  advice  relative  to  taking 
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a  supply  of  water  from  the  ground  near  Lake  Chaubuna- 
gungamaug.     The  Board  replied  as  follows :  — 

Boston,  Oct.  6,  1893. 

The  State  Board  of  Health  has  considered  your  application  with 
regard  to  a  proposed  water  supply  for  the  town,  to  be  taken  from 
a  well  located  near  Lake  Chaubunagungamaug,  and  has  caused 
an  analysis  of  a  sample  of  water  from  a  test  well  at  the  site  of 
the  proposed  well  to  be  made,  also  an  examination  of  the  sur- 
rounding territory.  The  analysis  shows  that  the  water  is  very 
pure  and  soft. 

The  sample  probably  represented  water  which  was  percolating 
through  the  ground  toward  the  pond  ;  while  if  a  large  quantity  of 
water  should  be  pumped  from  the  ground  at  this  place,  it  is  prob- 
able that  a  part  of  it  would  be  derived  by  filtration  from  the  lake. 
Judging  from  the  experience  at  other  places  in  the  State,  the  water 
obtained  in  this  way  from  the  lake  would  be  so  thoroughly  changed 
in  its  character  by  filtration  that  it  would  not  differ  to  any  notice- 
able extent  from  the  water  coming  to  the  well  from  the  land  side. 

Both  the  examination  of  the  ground  at  the  site' of  the  well,  made 
under  your  direction,  and  a  general  examination  of  the  surround- 
ing territory,  indicate  that  a  large  quantity  of  water  can  be  col- 
lected from  the  ground  at  this  place ;  and  if  the  supply  should 
prove  insufficient,  a  supplementary  supply  of  very  good  surface 
water  can  be  obtained  from  the  lake.  It  is  desirable,  however, 
that  a  full  supply  should  be  obtained  from  the  ground,  on  account 
of  the  better  quality  of  the  water  from  this  source. 

Westbokougii.  The  water  commissioners  of  West- 
borough  applied  to  the  Board  for  advice,  Sept.  26,  1892, 
relative  to  the  improvement  and  increase  of  the  public  water 
supply,  submitting  at  the  same  time  a  description  of  a  pro- 
posed plan.  The  chief  engineer  of  the  Board  visited  the 
town,  and  made  such  suggestions  as  seemed  necessary  for 
the  modification  and  improvement  of  the  plan,  and  a  new 
plan  was  submitted  to  the  Board,  Jan.  19,  1893.  The 
Board  replied  as  follows  :  — 

Boston,  Feb.  13, 1893. 
Your  water  supply  is  now  derived  from  two  reservoirs,  the  upper 
one  a  storage  reservoir  of  considerable  size  and  the  lower  one  a 
smaller  basin  which  derives  its  supply  from  the  upper  one  by  the 
filtration  of  the  water  through  the  intervening  porous  ground. 
You  find  that  the  quality  of  this  filtered  water  is  very  much  better 
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than  that  of  the  water  in  the  upper  reservoir,  but  that  at  times  the 
quantity  is  not  sufficient  to  supply  all  of  the  water  needed,  and 
you  therefore  have  to  draw  some  of  the  water  directly  from  the 
upper  reservoir;  moreover,  the  upper  reservoir  sometimes  over- 
flows into  the  lower  one,  injuriously  affecting  the  quality  of  the 
water  in  it. 

What  is  now  desired,  therefore,  is  a  means  of  increasing  the 
supply  of  filtered  water  during  portions  of  the  year  and  a  means  of 
diverting  the  overflow  of  the  upper  reservoir  from  the  lower  one. 

The  plan  now  submitted  shows  a  contemplated  channel  for 
diverting  the  waste  water  from  the  upper  reservoir  past  the  lower 
one,  and  with  the  accompanying  communication  explains  the  result 
of  certain  tests  which  have  been  made  with  reference  to  the 
present  conditions  under  which  water  is  now  filtering  from  one 
reservoir  to  the  other,  and  of  other  tests  made  to  determine  the 
means  by  which  the  filtration  may  be  facilitated. 

Judging  from  the  experiments  which  you  have  made,  it  seems 
quite  certain  that  a  material  increase  in  the  amount  of  filtered 
water  can  be  obtained  at  a  moderate  expense  by  digging  a  ditch 
with  sloping  sides  down  into  the  sand  and  gravel  at  the  shore  of 
the  upper  reservoir  between  the  dam  and  the  waste  way,  this  ditch 
to  be  separated  from  the  water  in  the  reservoir  by  an  embankment 
extending  above  high  water  mark.  This  ditch  should  also  be  di- 
vided into  sections,  each  of  which  should  communicate  with  the 
reservoir  by  means  of  a  pipe  provided  with  a  gate  by  which  the 
water  can  be  shut  off  during  those  portions  of  the  year  when 
enough  water  naturally  filters  through  the  ground,  or  when  it  be- 
comes necessary  to  clean  any  section  of  the  ditch  so  as  to  expose 
a  fresh  sand  surface.  The  pipe  and  bottom  of  the  ditch  should 
either  be  placed  at  the  lowest  practicable  level  in  the  beginning,, 
so  that  the  system  will  operate  when  the  upper  reservoir  is  drawn 
down  several  feet,  or  they  may  be  placed  at  a  higher  level  in  the 
beginning  and  subsequently  lowered  when  the  water  recedes. 

The  experiments  show  that  a  ditch  of  this  kind  would  let  the 
water  into  the  ground  much  more  freely  than  it  now  gets  in  through 
the  nearly  impervious  material  at  the  bottom  of  the  reservoir. 

On  the  opposite  or  north  side  of  the  waste  way  a  similar  con- 
struction could  be  used  to  facilitate  the  filtration  of  water,  but  the 
ditch  should  be  placed  far  enough  back  from  the  edge  of  the  reser- 
voir so  that  it  will  be  wholly  in  clean  sand  or  gravel  below  the 
surface  of  the  water  in  the  reservoir. 

The  contemplated  filtering  drain,  intended  to  collect  water  from 
the  ground  and  discharge  it  into  the  lower  basin,  if  placed  with  its 
bottom  nearly  at  the  level  of  low  water  in  the  lower  basin,  would 
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undoubtedly  increase  to  a  considerable  extent  the  quantity  of  fil- 
tered water.  To  avoid  the  danger  of  imperfect  filtration,  however, 
it  would  be  desirable  to  limit  its  length  to  150  feet  from  the  shore 
of  the  lower  basin  rather  than  to  make  it  235  feet  long,  as  shown 
upon  the  plan.  This  drain  should  connect  with  the  lower  basin  by 
a  pipe  provided  with  a  gate  so  that  it  can  be  shut  off  during  those 
portions  of  the  year  when  enough  water  naturally  filters  through 
the  ground,  and  thus  avoid  an  unnecessary  draft  upon  the  upper 
reservoir. 

The  new  channel  to  divert  the  overflow  from  the  upper  reservoir 
past  the  lower  basin  is  a  very  desirable  feature,  and  if  by  removing 
the  soil  and  fine  material  this  channel  can  be  prepared  so  that  all 
the  material  beneath  it  will  be  sand  or  gravel  it  may  also  be  feasible 
to  use  it  as  a  supplementary  filtration  area  in  cases  of  emergency. 
In  order  to  do  this  it  would  be  necessary  to  lay  a  pipe  to  bring 
water  from  the  upper  reservoir  to  the  channel,  and  to  erect  tem- 
porarily a  low  dam  near  its  lower  end. 

West  Springfield.  The  water  commissioners  of  West 
Springfield  applied  to  the  State  Board  of  Health  May  1, 
1893,  for  its  advice  relative  to  taking  an  additional  water 
supply  from  certain  specified  sources  in  that  town  and  in 
Agawam.     The  Board  replied  as  follows :  — 

Boston,  Jane  1,  1893. 

The  State  Board  of  Health  has  considered  your  application  with 
regard  to  a  proposed  additional  water  supply  for  your  town,  includ- 
ing the  village  of  Mittineague,  which  is  at  too  high  a  level  to  be 
supplied  from  the  present  source.  You  have  called  the  attention 
of  the  Board  to  the  Craig  Spring  and  Silver  Stream,  which  can  be 
utilized  to  supply  the  village  of  Mittineague  by  pumping,  to  the 
Leonard  Brook  in  Agawam,  which  can  be  used  to  supply  a  portion 
of  the  lower  village  by  gravity,  to  the  Lathrop  Spring  and  Hyde 
Brook,  which  can  be  diverted  into  the  present  reservoir,  and  to  a 
more  distant  source,  viz.,  a  spring  and  brook  at  the  Bear  Hole, 
so-called,  in  the  north-westerly  part  of  the  town,  from  which  water 
would  have  to  be  supplied  by  pumping. 

All  of  these  sources  have  been  visited  by  the  engineer  of  the 
Board,  and  from  all  except  Silver  Stream  samples  of  water  have 
been  collected  and  analyzed,  and  copies  of  the  analyses  are  trans- 
mitted herewith,  together  with  the  average  analysis  of  water  from 
the  present  storage  reservoir  for  the  year  ending  in  May,  1888. 

The  Craig  Spring  will  furnish  a  soft  water,  and  one  of  very  good 
quality,  provided  it  is  collected  by  means  of  pipes  leading  to  a 
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well,  or  by  other  suitable  works,  without  exposure  to  the  light,  and 
when  pumped  is  stored  in  a  reservoir  which  is  also  covered  to 
exclude  the  light.  Care  would  also  have  to  be  taken  to  prevent 
any  contamination  by  surface  water  running  down  the  ravine  in 
which  the  spring  is  situated. 

The  water  of  the  Leonard  Brook  is  soft  and  of  very  good  quality. 

The  sample  of  water  from  the  Lathrop  Spring  was  necessarily 
collected  after  the  water  had  passed  through  a  rank  growth  of 
vegetable  matter,  which  may  have  affected  the  analysis  to  some 
extent.  This  water  is  harder  than  the  other  waters  examined. 
There  seems  no  reason  to  doubt,  however,  that  if  taken  directly 
from  the  ground  and  diverted  into  the  present  reservoir  it  would 
not  change  the  character  of  the  water  in  the  reservoir  enough  to  be 
objectionable. 

The  sample  from  Hyde  Brook  had  a  moderate  color,  indicating 
that  this  water  is  affected  to  some  extent  by  contact  with  vegetable 
matter  in  swampy  places.  At  the  time  the  sample  was  collected, 
the  water,  though  not  as  desirable  as  the  spring  waters,  would  be 
classed  as  a  fairly  good  water  for  all  purposes,  but  it  is  not  feas- 
ible to  tell  from  a  single  examination  in  the  spring  of  the  year 
what  the  character  of  this  water  would  be  in  summer. 

The  water  of  the  spring  at  the  Bear  Hole  is  of  excellent  quality, 
though  its  hardness  is  about  twice  that  of  the  present  water  supply. 
The  degree  of  hardness,  however,  is  not  great  enough  to  make  the 
water  objectionable  for  water  supply  purposes.  Bear  Hole  Brook, 
at  the  time  the  sample  was  collected,  was  receiving  the  overflow 
from  Ashley  Pond,  and  the  quantity  of  water  was  unusually  large. 
Under  these  circumstances  the  analysis  would  have  but  little  value 
as  an  indication  of  the  average  quality  of  the  water.  The  water 
had  less  color  than  Hyde  Brook,  but  contained  rather  more  organic 
matter.  The  degree  of  hardness  was  nearly  the  same  as  that  of 
the  water  from  the  spring  near  it. 

The  plan  proposed  by  you,  of  establishing  a  pumping  station  at 
the  Craig  Spring  and  supplementing  the  present  supply  to  the 
lower  village  by  introducing  water  from  Leonard  Brook,  and  con- 
necting the  Lathrop  Spring  with  the  present  reservoir,  has  the 
merit  that  it  will  add  to  the  present  supply  a  considerable  quantity 
of  very  good  water  by  a  comparatively  small  expenditure,  and  it 
may  be  wise  to  carry  out  this  plan.  The  Board  does  not,  however, 
have  sufficient  information  as  to  the  capacity  of  the  present  source 
in  very  dry  years,  or  as  to  the  amount  which  the  supplementary 
sources  will  furnish  in  such  years,  or  can  be  made  to  furnish  by 
the  construction  of  additional  storage  reservoirs,  to  enable  it  to 
advise  definitely  as  to  whether  it  is  better  to  carry  out  this  plan  to 
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make  the  Craig  Spring  and  the  present  reservoir  the  main  source 
of  supply,  to  be  supplemented  by  such  other  sources  in  the  vicin- 
ity as  will  supply  the  lower  village  by  gravity,  or  whether  it  is 
better  to  go  at  once  to  a  greater  distance  to  obtain  a  supplement- 
ary supply  from  a  source  which  will  furnish  a  larger  quantity  of 
water.  In  order  to  obtain  such  information  it  would  be  necessary 
for  you  to  employ  an  engineer  skilled  in  the  design  and  construc- 
tion of  water  works  to  make  a  more  complete  study  of  this  ques- 
tion, and  the  Board  advises  that  this  be  done. 

Whitman.  The  committee  on  water  supply  of  the  town 
of  Whitman  applied  to  the  Board,  April  12,  1893,  for  its 
advice  relative  to  a  public  water  supply  from  certain  specified 
sources  in  that  town  and  the  towns  of  Hanson  and  Pembroke. 
The  Board  replied  as  follows :  — 

Boston,  May  4, 1893. 

In  this  application  you  make  special  mention  of  Maquam,  Old- 
ham and  Big  Sandy  Bottom  Ponds  and  Silver  Lake.  The  Board 
has  caused  examinations  to  be  made  of  these  and  other  ponds  in 
the  vicinity.  Complete  chemical  and  microscopical  examinations 
have  been  made  of  samples  of  water  from  Maquam,  Oldham,  Fur- 
nace and  Big  Sandy  Bottom  Ponds  and  Silver  Lake,  and  less  com- 
plete examinations  of  samples  from  Indian  Head  Pond  and  Factory 
Pond  in  the  town  of  Hanson  and  Stetson's  Pond  in  the  town  of 
Pembroke.     Copies  of  these  analyses  are  transmitted  herewith. 

The  water  of  Indian  Head  and  Factory  ponds  has  a  very  dark 
color,  and  in  other  respects  these  ponds  are  less  desirable  than 
some  of  the  others,  so  that  they  may  be  discarded  from  the  list  of 
desirable  sources.  Stetson's  Pond  presents  no  advantages  either 
as  to  the  quality  or  quantity  of  water  as  compared  with  Oldham 
Pond,  and  on  account  of  its  greater  distance  is  a  less  available 
source  for  Whitman. 

The  water  of  Maquam  Pond  is  practically  colorless  and  in  most 
other  respects  is  a  very  satisfactory  pond  water.  It  had,  however, 
at  the  time  of  the  examination  slightly  more  odor  after  standing  in 
a  bottle,  and  contained  a  greater  number  of  microscopical  organisms 
than  any  other  sample  of  which  a  complete  examination  was  made. 
All  surface  waters  contain  a  greater  or  less  number  of  these  minute 
organisms,  which  are  the  cause  of  the  odors  noticed,  and  both  the 
numbers  and  the  amount  of  odor  are  liable  to  vary  from  time  to 
time,  so  that  too  much  significance  should  not  be  attached  to  the 
comparisons  of  only  a  single  series  of  analyses.  It  is  not  feasible 
to  toll  from  the  information  at  present  available  whether  or  not 
Maquam  Pond  will  furnish  sufficient  water  to  meet  the  require- 
ments of  the  town  of  Whitman  even  in  the  near  future,  and  this 
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source  should  not,  therefore,  be  adopted  in  any  case  without  mak- 
ing provision  for  supplementing  the  supply  from  some  other  source 
when  necessary.  In  order  to  form  an  opinion  as  to  whether  this 
pond  will  furnish  enough  water  to  warrant  taking  a  supply  from  it 
in  the  beginning,  it  would  be  necessary  for  you  to  ascertain  by 
surveys  the  size  of  the  watershed  from  which  its  supply  is  derived, 
and  to  make  investigations  to  determine  how  much,  if  any,  water  is 
liable  to  be  lost  by  filtration  through  the  ground  into  other  ponds. 

Oldham  Pond  will  furnish  an  abundant  supply  for  the  town  for 
a  very  long  time  in  the  future,  and  the  analysis  indicates  that  the 
water  is  of  fairly  good  quality  at  the  present  time.  It  has  only  a 
moderate  amount  of  color  and  contains  about  the  usual  amount  of 
organic  matter,  and  in  its  present  condition  would  be  a  satisfactory 
water  for  all  purposes  of  a  public  water  supply,  though  not  as 
good  as  either  the  water  of  Maquam  Pond  or  Silver  Lake. 

The  arlalysis  of  a  sample  of  water  from  Furnace  Pond  differs 
but  little  from  that  of  a  sample  collected  from  Oldham  Pond,  but 
Furnace  Pond  has  no  advantages  which  should  lead  to  its  selection 
as  a  source  of  water  supply  for  Whitman. 

The  water  of  Silver  Lake  is  practically  colorless  and  in  other 
respects  it  is  a  better  water  than  any  other  of  the  waters  analyzed. 
This  would  undoubtedly  be  a  satisfactory  source  both  with  regard 
to  quantity  and  quality. 

Big  Sandy  Bottom  Pond  has  been  used  for  years  by  the  towns  of 
Abington  and  Rockland  and  has  proved  to  be  an  excellent  water. 
The  quantity  which  this  source  will  furnish  is  more  than  the  amount 
of  water  consumed  by  the  three  towns  of  Abington,  Rockland  and 
Whitman  at  the  present  time,  so  that  for  a  time  this  source  might 
be  sufficient  for  all  of  the  towns,  but  at  a  later  period  it  would  be 
necessary  either  to  supplement  the  supply  from  some  other  source 
or  for  one  of  the  towns  to  introduce  an  independent  supply. 

The  information  now  in  possession  of  the  Board  with  regard  to 
the  proposed  sources  of  water  supply  is  too  limited  to  enable  it  to 
advise  as  to  the  most  appropriate  source  for  the  town,  and  it  makes 
this  preliminary  reply  at  the  present  time  because  it  understands 
that  it  is  desired  for  use  at  a  town  meeting  to  be  held  soon.  The 
Board  would  advise  that  a  survey  be  made,  as  before  suggested,  to 
determine  the  size  of  the  watershed  of  Maquam  Pond,  and  that 
analyses  should  be  made  monthly  of  the  waters  of  Maquam  and 
Oldham  ponds  and  of  Silver  Lake  to  determine  the  relative  quality  of 
these  waters  throughout  the  summer.  The  State  Board  of  Health 
will  co-operate  with  you  by  causing  these  analyses  to  be  made  if 
you  will  collect  the  samples  of  water,  and  will  advise  you  further 
with  regard  to  the  proposed  sources  if  you  so  request. 
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Sewerage  and  Sewage  Disposal. 

The  following  is  the  substance  of  the  action  of  the  Board 
in  reply  to  applications  for  advice  relative  to  sewerage  and 
sewage  disposal :  — 

Andoveu.  The  sewer  commissioners  of  Andover,  having 
been  authorized  by  the  town  to  report  a  plan  of  sewerage  to 
the  town,  applied  to  the  State  Board  of  Health,  June  8, 
1893,  stating  that  before  reporting  a  general  plan  to  the 
town  they  desired  to  know  whether  such  a  plan,  involving 
the  discharge  of  crude  sewage  into  the  Shawsheen  River, 
would  be  approved  by  the  State  Board  of  Health.  The 
Board  replied  as  follows  :  — 

Boston,  July  7,  1893. 
The  Board  is  of  opinion  that,  while  it  is  not  permissible  to 
discharge  the  sewage  of  any  large  portion  of  the  town  into  this 
river,  it  may  be  permissible  for  the  present  to  discharge  the  sew- 
age from  the  low  land  bordering  the  river  into  the  river  below  the 
dam  at  Frye  Village.  In  making  a  sewerage  plan,  therefore,  pro- 
vision should  be  made  for  carrying  as  much  of  the  sewage  of  the 
town  as  can  be  conveyed  by  gravity,  either  to  suitable  porous 
land,  where  it  can  be  purified  by  filtration  before  being  discharged 
into  the  Shawsheen  River,  or  to  the  Merrimack  River. 

AttleborcKjgh.  The  committee  on  drainage  of  the  town 
of  Attleborough  applied  to  the  State  Board  of  Health,  Jan. 
16,  1893,  for  its  advice  relative  to  "  the  drainage  of  that 
portion  of  the  village  and  town  located  on  the  watershed 
of  Thacher  Brook."    The  Board  replied  as  follows :  — 

Boston,  Feb.  6, 1893. 

The  plan  submitted  shows  the  general  character  of  the  proposed 
improvement,  which  provides  for  lowering  the  channel  of  Thacher 
Brook,  either  in  its  present  or  a  new  location,  and  the  substitution, 
for  a  portion  of  the  way,  of  a  covered  drain  for  the  open  channel. 

It  is  understood  from  the  statements  made  by  your  committee 
that  it  is  not  proposed  to  turn  any  sewage  into  this  channel,  but 
that  the  sewerage  system  when  constructed  will  convey  the  sewage 
in  separate  pipes  in  some  other  direction.  Your  committee  has 
also  indicated  that  it  is  very  desirable  to  lower  the  level  of  the 
ground  water  in  the  upper  part  of  the  Thacher  Brook  watershed 
and  near  the  central  portion  of  the  village,  in  order  to  avoid  damp 
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or  wet  cellars,  and  thereby  to  improve  the  sanitary  condition  of 
this  portion  of  the  town.  The  high  level  of  the  ground  water  in  this 
part  of  the  village  is  also  shown  upon  a  plan  previously  submitted 
to  the  Board  giving  the  level  of  the  ground  water. 

The  Board  finds  that  the  plan  now  proposed  is  one  to  be  com- 
mended. It  is  certainly  very  desirable,  for  sanitary  reasons,  that 
the  level  of  the  ground  water  in  the  built-up  portions  of  this  water- 
shed should  be  lowered,  and  it  is  wise  to  provide  for  the  improve- 
ment of  the  lower  portions  of  this  brook  before  the  design  and 
location  of  a  new  channel  are  hampered  and  the  cost  increased  by 
the  construction  of  streets  and  buildings  in  the  vicinity  of  the 
brook. 

In  addition  to  the  improvement  of  the  main  channel  the  plan 
also  indicates  where  branch  drains  emptying  into  the  brook  may  be 
built  in  the  streets  in  its  vicinity.  It  would  be  desirable  before 
constructing  these  drains  that  a  complete  system  of  sewerage 
should  be  designed  for  at  least  this  portion  of  the  town,  both 
because  the  level  of  the  ground  water  might  be  lowered  by  under- 
drains  placed  beneath  the  sewers,  thereby  rendering  separate 
drainage  channels  unnecessary,  and  because  the  drains  might 
otherwise  be  placed  at  such  a  height  as  to  interfere  with  the  proper 
grading  of  the  system  of  sewers.  These  suggestions  with  regard 
to  the  branch  drains  may  also  be  applicable  to  the  extreme  upper 
end  of  the  main  drain. 

Braintree.  The  committee  on  sewerage  of  Braintree 
applied  to  the  State  Board  of  Health  Juno  5,  l£)3,  for  advice 
relative  to  a  proposed  system  of  sewerage  for  that  town, 
and  as  to  the  comparative  merits  of  certain  areas  proposed 
for  sewage  disposal.     The  Board  replied  as  follows :  — 

Boston,  July  6,  1893. 

In  this  application  you  outline  the  general  features  of  a  proposed 
system  for  collecting  the  sewage,  and  suggest,  as  a  method  of  dis- 
posal, pumping  it  to  land  where  it  can  be  puriGed.  You  then  ask 
that  the  Board  will  cause  the  different  tracts  of  land  which  are 
available  for  sewage  disposal  to  be  examined  at  as  early  a  day  as 
possible,  and  that  the  Board  advise  you  regarding  them. 

Three  tracts  were  called  to  the  attention  of  the  Board,  one  sit- 
uated on  the  north-westerly  side  of  Plain  Street,  just  north  of  the 
Plymouth  branch  of  the  Old  Colony  Railroad,  known  as  the  Plain 
Street  lot,  another  in  the  south-westerly  part  of  the  town,  known 
as  the  Mayflower  Park  lot,  and  a  third  in  the  north-westerly  por- 
tion of  the  town,  known  as  the  Collins  Farm  lot. 
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The  Collins  Farm  lot  is  unsuitable  for  this  purpose  on  account 
of  its  being  located  where  the  effluent  from  the  sewage  would  find 
its  way  both  into  the  present  water  supply  of  the  city  of  Quincy 
and  into  the  territory  from  which  this  city  was  authorized  by  the 
Legislature  in  1891  to  take  an  additional  water  supply. 

At  the  Plain  Street  lot  the  test  pits  indicated  that  the  material 
is  of  excellent  quality  for  filtering  sewage,  and  the  principal  objec- 
tions to  it  are  its  proximity  to  the  village  of  South  Braintree  and 
the  limited  area  of  suitable  land  which  is  available  at  this  place. 
It  is  also  an  objection  to  this  lot,  though  to  a  less  extent  than  to 
the  others,  that  it  requires  the  sewage  to  be  pumped  a  long  dis- 
tance from  the  lowest  point  in  the  town  (where  a  pumping  station 
would  naturally  be  located) ,  and  to  quite  a  high  elevation. 

At  the  Mayflower  Park  lot  the  test  pits  indicated  that  in  addi- 
tion to  the  coarser  sand  and  gravel  there  were  layers  of  very  fine 
sand,  which,  while  not  preventing  the  use  of  the  lot  for  the  filtra- 
tion of  sewage,  would  require  it  to  be  applied  in  smaller  quantities 
per  acre,  and  would  therefore  require  a  greater  amount  of  land  to 
dispose  of  the  sewage.  The  principal  objections  to  the  lot  are  its 
proximity  to  several  houses,  its  limited  area  and  the  very  great 
distance  which  the  sewage  would  have  to  be  pumped  to  reach  it. 

The  amount  of  laud  required  to  purify  the  sewage  of  Braintree 
by  intermittent  filtration  would  depend  both  upon  the  quality  of 
the  land  and  upon  the  amount  of  sewage.  In  a  general  way  it 
may  be  said  that  from  6  to  10  acres  of  filter-beds  would  meet  all 
requirements  for  a  few  years,  and  that  it  is  desirable  to  have  not 
less  than  20  or  30  acres  in  all  to  provide  for  future  growth.  It 
does  not  seem  probable  that  this  amount  of  land  can  be  made  avail- 
able at  either  the  Mayflower  Park  or  the  Plain  Street  location. 

As  a  general  result  of  this  preliminary  examination  the  Board  is 
of  opinion  that,  before  adopting  either  of  the  tracts  brought  to  its 
attention,  it  would  be  advisable  for  the  town  to  cause  examinations 
to  be  made  to  ascertain  if  a  more  satisfactory  disposal  of  the  sew- 
age cannot  be  effected  by  discharging  it  into  the  sea  at  some  suit- 
able outlet.  The  nearness  of  the  village  of  Weymouth  to  the 
lowest  point  in  Braintree  suggests  that  the  interests  of  both  com- 
munities might  be  served  by  united  action  by  the  towns  of  Wey- 
mouth and  Braintree  in  the  construction  of  an  outlet  to  the  sea ; 
but  even  if  it  should  be  built  by  Braintree  alone  it  may  be  cheaper 
and  more  satisfactory  than  the  disposal  of  the  sewage  upon  any  of 
the  areas  examined  up  to  the  present  time. 

Brockton.  The  sewerage  commissioners  of  Brockton 
applied  to  the  Board,  Sept.  14,  1892,  for  its  advice  relative 
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"  3.  Will  the  Board  suggest  the  size  of  out-of-door  filter-beds  deemed 
necessary  to  make  acceptable  our  second  plant? 

"4.     Can  loam  be  used  over  the  sand  in  filter-beds?" 

The  application  was  Accompanied  by  plans  of  the  proposed  plant  at  the 
location  first  indicated,  which  is  an  area  of  low  ground  bordering  on  the 
right  or  easterly  bank  of  the  Shawsheen  River,  between  Main  Street, 
Harding  Street  and  the  Boston  &  Maine  Railroad ;  and  subsequently  a 
report  was  submitted  relating  to  the  proposed  method  of  operation  of  the 
plant,  and  a  sample  of  the  sand  intended  to  be  used. 

The  essential  features  of  the  plan  are  settling  tanks  for  the  removal 
of  the  suspended  matters  from  the  sewage  by  sedimentation ;  filter-beds 
having  an  area  of  2,800  square  feet,  and  containing  about  5  feet  in  depth 
of  filtering  material,  through  which  it  is  expected  to  filter  sewage  from  the 
settling  tanks  intermittently  at  a  rate  of  3,200,000  gallons  per  acre  daily; 
and  a  secondary  filter-bed,  having  an  area  of  2.3  acres,  to  be  used  for  the 
filtration  of  the  effluent  from  the  first-mentioned  filters  by  application  to 
sand  beneath  a  layer  of  loam.  By  the  alternative  plan,  the  last-mentioned 
filter-bed  may  be  omitted,  but  the  effluent  in  either  case  would  be  dis- 
charged into  the  Shawsheen  River. 

The  Board  has  carefully  considered  the  proposed  scheme,  and  finds  that 
it  is  a  thoroughly  impracticable  one  for  the  disposal  of  the  sewage  of  the 
town  of  Andover. 

The  settling  tanks  into  which  the  sewage  would  be  discharged  as  it  came 
from  the  main  sewer  cannot  be  expected  to  remove  more  than  a  very  small 
portion  of  the  suspended  matter.  Experiments  at  Lawrence  with  reference 
to  the  removal  of  organic  matter  from  sewage  by  sedimentation  have  shown 
that  by  allowing  sewage  to  settle  for  four  hours  about  18  per  cent,  of  the 
organic  matter,  as  indicated  by  the  albuminoid  ammonia,  was  removed. 
The  consumption  of  water  in  Andover  for  the  year  1894  averaged  323,000 
gallons  per  day,  and  it  is  not  unreasonable  to  expect  that  the  amount  of 
sewage  to  be  disposed  of  after  the  sewerage  system  has  come  into  general 
use  may  be  in  the  vicinity  of  200,000  gallons  per  day.  With  this  quantity 
of  sewage  flowing,  the  time  occupied  by  it  in  passing  through  the  proposed 
settling  tanks  would  not  average  more  than  two  hours,  or  about  one-half 
the  time  allowed  in  the  experiments  at  Lawrence,  and  during  the  portion  of 
the  day  when  the  flow  was  greatest  the  sewage  would  pass  through  the 
tanks  in  less  time ;  moreover,  there  would  be  a  constant  flow  of  sewage 
through  the  proposed  tanks,  while  in  the  case  of  the  experiments  at  Law- 
rence the  liquid  was  not  disturbed. 

The  in-door  filter-beds  for  the  rapid  filtration  of  the  sewage  after  it  has 
passed  through  the  settling  tanks  are  altogether  inadequate  for  the  purpose, 
and  would  very  quickly  become  clogged,  so  that  the  required  quantity  of 
sewage  could  not  be  made  to  pass  through  them. 
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ing  the  works,  the  Board  is  of  opinion  that  a  pumping  station 
should  not  be  a  source  of  offence  to  the  neighborhood. 

The  provision  of  an  overflow  from  the  receiving  reservoir  and 
of  blow-offs  from  depressions  in  the  force  main,  where  it  crosses 
under  the  Salisbury  Plain  and  Coweeset  rivers,  is  a  wise  precau- 
tion ;  but  these  should  be  considered  only  as  a  provision  for  unfore- 
seen emergencies  and  should  never  be  used  in  the  ordinary 
operation  of  the  works. 

The  ground  where  the  filter-beds  are  to  be  located  has  been  very 
thoroughly  examined  by  means  of  test  pits.  The  material  is  of 
excellent  quality  for  the  filtration  of  sewage  and  the  water  level 
in  the  ground  is  at  a  considerable  distance  below  its  surface. 
These  natural  features,  together  with  the  careful  manner  in  which 
it  is  proposed  to  construct  the  beds  and  their  appurtenances,  will 
permit  them  to  be  used  for  the  disposal  of  an  unusually  large 
amount  of  sewage. 

It  has  also  been  found,  since  the  water  supplied  to  the  city  has 
been  pumped,  and  therefore  measured,  that  the  amount  of  water 
consumed  per  inhabitant  is  unusually  small ;  and  the  amount  of 
sewage  will  also  be  unusually  small,  in  proportion  to  the  popula- 
tion, if  the  ground  water  is  kept  out  of  the  sewers,  as  is  now 
proposed. 

All  of  these  facts  lead  the  Board  to  conclude  that  the  area  to  be 
used  for  filtration,  although  smaller  than  it  is  customary  to  recom- 
mend, will  be  sufficient  for  at  least  the  first  few  years  of  the  oper- 
ation of  the  works,  after  which  it  will  be  necessary  to  extend  the 
area. 

The  land  in  Brockton,  lying  easterly  of  the  proposed  filter-beds, 
which  slopes  from  Pearl  Street  to  the  cranberry  meadow,  might  be 
used  to  a  limited  extent  for  filtering  sewage,  but  the  test  pits  show 
that  layers  of  an  impervious  clayey  material  are  found  in  many 
places  at  from  3£  to  6£  feet  below  the  surface  and  that  the  water 
stands  in  the  ground  much  nearer  the  surface  than  on  the  other 
side  of  the  street.  This  land  could  only  be  used  to  dispose  of  a 
comparatively  small  amount  of  sewage.  The  land  in  Brockton 
north  of  and  across  Daley  Brook  from  the  proposed  filter-beds  is 
better  than  that  on  the  easterly  side  of  Pearl  Street  but  not  as 
good  as  that  where  the  filter-beds  are  located.  This  land  would 
be  fairly  well  adapted  for  the  filtration  of  sewage. 

The  best  land  in  this  vicinity  for  the  extension  of  the  filter-beds 
lies  just  west  of  them,  within  the  limits  of  the  town  of  E  as  ton. 
This  land  is  similar  in  character  to  that  where  the  filter-beds  now 
proposed  are  located  and  is  superior  in  quality,  topography,  char- 
acter of  material  and  distance  from  habitations  to  the  land  either 
<east  or  north  of  them. 


74  STATE  BOARD  OF  HEALTH.     [Pub.  Doc. 

Since  the  proposed  plan  involved  the  taking  of  certain 
land  within  the  limits  of  the  city,  further  action  of  the 
Board  was  required  under  the  provisions  of  chapter  124  of 
the  Acts  of  1890.  A  public  hearing  was  therefore  held  by 
the  Board,  after  which  the  following  reply  was  sent  to  the 
mayor  of  Brockton  :  — 

Boston,  April  17, 1893. 

The  State  Board  of  Health  has  received  your  petition  dated 
March  25,  1893,  made  in  behalf  of  the  city  of  Brockton  under  the 
authority  of  chapter  124  of  the  Acts  of  1890,  entitled  "An  Act 
providing  for  the  purchase  or  taking  of  land  by  cities  and  towns 
for  the  purification  and  disposal  of  sewage,"  asking  the  Board  to- 
approve  the  purchase  or  taking  by  said  city  of  certain  lands  in. 
Brockton  for  the  purification  and  disposal  of  its  sewage.  Said 
lands  are  described  in  said  petition  and  shown  on  an  accompany- 
ing plan,  as  follows:  "24  acres  and  128.9  rods,  being  lands  of 
Charles  C.  Manley ;  20  acres  and  58.7  rods,  being  lands  of  heirs 
of  Salmon  Copeland ;  1  acre,  being  lands  of  David  Frost ;  2  acres 
and  73.28  rods,  being  lands  of  Milo  Manley;  121.77  rods,  being 
lands  of  Augustus  Remick ;  2  acres  and  70.25  rods,  being  lands  of 
George  Howard." 

In  response  to  this  petition  the  Board  gave  a  public  hearing  at 
its  office  in  Boston,  on  April  10,  1893,  after  due  notice  of  said 
hearing  by  publication  in  the  Brockton  "  Enterprise"  and  Brock- 
ton "  Dispatch."  Having  thus  complied  with  the  requirements  of 
the  law  the  Board  after  due  consideration  herewith  approves  the 
purchase  or  taking  of  the  premises  described  in  said  petition  and 
shown  upon  the  plan  which  accompanied  it. 

Framingham.  The  selectmen  of  Framingham  applied  ta 
the  Board  for  advice  relative  to  a  proposed  plan  for  the  dis- 
posal of  the  water  of  the  underdrain  of  the  sewerage  system 
of  South  Framingham,  by  pumping  and  final  discharge  into 
Bannister  Brook.     The  Board  replied  as  follows :  — 

Boston,  Feb.  6, 1893. 
Your  application  to  the  State  Board  of  Health  dated  Jan.  23, 
1893,  for  advice  with  regard  to  the  disposal  of  the  water,  which  is 
now  discharged  from  the  underdrain  beneath  the  Framingham 
sewers  into  the  water  supply  of  Boston,  by  pumping  this  water  into 
Bannister  Brook  at  a  point  north  of  Hartford  Street,  beyond  the 
watershed  from  which  said  supply  is  derived,  has  been  carefully 
considered 
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The  opinion  of  the  Board  with  regard  to  the  desirability  of 
diverting  this  water  from  the  water  supply  of  Boston  has  already 
been  given  in  its  reply  to  the  Board  of  Selectmen  of  Framingham 
dated  Sept.  2,  1890. 

With  regard  to  the  method  of  disposal  now  proposed,  the  princi- 
pal features  from  a  sanitary  stand-point  are  the  open  reservoir  near 
the  pumping  station,  in  which  is  to  be  stored  the  water  from  the 
underdrain  during  the  night  or  at  such  other  times  as  the  pumps 
are  not  in  operation,  and  the  location  of  the  final  point  of  dis- 
charge. While  it  is  not  probable  that  the  open  reservoir  will  prove 
objectionable  in  any  way  yet  the  Board  considers  it  advisable  that 
it  should  be  made  as  small  as  is  consistent  with  a  fair  degree  of 
economy  in  pumping.  The  capacity  stated  in  the  report  which 
accompanied  the  application  seems  unnecessarily  large. 

With  regard  to  the  final  disposal  of  the  water  from  the  under- 
drain by  discharging  it  into  the  upper  end  of  Bannister  Brook 
north  of  Hartford  Street,  and  beyond  the  watershed  from  which 
the  city  of  Boston  derives  its  supply,  the  Board  is  of  opinion 
that  this  method  of  disposal  is  permissible  for  the  present ;  but  if 
the  character  of  the  water  should  deteriorate  it  may  become  neces- 
sary to  discharge  it  upon  a  small  filtering  area,  and  it  would  be 
well  to  have  the  outlet  where  two  or  three  acres  of  suitable  filtering: 
material  may  be  secured. 

Holyoke.  The  mayor  of  Holyoke  applied  to  the  State 
Board  of  Health,  Feb.  13,  1893,  for  advice  relative  to  & 
system  of  sewerage  and  sewage  disposal  for  the  villages  of 
Elmwood,  Oakdale  and  Springdale,  having  an  outlet  into  the 
Connecticut  River,  opposite  the  trotting  park  in  the  lower 
part  of  the  city.     The  Board  replied  as  follows  :  — 

Boston,  March  2, 1893. 
The  Board  is  of  the  opinion  that  the  sewage  of  these  sections  of 
your  city  may  for  the  present  be  discharged  into  the  river  at  the 
place  indicated,  but  advises  that  the  lower  portion  of  the  sewer 
should  be  so  designed  and  constructed  that  the  dry  weather  flow 
will  be  carried  well  out  into  the  river  by  means  of  a  pipe  of  moder- 
ate size  leading  from  the  bottom  of  the  sewer,  thereby  preventing 
the  fouling  of  the  shore. 

Leicester.  The  water  commissioners  of  the  water  sup* 
ply  district  of  Leicester  applied  to  the  Board,  Jan.  23,  1893, 
for  advice  as  to  a  plan  of  sewerage  and  sewage  disposal  for 
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the  village  of  Leicester.  At  a  later  date,  March  1,  they 
submitted  a  legislative  document  (House  Document  385), 
stating  that  the  committee  on  drainage  requested  that  the 
bill  accompanying  the  petition  of  the  commissioners  should 
be  accompanied  with  the  advice  of  the  State  Board  of 
Health.    The  Board  replied  to  this  application  as  follows  : — 

Boston,  March  3,  1893. 

In  reply  to  your  request  of  March  1 ,  relative  to  the  application 
dated  Jan.  23,  1893,  of  the  Leicester  Water  Supply  District,  for 
advice  in  the  matter  of  the  disposal  of  the  sewage  of  said  district, 
the  Board  would  state  that  it  will  be  impracticable  to  advise  until 
the  snow  disappears,  so  that  a  proper  examination  of  the  ground 
can  be  made. 

With  regard  to  the  other  matter  mentioned,  namely,  the  bill 
(House  Document  No.  385)  extending  the  authority  of  the  water 
commissioners  of  the  district  so  that  they  shall  also  be  a  board  of 
commissioners  of  main  drains,  common  sewers,  sidewalks  and 
cross-walks,  and  providing  that  the  district  may  raise  money  for 
carrying  out  the  provisions  of  the  act,  the  principal  object  appears 
to  be  to  confer  powers  upon  the  district  and  its  water  commission- 
ers with  regard  to  the  construction  of  main  drains,  common  sew- 
ers, sidewalks  and  cross-walks,  similar  to  those  already  possessed 
by  towns  and  their  selectmen.  So  far  as  the  bill  provides  for  the 
transfer  of  power  from  the  town  and  its  selectmen  to  the  district 
and  its  water  commissioners,  the  Board  does  not  consider  it  within 
its  province  to  advise. 

In  looking  at  the  provisions  of  the  bill  in  other  respects,  it  is 
noticed  that  while  it  provides  for  the  construction  of  main  drains 
and  common  sewers,  and  for  taking  the  land  which  may  be  neces- 
sary therefor,  it  does  not  authorize  the  construction  of  sewage 
disposal  works  or  the  taking  of  land  for  this  purpose  should  the 
purification  of  the  sewage  be  found  necessary.  The  Board  would 
therefore  suggest  that  the  bill  might  with  advantage  be  modified  so 
as  to  give  the  required  authority  in  these  respects,  and  herewith 
transmits  a  copy  of  the  bill  with  suggested  modifications  to  accom- 
plish this  result. 

Should  the  Committee  on  Drainage  think  it  advisable  to  limit  the 
power  granted  to  the  water  supply  district  with  a  view  to  prevent- 
ing any  improper  disposal  of  the  sewage,  it  might  require  the 
system  of  sewerage  adopted  and  the  land  taken  for  sewage  disposal, 
should  any  be  required,  to  be  subject  to  the  approval  of  the  State 
Board  of  Health.  This  might  be  accomplished  by  adding  after  the 
word  "  therefore  "  in  section  5,  line  8  :  — 
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Provided,  however,  that  any  system  or  systems  of  sewerage,  drainage 
or  sewage  disposal  constructed  under  the  provisions  of  this  act  shall  be 
in  general  accordance  with  some  plan  or  plans  approved  by  the  State 
Board  of  Health,  and  no  land  shall  be  taken  for  sewage  disposal  pur- 
poses without  the  approval  of  said  Board. 

The  Committee  on  Drainage  may  also  desire  to  restrict  the  terri- 
tory within  which  land  can  be  taken,  by  adding  after  the  word 
"land,"  in  section  5,  line  7,  the  words  "  within  the  limits  of  the 
town  of  Leicester." 


The  final  reply  of  the  Board  relative  to  this  plan  of  sewage 
disposal  was  as  follows  :  — 

B08TON,  June  1, 1893. 

The  situation  of  the  village  upon  the  hill  is  such  that  nearly  all 
of  the  sewage  can  be  carried  by  a  single  system  to  the  westerly 
side  of  the  town  in  the  vicinity  of  Rawson  Brook,  so  called,  or  it 
is  feasible  to  provide  two  systems,  one  of  which  would  convey  the 
sewage  of  rather  more  than  half  of  the  village  to  the  above  indi- 
cated location  on  the  westerly  side  of  the  town,  while  the  other 
would  take  the  sewage  from  the  remainder  of  the  village  in  an 
easterly  direction.  An  examination  of  the  whole  territory  indi- 
cated that  it  would  be  well  to  take  as  much  sewage  as  possible  in 
a  westerly  direction  to  a  point  near  the  Rawson  Brook. 

After  considering  all  of  the  conditions  affecting  the  discharge  of 
the  sewage  into  Rawson  Brook,  the  Board  has  reached  the  conclu- 
sion that  such  discharge  should  not  be  permitted  even  in  the 
beginning  until  the  sewage  had  been  at  least  partially  purified  by 
the  removal  of  the  greater  portion  of  the  suspended  matter.  In 
the  future  a  more  complete  purification  of  the  sewage  may  be 
found  necessary. 

The  best  method  of  purification  cannot  be  determined  without 
a  more  extended  examination  of  the  ground  than  it  is  feasible  for 
this  Board  to  have  made,  and  your  town  is  therefore  advised  to 
employ  a  competent  engineer  to  make  the  necessary  surveys  and 
devise  a  system  for  the  purification  of  the  sewage  to  at  least  the 
extent  above  indicated.  The  Board  will  advise  further  with  regard 
to  such  system  when  the  plans  are  submitted  by  you. 

Where  sewage  is  to  be  purified  the  smaller  the  amount  of  water 
to  be  taken  care  of,  the  less  the  difficulty  of  purification.  The 
Board  therefore  commends  your  plan  for  adopting  a  system  of 
sewers  from  which  all  storm  water  is  to  be  excluded,  and  would 
further  advise  the  exclusion  of  as  much  ground  water  as  it  is  feas- 
ible to  exclude. 
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The  town  of  Leicester,  having  obtained  an  act  from  the 
Legislature  requiring  the  approval  of  its  plans  by  the  State 
Board  of  Health  (chap.  181,  Acts  of  1893),  submitted  plans 
to  the  Board,  June  30,  1893,  a  statement  of  which,  together 
with  the  approval  of  the  Board,  are  as  follows :  — 

Boston,  Dec  30, 1893. 

Under  the  provisious  of  chapter  181  of  the  Acts  of  1893,  en- 
titled "  An  Act  to  authorize  the  Leicester  Water  Supply  District 
to  construct  and  maintain  a  system  of  sewerage  and  drainage," 
the  State  Board  of  Health  received  from  you  on  June  30,  1893, 
a  written  statement  of  your  plan  for  the  sewerage  of  the  village 
of  Leicester.  This  statement  of  your  plan,  as  subsequently 
amended  and  submitted  in  a  new  draft  dated  Dec.  22,  1893,  is  as 

follows :  — 

13  Beacon  Street,  Boston,  Mass. 
To  the  State  Board  of  Health. 

The  water  commissioners  of  the  Leicester  Water  Supply  District 
having  received  your  reply  of  June  1,  1893,  to  their  application 
for  advice  in  relation  to  the  disposal  of  the  sewage  of  the  village 
of  Leicester,  submit,  for  your  approval,  the  following  plans  for  its 
disposal. 

In  accordance  with  your  suggestion,  we  propose  to  carry  the 
sewage  as  far  as  possible  to  the  westerly  side  of  the  village,  and 
remove  all  the  organic  matter  in  suspension,  so  far  as  practicable, 
before  discharging  the  effluent  into  Rawson  Brook. 

To  accomplish  this  end,  the  separate  water  carriage  system  is  to 
be  adopted,  to  the  extent  of  excluding  all  street  or  storm  water, 
roof  water  and  ground  water,  so  far  as  feasible,  the  sewers  to  be 
flushed  only  when  necessary  with  clean  water  from  the  mains. 

The  suspended  matter  is  to  be  removed,  as  far  as  practicable, 
by  allowing  the  heavier  portion  to  settle  in  the  tank  (to  be  hereafter 
described),  and  by  mechanical  straining,  if  necessary,  of  the 
lighter  part. 

In  order  that  the  effluent  may  contain  the  smallest  possible 
quantity  of  organic  matter  in  solution,  the  separation  is  to  be 
effected  while  the  sewage  is  fresh. 

The  natural  conditions  of  the  location  of  the  village  on  the  slope 
of  a  hill  are  to  be  utilized  as  far  as  practicable  by  laying  the  sewers 
in  accordance  with  approved  forms  of  sewerage  construction,  to 
line  and  grade,  with  manholes  at  material  changes  of  line  and 
grade,  at  points  of  intersecting  sewers,  and  wherever  necessary, 
so  as  to  insure  easy  cleaning  out,  and  the  most  rapid  flow  and  con- 
centration of  the  sewage  to  the  point  of  disposal. 
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For  this  purpose,  8-inch,  9-inch  and  10-inch  Akron  salt-glazed 
pipe  is  to  be  used.  Ground  water  is  to  be  excluded  by  using  cast- 
iron  pipe  when  crossing  wet,  swampy  land  not  easily  drained  out- 
side of  the  highway,  and  by  carefully  making  the  joints  and 
plugging  the  branches  for  particular  sewers. 

All  the  sewage  for  the  present  is  to  be  collected  at  a  point  on 
Pine  Street,  1,100  feet  south  of  Main  Street,  and  thence  carried  in 
a  10-inch  pipe,  laid  at  a  grade  of  about  0.4  per  cent.,  in  a  south- 
westerly direction,  as  shown  by  an  accompanying  plan,  a  distance 
of  about  1,250  feet,  to  the  top  of  a  small  knoll,  and  there  discharged 
into  a  settling  tank. 

This  tank  is  to  be  built  either  of  brick  or  field  stone,  laid  in 
•cement  mortar  and  plastered  on  the  inside.  It  is  to  be  covered 
with  a  roof  or  building.  It  is  to  contain  not  less  than  600  cubic 
feet  of  sewage. 

The  overflow  pipe  from  the  tank  is  to  be  on  the  opposite  side 
from  where  the  sewage  enters,  and  provision  is  to  be  made  for 
breaking  the  force  of  the  stream  which  enters  the  tank,  so  as  to 
make  the  sewage  flow  quietly  through  it,  and  for  preventing  the 
floating  scum  from  passing  out  through  the  overflow  pipe. 

The  sewage  passing  from  the  tank  is  to  be  further  purified  as  far 
as  practicable  by  flowing  it  over  land,  or  through  a  series  of  ditches, 
to  Rawson  Brook ;  but  provision  will  be  made  so  that  the  sewage 
will  not  have  to  run  continuously  in  any  one  channel. 

At  the  bottom  of  the  tank  an  8-inch  gate  connection  with  an  8- 
inch  pipe  is  to  be  laid  at  a  down  grade  of  about  one  foot  to  the 
hundred  to  the  point  of  discharge.  Through  this  pipe  the  sewage 
or  sludge  which  settles  at  the  bottom  of  the  tank  is  to  be  discharged 
once  or  twice  a  week,  as  may  be  necessary,  upon  ground  thoroughly 
underdrained  and  levelled,  so  as  to  have  a  slight  downward  pitch 
from  the  point  of  discharge.  This  ground  is  to  be  ridged  around 
the  outer  edge,  so  that  the  sludge  may  be  distributed  somewhat 
•evenly  over  the  surface.  After  the  water  which  it  contains  has 
percolated  through  the  drained  surface,  the  solid  refuse  is  to  be 
carted  away.  Two  or  three  beds  of  this  kind  will  be  prepared  to 
be  used  alternately,  and  provision  will  be  made  for  discharging  the 
sludge  brought  by  the  8-inch  pipe  upon  them. 

By  extending  the  8-inch  pipe  further  in  a  southerly  direction, 
other  sludge  beds  can  be  prepared  when  necessary  to  meet  future 
requirements. 

It  is  proposed  to  acquire  the  knoll  or  ridge  upon  which  the  tank 
is  to  be  located,  and  other  knolls  or  ridges  southwesterly  therefrom, 
and  all  of  the  land  between  these  knolls  or  nidges  and  Rawson 
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Brook,  for  the  disposal  of  the  sewage,  and  to  purify  the  sewage 
upon  this  land  as  far  as  it  may  be  found  practicable  to  do  so. 

(Signed)  H.  O.  Smith, 

C.  W.  Warren, 

D.  Bemis, 

Water  Commissioners  ~ 
Leicester,  Dec.  22, 1893. 

The  Board  has  caused  a  careful  examination  of  the  foregoing 
plan  submitted  by  you  to  be  made,  and  hereby  approves  said  plan. 

North  Brookfield.  The  selectmen  of  North  Brook- 
field  applied  to  the  State  Board  of  Health,  July  23,  1893, 
for  advice  relative  to  an  extension  of  their  existing  system, 
of  sewerage  and  to  an  improved  method  of  sewage  disposal- 
The  Board  replied  as  follows  :  — 

Boston,  Sept.  8,  1893. 

The  plan,  as  set  forth  by  the  application  and  plans  submitted, 
provides  for  the  extension  of  the  present  main  sewer  to  the  north- 
erly end  of  the  town  farm,  the  lower  portion  of  said  sewer  to  be 
an  inverted  siphon  of  iron  pipe.  At  the  outlet  of  the  siphon  a 
settling  tank  is  shown,  and  provision  is  made  for  cleaning  it  by 
discharging  its  contents  through  an  8-inch  pipe  extending  from 
the  bottom  of  the  tank  down  the  hill  to  a  sludge  bed.  The  plan 
also  shows  another  pipe  extending  down  the  hill,  to  serve  as  a 
main  carrier  of  a  system  for  distributing  the  settled  sewage.  The 
other  carriers  are  not  shown,  but  it  is  understood  that  they  are  to 
consist  of  ditches  dug  along  the  hillside,  and  having  only  a  slight 
slope  from  the  main  carrier  to  their  lower  ends.  It  is  further 
stated  that  the  sewage  can  be  turned  upon  about  17  acres  of  mow- 
ing and  tillage  land  of  a  sandy  nature,  and  thus  dispose  of  the 
same  by  broad  irrigation,  and  that  there  is  other  land  upon  the 
town  farm  which  could  be  easily  used  in  the  future  if  necessary. 
The  quantity  of  sewage  at  present  is  said  to  be  about  50,000  gal- 
lons per  day. 

Under  the  conditions  which  exist  in  the  present  case  it  is  advis- 
able to  screen  the  sewage,  rather  than  to  settle  it,  and  thus  avoid 
the  possibility  of  producing  offensive  odors  when  the  contents  of 
the  settling  tank  are  discharged  upon  the  sludge  bed.  The  in- 
verted siphon  can  undoubtedly  be  made  to  operate  aa  now  pro- 
posed, but  it  would  be  a  desirable  safeguard  to  adopt,  to  place 
screens  above  the  entrance  of  the  siphon,  and  thus  prevent  any 
large  substances  from  getting  into  it.  The  satisfactory  operation 
of  the  siphon  would  also  be  further  insured  by  constructing  an 
automatic  flush  tank  above  it,  so  that  the  sewage,  instead  of  flow- 
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ing  through  it  continuously  in  a  sluggish  stream,  would  pass 
through  intermittently  with  a  high  velocity,  and  thus  prevent  the 
formation  of  putrefying  deposits  in  the  pipe.  This  intermittent 
discharge  of  the  sewage  would  also  facilitate  its  distribution  over 
the  land.  The  use  of  screens  may  be  objected  to  on  the  ground 
that  they  will  require  excessive  attention,  but  this  objection  can 
be  overcome  to  a  large  extent  by  providing  a  very  large  screen 
area. 

The  changes  as  suggested  would  tend  to  decrease  the  cost  of 
the  work,  as  the  screen  chamber  and  flush  tank  shonld  not  cost 
any  more  than,  if  as  much  as,  the  proposed  settling  tank,  sludge 
pipe  and  sludge  bed ;  and  by  screening  the  sewage  so  that  no 
large  substances  would  enter  the  siphon  pipe  it  would  be  feasible 
to  reduce  the  diameter  of  this  pipe  to  8  inches. 

With  the  present  knowledge  with  regard  to  sewage  disposal 
there  would  be  a  greater  certainty  of  success  if  the  sewage  was 
discharged  upon  beds  prepared  upon  the  most  porous  part  of  the 
town  land  and  disposed  of  by  intermittent  filtration.  The  proper 
preparation  of  these  beds  would  include  the  removal  of  the  black 
and  yellow  loam  at  the  surface  and  the  grading  of  the  beds,  so 
that  the  sewage  could  be  evenly  distributed  upon  them.  It  is 
probable,  however,  that,  with  the  small  quantity  of  sewage  to  be 
taken  care  of,  satisfactory  results  may  be  obtained  by  the  system 
of  broad  irrigation  proposed  by  the  town,  and  with  less  expense 
than  by  intermittent  filtration,  and  the  Board  therefore  thinks  it 
proper  that  the  town  should  begin  to  dispose  of  the  sewage  by 
broad  irrigation.  It  would  advise,  however,  that  even  in  the  be- 
ginning, several  small  beds,  having  an  aggregate  area  of  not  less  than 
one-half  an  acre,  should  be  carefully  prepared  for  intermittent  filtra- 
tion by  the  removal  of  the  soil,  for  use  at  times  when  it  is  impracti- 
cable or  inconvenient  to  dispose  of  the  sewage  by  broad  irrigation. 

Where  the  sewage  is  disposed  of  upon  a  hillside  by  broad  irriga- 
tion, there  will  be  a  tendency,  if  the  sewage  is  allowed  to  flow  long 
in  one  place,  for  it  to  gather  in  a  stream  and  flow  down  the  hill. 
To  meet  this  contingency  a  large,  level,  intercepting  ditch  should  be 
constructed  around  the  lower  part  of  the  land,  not  less  than  5  feet 
above  the  brook,  to  intercept  streams  of  this  character  and  prevent 
them  from  flowing  unfiltered  into  the  brook.  Around  other  mar- 
gins of  the  field  small  ditches  should  be  dug  to  prevent  the  sewage 
from  flowing  off  in  these  directions  and  convey  it  to  the  large  inter- 
cepting ditch  just  mentioned. 

In  all  cases  of  sewage  disposal,  and  particularly  where  broad 
irrigation  is  adopted,  the  attainment  of  successful  results  depends 
to  a  very  large  extent  upon  the  intelligent  care  taken  to  effect  a 
proper  distribution  of  the  sewage. 
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Pittsfield.  The  city  of  Pittsfield  presented  to  the  Board, 
May  11,  1891,  a  plan  of  sewerage  and  sewage  disposal, 
under  the  provisions  of  chapter  357,  Acts  of  1890,  providing 
for  the  permanent  disposal  of  sewage  of  the  city  by  filtration 
upon  land  in  the  valley  of  the  Housatonic  River,  with  a  tem- 
porary outlet  into  the  river  during  the  construction  of  the 
works.  This  plan  was  approved  by  the  Board,  May  12, 
1891,  with  the  provision  that  the  direct  discharge  into  the 
river  should  not  continue  after  June  1,  1900. 

On  the  27th  of  December,  1892,  the  Sewer  Commissioners 
applied  to  the  Board  requesting  the  following  modification  of 
the  plan  approved  by  the  Board :  "To  strike  out  so  much 
of  said  plan  as  designates  specific  areas  of  land  for  the  per- 
manent disposition  of  said  sewage,  and  by  striking  out  so 
much  of  said  plan  as  provides  that  after  the  date  therein 
specified  all  sewage  is  to  be  pumped  to  filtering  fields  across 
the  river  and  there  disposed  of  by  intermittent  filtration,  and 
by  inserting  instead  thereof  a  provision  that  after  said  date 
all  sewage  is  to  be  permanently  disposed  of  by  such  methods 
as  the  State  Board  of  Health  shall  then  approve."  The 
Board  replied  to  this  application  as  follows  :  — 

Boston,  Jan.  10, 1893. 
By  the  plan  approved  by  the  State  Board  of  Health,  above 
referred  to,  the  Board  permitted  the  use  of  the  Housatonic  River 
for  the  discharge  of  the  sewage  of  Pittsfield  until  the  year  1900, 
and  after  that  date  the  sewage  was  to  be  cared  for  upon  filtering 
areas  of  land  and  the  discharge  into  the  river  stopped.  The  use  of 
the  river  was  therefore  but  for  a  brief  period,  and  the  main  features 
of  the  general  plan  presented  by  the  city  of  Pittsfield,  and  approved 
by  this  Board,  provided  for  the  ultimate  care  of  the  sewage  upon 
the  filtering  areas.  The  changes  now  asked  for,  if  approved  by 
this  Board,  would  leave  the  city  of  Pittsfield  without  provision  for 
its  future  disposal  of  sewage  other  than  the  river.  The  Board  is  of 
opinion  that  such  a  course  is  not  advisable  for  the  city,  nor  does 
the  Board  feel  it  will  do  its  duty  should  it  approve  any  plan  not 
fully  providing  for  the  future  proper  sanitary  care  of  the  city's 
sewage.  The  Board  therefore  cannot  approve  the  amendments  as 
proposed,  but  will  consider  any  further  plans  in  regard  to  the  ulti- 
mate disposal  of  the  sewage  which  the  city  may  desire  to  present. 

Plymouth.  The  committee  on  sewerage  of  the  town  of 
Plymouth  applied  to  the  Board,  March  30, 1893,  for  its  advice 
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relative  to  a  plan  of  sewerage  and  sewage  disposal  for  that 
town.     The  Board  replied  as  follows  :  — 

Boston,  Jane  14, 1898. 

The  plan  referred  to  shows  the  outlines  of  a  system  of  sewerage 
for  the  portion  of  the  town  from  which  sewage  can  be  brought  by 
marginal  intercepting  sewers  to  a  point  in  Water  Street  just  north 
of  all  wharves,  and  a  12-inch  cast-iron  pipe  extending  from  this 
connecting  point  out  into  the  harbor  to  the  North  Guzzle,  so  called. 
It  is  understood  that  the  plan  proposes  the  admission  of  storm 
water  into  the  sewers  from  the  main  street  of  the  town,  but  that 
elsewhere  it  is  to  be  excluded.  In  order  to  provide  for  the  dis- 
posal of  the  storm  water,  storm  overflows  from  the  marginal  sewer 
are  provided  at  four  points  along  the  shore. 

The  only  important  feature  in  which  the  Board  advises  a  change 
k  in  the  outlet  pipe,  which,  in  the  opinion  of  the  Board,  should  be 
changed  so  as  to  reach  the  Guzzle  at  a  point  as  far  from  the  shore 
as  it  is  practicable  to  extend  the  pipe,  but  not  more  than  1 ,500  feet. 
The  limit  of  1,500  feet  is  mentioned  because  it  is  doubtful  if  a 
pipe  longer  than  this  could  be  kept  free  from  deposits.  In  making 
the  pipe  longer,  as  advised,  its  size  should  be  increased  to  14 
inches,  which  will  not  only  offset  the  loss  of  capacity  due  to  the 
greater  friction  of  a  longer  pipe,  but  will  also  give  a  slight  addition 
to  the  capacity,  which  is  desirable. 

The  sizes  and  inclinations  of  the  intercepting  sewers  appear  to 
have  been  judiciously  chosen,  so  far  as  can  be  judged  from  the 
preliminary  plan  submitted.  These  sewers  of  necessity  are  placed 
at  a  low  level  as  compared  with  high  tide,  and  have  rather  low 
grades,  so  that  they  may  not  prove  wholly  self -cleansing,  but,  even 
if  they  should  not,  the  amount  of  care  required  to  keep  them  clean 
would  not  be  excessive.  The  cleaning  of  the  southern  branch  of 
the  intercepting  sewer  may  be  facilitated  by  the  construction  of 
an  inlet  as  large  as  the  sewer  itself  from  the  lower  millpond  on 
Town  Brook,  provided  the  millpond  is  at  a  sufficient  elevation, 
this  inlet  to  be  used  from  time  to  time  at  low  tide  for  flushing  the 
sewer. 

As  a  precaution  against  the  clogging  of  the  outlet  pipe  the  Board 
would  suggest  the  construction  of  a  small  chamber  at  its  upper 
end,  where  it  receives  the  sewage  from  the  intercepting  sewers. 
The  bottom  of  this  chamber  should  be  depressed  so  as  to  act  as  a 
settling  basin  and  catch  any  heavy  material  brought  down  by  the 
sewers.  It  could  be  built  in  the  street,  but  it  would  be  better  to 
construct  it  just  outside  the  street  lines  and  make  it  easily  acces- 
sible.    A  gate  at  the  upper  end  of  the  pipe,  by  which  the  water  or 
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sewage  could  be  held  back  in  the  sewers  and  then  let  out  suddenly 
at  low  tide  to  flush  the  pipe,  would  be  an  advantage. 

Spencer.  The  superintendent  of  sewers  of  Spencer  ar>- 
plied  to  the  Board,  June  1,  1893,  for  its  advice  relative  to 
a  system  of  sewage  disposal  upon  land  in  the  valley  of  Seven- 
Mile  River.     The  Board  replied  as  follows :  — 

Boston,  Dec  8, 1893. 

The  Board  finds  from  the  statements  contained  in  your  applica- 
tion, and  from  the  examinations  made  by  one  of  its  engineers,  that 
the  topography  of  the  town  is  such  that  nearly  all  of  the  sewage 
can  be  collected  by  a  system  of  sewers  with  a  main  sewer  leading 
toward  the  Seven  Mile  River  at  a  point  south-westerly  from  the 
centre  of  the  town,  that  the  main  sewer  and  a  large  part  of  the 
tributary  sewers  of  this  system  have  already  been  built,  and  that 
the  sewage  is  now  discharging  into  the  river.  It  is  the  sewage 
from  this  main  system  which  you  propose  to  deal  with  at  present. 

The  sewers  already  built  are  for  the  most  part  intended  to  take 
sewage  only,  but  at  a  few  points  catch-basins  have  been  built 
through  which  considerable  storm  water  is  admitted  to  the  sewers ; 
and  there  is  also  a  considerable  amount  of  ground  water  finding 
its  way  into  them,  which  materially  increases  the  volume  of  sewage 
to  be  taken  care  of.  The  sewers  also  receive,  in  addition  to  the 
sewage  proper,  certain  waste  matters  from  the  gas  works  in  the 
town,  which  make  the  sewage  particularly  offensive  and  destroy 
the  vegetation  in  the  vicinity  of  the  sewer  outlet. 

The  town  is  situated  on  high  land,  and  the  main  sewer  falls 
rapidly  until  it  reaches  the  lower  land  bordering  the  river.  By 
intercepting  the  sewage  before  it  reaches  too  low  a  level  the  sew- 
age can  be  discharged  by  gravity  upon  land  at  a  sufficient  height- 
above  the  river  for  sewage  filtration.  The  suggestion  has  been, 
made  by  you  that  the  town  now  owns  ten  acres  of  gravelly  land 
near  the  river,  through  which  the  present  main  sewer  passes,  which 
might  be  used  for  the  disposal  of  sewage  by  intermittent  filtration  ; 
and  that  there  are  also  about  three  acres  of  similar  land  adjoining 
the  town  lot  on  the  south  which  might  be  used  if  additional  area 
was  required. 

The  material  of  the  town  lot,  as  determined  by  several  test  pits 
and  by  an  examination  of  the  surface  of  the  ground,  is  of  suitable 
quality  for  the  disposal  of  sewage  by  the  method  suggested.  The 
proper  preparation  of  the  lot  for  sewage  disposal  would  involve 
the  removal  of  the  surface  loam  and  the  grading  of  the  land  into* 
beds  of  suitable  size,  having  a  surface  of  porous  sand  or  gravel. 


No.  34.]    ADVICE  TO  CITIES  AND  TOWNS.  85 

In  order  to  make  the  lower  portions  of  the  land  available  it  would 
be  necessary,  after  removing  the  surface  loam,  to  raise  them  by 
filling  with  porous  sand  or  gravel  to  a  level  six  feet  above  ordinary 
high  water  in  the  river.  The  filter  beds  which  have  surfaces  not 
more  than  8  feet  above  the  river  should  be  underdrained.  By  tak- 
ing the  sand  or  gravel  for  this  filling  from  the  higher  portions  of 
the  land  and  by  building  a  few  hundred  feet  of  sewer  in  Main 
Street,  so  that  the  sewage  will  reach  the  lot  at  a  higher  level,  it 
will  be  feasible  to  utilize  all  of  the  gravelly  land,  including  the 
three  acres  lying  south  of  the  town  lot. 

It  is  desirable  to  restrict  as  far  as  practicable  the  amount  of 
sewage  to  be  taken  care  of,  and  in  order  to  do  this  the  surface 
water  .which  now  enters  the  sewers  through  the  catch  basins  in  the 
streets  should  be  disposed  of  in  some  other  way.  It  is  also  desir- 
able to  diminish  the  amount  of  groundwater,  if,  upon  examination, 
it  should  be  found  feasible  to  do  so.  Should  any  large  amount  of 
ground  water  be  found  to  enter  the  main  sewer,  or  should  it  be 
found  desirable  to  continue  to  dispose  of  the  storm  water  through 
underground  channels,  it  may  be  best  to  lay  a  new  main  sewer  of 
much  smaller  size  than  the  present  one  to  take  the  sewage,  reserv- 
ing the  present  main  sewer  for  the  discharge  of  surface  and  ground 
water.  The  surface  water  which  would  naturally  flow  from  adjacent 
high  land  upon  the  filter  beds  should  also  be  collected  and  disposed 
of  in  such  a  way  that  it  will  not  tend  to  saturate  the  beds.  It  may 
be  feasible  to  turn  this  water  into  the  lower  portion  of  the  present 
main  sewer  below  the  point  where  the  sewage  will  be  diverted  from 
it  to  the  filter  beds. 

It  may  be  said,  with  regard  to  the  disposal  of  the  sewage  of  the 
town  by  intermittent  filtration,  that  it  is  not  probable  that  the 
results  will  be  satisfactory  unless  the  wastes  from  the  gas  works 
are  excluded  from  the  sewers,  or,  before  being  admitted,  are 
treated  in  such  a  way  as  to  make  them  inoffensive,  and  to  remove 
all  tarry  or  oily  substances  which  would  tend  to  clog  the  filter  bed. 

The  area  of  suitable  land  at  the  town  lot  and  the  lot  adjacent  to 
it  is  smaller  than  is  desirable,  considering  the  large  amount  of 
ground  water  which  finds  its  way  into  the  sewers,  and  the  increas- 
ing quantity  of  sewage  which  will  enter  the  sewers  as  they  are  ex- 
tended and  the  town  increases  in  population.  If  the  ground  water 
could  be  excluded  from  the  sewers,  the  area  would  be  sufficient 
until  the  population  of  the  town  is  considerably  larger  than  at 
present. 

In  view  of  the  somewhat  limited  area  of  land  available  at  and 
near  the  town  lot,  examinations  were  made  to  determine  whether 
additional  land  was  available,  and  a  tract  was  found,  lying  in  a 
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south-westerly  direction  from  the  town  lot,  between  the  Brookfield 
road  and  the  river,  just  beyond  the  cemetery,  which  appeared 
from  a  surface  examination  to  be  suitable  for  sewage  filtration. 
This  land  is  considerably  higher  than  the  river,  but  it  is  lower  than 
the  main  sewer  in  Main  Street,  a  short  distance  from  the  town 
lot,  and  the  sewage  could  be  conveyed  to  it  through  an  iron  pipe 
which  would  run  full  and  under  pressure.  The  lowest  point  in 
this  pipe  would  be  at  the  corner  of  Meadow  and  Main  streets, 
nearly  opposite  the  town  lot,  so  that  the  pipe  could  be  emptied 
frequently  upon  filter  beds  on  the  town  lot,  and  thus  kept  clean. 
This  tract  of  land  is  of  suitable  quality,  and  probably  other  land 
in  this  vicinity  could  be  made  available  for  ttie  disposal  of  sewage. 

While  the  town  lot  has  a  decided  advantage,  owing  to  its  pres- 
ent ownership  by  the  town  and  the  ease  with  which  sewage  can 
be  turned  upon  it,  it  will  obviously  be  quite  expensive  to  grade  it 
and  the  small  lot  south  of  it  so  that  the  whole  area  of  these  lots 
will  be  available  for  sewage  disposal,  and  unless  the  amount  of 
sewage  is  materially  diminished  by  the  exclusion  of  ground  water, 
it  will  be  necessary  to  provide  additional  filtering  area  before  long. 
It  is  therefore  recommended  that  the  town  lot  should  not  be  finally 
adopted  as  the  only  site  for  filter  beds  until  the  other  tract  of  land 
beyond  the  cemetery  has  been  more  carefully  investigated,  by 
digging  test  pits  to  ascertain  if  the  material  is  porous  and  suitable 
for  filtration  ;  and,  if  so,  whether  it  will  not  be  cheaper  to  prepare 
the  required  area  of  filter  beds  partly  at  the  town  lot  and  partly  at 
the  lot  beyond  the  cemetery ;  or,  if  not  cheaper,  whether  it  may 
not  be  desirable  to  control  this  second  lot  from  the  beginning,  so 
as  to  have  an  opportunity  to  extend  the  filter-beds  whenever  it 
becomes  necessary. 

When  you  have  the  results  of  further  surveys  and  estimates,  or 
more  definite  plans  of  sewage  disposal  to  submit,  the  Board  will 
advise  you  further  in  this  matter. 

The  Board  is  of  the  opinion  that  the  discharge  of  the  sewage 
directly  into  the  Seven  Mile  River  should  be  discontinued. 

Westborough.  The  committee  on  sewerage  of  the  town 
of  Westborough  presented  a  general  plan  for  the  sewage 
disposal  of  the  town,  Feb.  3,  1890,  which  the  Board  approved 
(Senate  Document  4,  1891,  page  18).  By  a  general  Act  of 
the  Legislature  of  1890,  chap.  124,  it  was  provided  that 
land  might  be  taken  for  sewage  disposal  with  the  approval  of 
the  State  Board  of  Health  after  a  public  hearing.  Under  the 
provisions  of  this  Act  the  selectmen  applied  to  the  Board 
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June  22,  1891.  A  hearing  was  held  July  7,  1891,  and  the 
location  submitted  by  the  town  was  approved  by  the  Board, 
July  8,  1891  (Senate  Document  4,  1892,  page  49). 

In  the  following  year,  April  16,  1892,  the  selectmen  of 
Westborough  presented  a  plan,  which,  after  due  consider- 
ation, the  Board  deemed  unsatisfactory  and  expressed  such 
opinion  in  a  communication  to  the  selectmen,  Nov.  3,  1892 
(Senate  Document  4,  1893,  page  6),  stating  the  conditions 
essential  to  success. 

The  selectmen  again  applied  to  the  Board,  Sept.  18,  1893, 
stating  that  the  advice  of  the  Board  had  not  been  carried  out, 
and  requesting  the  Board  to  "make  an  examination  of  the 
present  sewage-disposal  works  of  Westborough  and  advise 
the  town  further  in  the  matter  of  sewage  disposal."  The 
Board  replied  as  follows :  — 

Boston,  Oct.  26, 1893. 

In  compliance  with  this  request  the  Board  has  caused  an  exami- 
nation of  your  present  works  to  be  made  by  one  of  its  engineers. 
He  finds  that  you  have  prepared  filter-beds,  having  an  area  of  a 
little  more  than  two  acres,  by  filling  porous  sand  and  gravel  to  a 
depth  of  from  one  to  two  and  a  half  feet  upon  land  from  which 
the  greater  part  if  not  all  of  the  loam  had  been  removed.  From 
an  examination  by  means  of  test  pits  dug  at  various  points  in  the 
filter  beds,  he  finds  that  the  material  beneath  the  upper  porous 
layer  is  an  extremely  fine  sand  which  not  only  remains  saturated 
with  water,  but  also  keeps  the  porous  material  above  it  saturated 
for  weeks  after  the  discharge  of  sewage  upon  it  has  ceased.  These 
conditions  are  unsuitable  for  the  purification  of  sewage ;  and  a 
very  small  quantity  of  sewage  only  could  be  disposed  of  upon 
these  shallow  beds  if  they  were  underdrained. 

It  was  also  found  that  a  portion  of  the  sewage  was  disposed  of 
by  being  turned  into  a  gravel  pit,  near  the  carrier,  until  the  sewage 
stood  in  the  pit  to  a  depth  of  several  feet,  when  it  filtered  into  the 
ground  quite  rapidly,  and  the  water  reappeared  in  the  form  of  a 
spring,  a  short  distance  away,  clear  but  not  thoroughly  purified. 
It  is  highly  improbable  that  this  method  of  disposal  would  continue 
to  give  even  as  good  results  as  at  present  for  any  long  time  in  the 
future  if  any  large  proportion  of  the  sewage  should  be  turned  into 
this  pit.  The  rapidity  with  which  the  sewage  disappears  shows 
that  the  ground  is  porous  in  this  vicinity,  and  that  a  good  filter- 
bed  might  be  prepared  here  which  would  successfully  dispose  of  a 
portion  of  the  sewage. 

In  reply  to  a  previous  application  made  by  your  board,  the  State 
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Board  of  Health  sent  to  you  on  Nov.  3,  1892,  a  communication 
containing  its  advice  in  a  general  way  as  to  what  the  town  should 
do  to  properly  dispose  of  its  sewage.  This  advice,  which  the 
Board  has  no  reason  to  modify,  is  as  follows :  — 

The  Board  ....  advises  that  the  town  should  prepare  filter- 
beds  having  a  total  area  of  not  less  than  five  acres  for  the  disposal  of  its 
sewage.  These  beds  should  consist  of  sufficiently  porous  material  to 
properly  filter  the  sewage,  and  if  of  such  a  character  or  so  situated  that 
the  ground-water  level  will  not  remain  at  least  five  feet  below  the  sur- 
face of  the  beds,  they  should  be  efficiently  underdrained. 

The  most  economical  method  of  preparing  beds  such  as  are  here  de- 
scribed is  a  matter  which  requires  investigation.  If  a  portion  of  your 
land  can  be  found  where  there  are  two  or  three  feet  of  porous  material 
above  the  level  of  the  water  in  the  Assabet  River,  the  required  height  of 
filter-bed  can  be  obtained  by  filling  gravel  upon  this  portion  after  the 
loam  or  any  other  layer  of  very  fine  material  which  may  be  found  has 
been  stripped  from  it  If  such  land  as  is  here  described  cannot  be  found, 
it  may  then  be  necessary  to  prepare  beds  by  cutting  down  some  of  the 
higher  gravelly  land  to  the  proper  level,  and  filling  the  excavated 
material  upon  the  low  land,  both  the  excavated  and  filled  areas  being 
used  for  filtration.  The  character  of  the  material  lying  on  the  easterly 
side  of  a  narrow  swamp,  and  also  easterly  from  the  tract  belonging  to  the 
town,  appears  to  be  of  suitable  quality  for  the  construction  of  filter-beds 
by  the  last  described  method. 

The  Board  cannot  give  you  any  more  specific  advice  than  that 
above  given  as  to  what  should  be  done,  because  it  is  not  feasible 
from  such  examinations  as  are  made  by  its  engineers  to  obtain  the 
accurate  data  upon  which  such  advice  should  be  based  in  order  to 
avoid  wasteful  expenditures  and  unsatisfactory  results. 

What  you  should  therefore  do  is  to  employ  some  engineer  skilled 
in  this  class  of  work  to  make  plans  of  all  the  territory  which  may 
be  used  for  sewage  disposal,  showing  the  height  of  the  ground,  the 
level  of  the  water  in  the  ground  and  the  location  of  the  test  pits, 
which  should  be  sunk  at  frequent  intervals  and  to  a  sufficient 
depth  to  determine  accurately  the  character  of  the  material  at  dif- 
ferent places  with  reference  to  its  porosity.  He  should  also  deter- 
mine where  and  how  filter-beds  can  be  constructed  at  a  minimum 
cost,  which  will  at  least  meet  the  requirements  contained  in  the 
former  reply  of  the  Board. 

If  you  should  decide  to  make  such  investigations  the  Board  will 
direct  its  engineers  to  co-operate  with  your  engineer  in  the  matter 
of  determining  the  suitability  of  materials  obtained  from  test  pits 
for  filtering  sewage;  and  when  the  investigation  is  far  enough 
advanced  and  new  plans  are  presented  the  Board  will  advise  you 
farther  regarding  them. 
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Chemical  Examination  of  Water  from  Tubular  Teat  Weill  in  Acton. 
[Part*  par  100,000.) 


Odor,  none. The  maple*  wen  collected  from  tuba] 

appro. Ira.lely  u  follow.  :  So  14791,  HO  feet  BUI  of  the  law 
ebont  SSO  feel  notlh  of  Muucbaaetti  Avenue.  Ho  14TU.il 
■nd  &00  feet  north  of  UuuchutetU  Avenue.    No.  111M,  ebo 


teel  well!  Id  Acton,  which  we™  locate) 
no  between  Aston  and  Boiborough  aw 
I  MO  fuel  out  Of  Ibiuuii  boundary  lln 
it  feat  eaat  of  the  boundary/  Hna  and  M 
In  connection  with  an  Inveetlgallou  fo 


Microscopical  Examination. 


Chemical  Examination  of  Water  from  Fort  Pond,  Littleton,  and  Magog  Brook  and 
Magog  Pond,  Acton. 

[Parta  per  100 ,000.  J 


Odor,  none;  on  heating,  the  Brat  twn  lamp  lea  had  a  faintly  vegetable  odor. Th*  umplwwen 

collected  u  follow.  ;  So.  15784,  from  Fort  Pood,  about  30  feet  from  the  ehore  at  the  aoniherly  end;  Ho. 
1.1785,  from  Vagog  Brook,  about  to  feet  above  tb*  road  loading  from  Acton  Centn  to  North  Acton  and 
about  one  mile  below  Magog  Pond;  So.  15781,  from  If  agog  Pood,  near  the  road  at  the  euterly  end. 


Microscopical  Examination, 

ma  per  cable  centimeter  found  In  each  of  iho.e  umplea  wu  a*  fo 
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EXPLANATORY  NOTE. 

The  systematic  examination  of  the  water  supplies  of  the  State  was  begun 
June  1, 1887,  and  has  been  continued  up  to  the  present  time.  The  results  for 
the  years  previous  to  1893  have  been  published  in  four  reports,  as  follows: 
June  1,  1887,  to  May  31,  1889,  in  the  Special  Report  of  the  Board  upon  the 
Examination  of  Water  Supplies  (1890) ;  June  1, 1889,  to  Dec.  31, 1890,  in  the 
Twenty-second  Annual  Report  of  the  Board  for  the  year  1890 ;  for  the  years  1891 
and  1892,  in  the  Twenty-third  and  Twenty-fourth  Annual  Reports  of  the  Board 
for  those  years.  The  present  (Twenty-fifth  Annual)  report  contains  the  results 
for  the  year  1893. 

The  first  of  these  reports  contained  a  description  of  each  of  the  water  sup* 
plies  in  the  State  existing  at  the  date  of  that  report.  The  later  reports  have 
described  only  new  works  and  changes  in  existing  works. 

An  alphabetical  arrangement  by  towns  has  been  adopted  in  this,  as  in  previ- 
ous reports.  Sources  of  water  supply  arc  tabulated  under  the  name  of  the  town 
supplied,  other  waters  under  the  name  of  the  town  in  which  they  are  situated. 
The  analyses  of  water  from  the  larger  rivers  not  used  as  sources  of  water  supply 
are  given  in  a  subsequent  tabulation,  headed  "  Examination  of  Rivers." 

The  chemical  examinations  in  this  report  were  made  in  the  same  manner  as 
heretofore,  and  are  presented  in  the  tables  in  the  same  form  as  in  the  last  report, 
except  that  a  new  determination, "  Oxygen  Consumed,"  has  been  added.  This 
determination  has  been  made  for  all  waters  this  year,  and  appears  in  the  tables 
of  analyses  for  the  first  time.  Owing  to  the  space  occupied  by  the  column  of 
44  Oxygen  Consumed,"  the  "  date  of  examination  "  of  the  samples  has  been  omit- 
ted from  the  tables.  The  samples  are  usually  received  at  the  laboratory  from 
twenty-four  to  forty-eight  hours  after  collection. 

All  surface  water  and  such  samples  of  ground  water  as  contain  suspended 
matter  are  filtered  through  filter-paper  before  determining  the  color,  the  residue 
on  evaporation  and  the  albuminoid  ammonia  in  solution.  Some  ground  waters 
which  are  perfectly  clear  and  colorless  when  drawn  from  the  ground  become 
turbid  and  colored  on  standing,  in  consequence  of  the  oxidation  of  the  iron  which 
they  contain.  In  these  waters  the  residue  on  evaporation  is  determined  without 
filtration,  since  this  iron  is  an  essential  and  not  an  accidental  ingredient  in  the 
water.  In  the  changes  which  accompany  the  oxidation  of  the  iron  in  waters  of 
this  character,  they  become  first  cloudy  (well  described  by  the  word  milky)  and 
finally  deposit  a  precipitate  of  oxide  of  iron.  In  the  cloudy  condition  they  have 
a  distinct  color,  which,  while  it  does  not  have  the  same  significance  as  in  the 
case  of  surface  waters  and  is  only  a  passing  phenomenon,  is,  nevertheless,  of 
interest  as  showing  a  color  which  the  water  may  assume  while  the  oxidation  of 
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the  iron  is  in  progress.  When  the  iron  is  all  oxidized  and  precipitated  the  water 
may  become  colorless  again.  Explanatory  notes  will  be  given  for  waters  of 
this  kind  in  connection  with  the  tables  of  analyses. 

The  color  of  water  is  expressed  by  numbers  which  increase  with  the  amount 
of  color.  The  standard  used  is  nesslerized  ammonia,  as  described  on  page  531  of 
the  Special  Report  upon  the  Examination  of  Water  Supplies,  1890,  and  on  page 
329  of  the  Annual  Report  for  1993.  Boston  water,  as  drawn  from  a  tap  at  the 
Institute  of  Technology,  has  had  an  average  color  for  six  years  of  0.43.  Other 
water  supplies  in  the  State  have  had  an  average  color  of  from  0  to  1.45. 

In  cases  where  examinations  of  a  source  have  been  made  with  considerable 
regularity  for  several  years,  the  averages  of  the  results  of  the  chemical  analyses 
of  previous  years  are  appended  to  the  tables  of  analyses  for  1893. 

In  the  microscopical  examination  of  water  there  has  been  no  change  in  the 
method  employed  since  Nov.  6,  1890.  This  method  was  fully  described  in  the 
Twenty-third  Annual  Report  of  the  Board  for  the  year  1891  (pages  395-421). 
Before  Nov.  6, 1890,  the  methods  employed  were  less  perfect,  so  that  a  smaller 
proportion  of  the  total  number  of  organisms  present  in  the  water  was  separated 
from  it  and  observed  under  the  microscope;  and,  before  drawing  conclusions 
from  a  comparison  of  the  microscopical  examinations  of  waters  made  before  and 
after  this  date,  the  explanatory  note  on  page  70  of  the  Twenty-second  Annual 
Report  for  1890  should  be  read. 

To  indicate  the  amount  of  the  so-called  Zodgloea  observed,  the  number  of 
individual  masses  is  not  counted,  but  an  area  equal  to  2,500  square  microns,  or 
.0025  square  millimeters,  has  been  adopted  as  an  arbitrary  unit. 

In  publishing  the  results  of  the  microscopical  examinations  the  same  system 
is  followed  as  last  year.  The  plants  observed  are  classified  in  four  groups, 
viz. :  Diatoniacese,  Cyanophycese,  Algae  and  Fungi.  The  Animals  observed  are 
grouped  as  Rhizopoda,  Infusoria,  Vermes  and  Crustacea. 

The  names  of  the  different  genera  in  each  group  are  given  with  the  numbers 
of  each  per  cubic  centimeter,  except  that,  to  avoid  making  the  tables  excessively 
long,  they  are  omitted  when  present  only  in  very  small  numbers.  It  is  not 
feasible  to  make  with  regard  to  omissions  a  single  rule  which  will  apply  to  all 
cases,  because  it  is  desirable  to  include  smaller  numbers  of  animals  than  of 
plants,  and  of  the  larger  animals  than  of  animals  generally.  Moreover,  there 
are  exceptional  cases  in  which  it  is  desirable  to  indicate  the  presence  of  even 
very  small  numbers  of  the  more  important  plants  or  animals.  Two  general 
rules,  however,  have  been  adopted  in  printing  the  results,  namely :  — 

1.  All  genera  of  Plants  are  included  in  which  the  total  number  observed  in 
twelve  months  amounts  to  6  or  more  per  cubic  centimeter,  or  in  other  words 
averages  as  much  as  0.5  per  month. 

2.  All  genera  of  Animals  are  included  in  which  the  total  number  observed 
in  12  months  amounts  to  1.5  or  more  per  cubic  centimeter. 

The  larger  microscopic  animals,  such  as  some  of  the  Crustacea,  are  included, 
even  when  present  only  in  very  small  numbers. 

Fractions  are  generally  omitted  from  the  table,  the  nearest  whole  number  of 
organisms  per  cubic  centimeter  being  given.  Where  the  total  number  of  organ- 
isms observed  is  0.5  or  less,  the  fact  that  the  organism  was  present  is  usually 
indicated  by  the  abbreviation  "  pr."  but  in  the  case  of  the  larger  organisms  very 
small  fractions  are  given. 
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Water  Supply  op  Abington  and  Rockland. 
Chemical  Examination  of  Water  front  Big  Sandy  Pond,  Pembroke. 

[P»rup*r  100,000.] 


94  STATE  BOARD  OF  HEALTH.         [Pab.  Doc. 

ABINGTON  AND 

Microscopical  Water  from  Big  Sandy  Pond,  Pembroke. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  95 

AMESBTJBY, 

Watee  Supply  of  Ahesbubt.  —  Powow  Hill  Water  Company. 
Chemical  Examination  of  Water  from  the  Work*  of  the  Potoow  HiU  Water  Company, 


Odor.  dona. The  lint  uupli  wm  colletted  from  bula  Mo.  1.  whlah  li  (applied  iiblolly  through 

ibalir  well),  «nd  ti  lh«  nonruo  from  which  umplu  bin  bwn  eolleetad  In  pnvloae  yew*.    The  lut 
implo  iu  collected  from  buln  No.  3,  m  lapplemeaUry  bula  near  No.  1. 

Microscopical  Examination. 


Water  Supply  op  Andoveb. 
Chemical  Examination  of  Waterfront  Haggett't  Pond,  Andover. 
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anhovkb. 

Microscopical  Examination  of  Water  from  HaggeWs  Pond,  Andover. 

[Nnmber  of  oiiuiImu  p*r  «nUc  MiiiimiUr.] 


N  1 

: 


Water  Supply  of  Arlington. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Arling- 
ton relative  to  obtaining  an  additional  water  supply  for  the  town 
and  improving  the  quality  of  the  present  supply  may  be  found  on 
pages  9-12  of  this  volume.  For  analyses  of  samples  of  water  from 
the  wells  mentioned  in  the  reply  to  the  town  see  the  twenty-fourth 
annual  report  for  1892,  pages  81-82.  Additional  analyses  of  water 
from  these  wells  were  made  in  1893,  and  are  given  in  this  report  on 
page  97. 
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ARLINGTON. 

Chemical  Examination  of  Water  from  the  Brook  just  above  the  Storage  Reservoir 
of  the  Arlington  Water  Works. 

[Put*  per  100,000] 


Iron,  .0110.     Odor,  vegetable  or 


i  becoming  ■■ranger  on  betting. Water  from 

reeervolr  mud  ki  thencs  lupplled  directly  m  the  u 

neeeeemry  to  draw  water  from  Ibe  reaerrolr  except  at  llmeo  when  the  aupply  from 

er-gallery  (Omblned  I*  InmfBciont  for  the  BH  of  Ibe  town. 

Microscopical  Examination. 

mm  tier  of  orfwlami,  177.    The  arcitent  number  la  any  (ample  tu  734  In  March,  eon 
tlreljr  of  Ortnathrix  and  Zotglaa. 


Chemical  Examination  of  Water  from  Tubular  Test  Wells  at  East  Lexington. 

[Perta  per  100,000.] 
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Odor  of  the  flret  aample,  none]  of  the  aeooDd,  none,  bt 

leal,  very  faintly  vegetable,  disappearing  on  heating. Tl 

teit  from  the  earn*  tnbular  weila  that  were  tented  lait  year.  The  teat  wi 
pumping  *aa  continued  at  an  average  rata  of  3U  gallona  per  minute  from) 
aample  waa  collected.    The  third  aample  waa  collected  while  pomplng  froi 

Microscopical  Examination. 

Wo.  lleM,  do  orgaulami.    No.llB33,Fongl,  O-enoCAHz.SO.   ICiacetuuH 
So.  HUM,  Fnngl,  CWnoUrte,  04.     Mincellanaom,  Zotglaa,  8.    Total,  IS. 


illy  vegetable  on  heating;  of  the 


n,  Stotg-laa,  80.     Total,  ll II. 
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ASHBllStTHAH. 

ASHBUHNHAH. 

Chemical  Examination  of  Water  from  Upper  Naukeag  Pond,  Ashburnham. 

[Parta  par  100,000.] 


Microscopical  Examination  of  Water  from  Upper  Naukeag  Pond,  Anhburnham. 

[Number  of  orgnnliDil  per  01 
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ASHBT7RNHAM. 

Microscopical  Examination  of  Water  from  Upper  Naukeag  Pond>  Ashburnham, 

—  Concluded. 


[Number  of  organisms  per  cable  centimeter.] 

• 

1893. 

March. 

April. 

August 

ANIMALS. 
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Water  Supply  of  Attleborough. 

In  April,  1892,  the  town  of  Attleborough  introduced  water  from  a 
new  source  and  abandoned  its  former  source  of  supply  near  the  Ten 
Mile  River,  in  the  thickly  settled  portion  of  the  village. 

The  new  source  of  supply  is  a  large  well  about  one  hundred  and 
fifty  feet  from  Seven  Mile  River,  just  above  Orr's  Pond,  —  a  mill 
pond  at  the  confluence  of  Seven  Mile  River  and  Four  Mile  Brook. 
The  well  is  thirty  feet  in  diameter  at  the  top  and  twenty-five  feet 
deep.  For  the  first  five  feet  the  material  removed  was  a  coarse 
compact  gravel  of  a  reddish  tint.  Beneath  this  was  a  stratum  from 
two  to  six  inches  in  thickness  consisting  of  particles  of  coarse  sand 
closely  cemented  together,  and  having  a  color  somewhat  resembling 
iron  rust.  Below  this  stratum  to  the  bottom  of  the  well,  twenty- 
five  feet  beneath  the  surface,  the  material  was  a  coarse  sandy  gravel 
in  which  no  quicksand  or  very  fine  sand  was  found,  and  no  stones 
of  a  greater  diameter  than  eight  inches.  At  the  bottom  of  the  well 
the  material  was  very  coarse. 

A  tubular  well  one  and  one-fourth  inches  in  diameter  was  driven 
to  a  farther  depth  of  twenty-five  feet  below  the  bottom  of  the  well, 
without  striking  rock. 

The  walls  of  the  well  are  of  stone  for  a  height  of  ten  feet  above 
the  bottom,  the  first  eight  feet  being  laid  without  mortar.  Above 
the  stone  work  the  walls  are  of  brick  masonry  sixteen  inches  in 
thickness  for  a  height  of  eight  feet  and  twelve  inches  in  thickness 
for  the  remaining  ten  feet,  bringing  the  top  of  the  wall  about,  \tare& 
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feet  above  the  surface  of  the  ground.  Light  ia  excluded  from  the 
well  by  a  wooden  roof.  A  direct  connection  baa  been  made  with 
Orr's  Pond  for  use  in  eases  of  emergency.  Water  is  pumped  from 
the  well  to  the  distributing  system  and  to  a  covered  iron  tank. 

Daring  construction  this  well  is  said  to  have  yielded  water  very 
freely. 

Chemical  Examination  of  Water  from  the  Well  of the  AUUborough  Water  Works. 
[Parti  per  100,000.] 


Odor,  none—The. 


Microscopical  Examination. 


Water  Supply  op  Atee. 


Chemical  Examination 

of  Water  fn. 

m  the  Ayer 

Water  Works. 

[Parti  per  100,000.] 
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Odor,  none. The  Dnt  eatnple  wn  collected  from  the  wet]  need  ■>  n  eonree  ol  tupply  for  the 

town;  the  laeteample,  (torn  a  faucat  In  [ha  Tillage,  tod  mij  ha>e  cootltted  wholly  or  In  part  of  water 
which  bed  patted  through  the  open  distribution  reeeirolr. 


Microscopical  Examination. 

So.  10*83.     htiKelloOout,  Z*,tqlaa,  S. 

Ho.  lOTee.    DUtomaoea,  OydaUUa,  4.    Alga,  Semianut,  1.    Fungi,  (XnoMrix,  1.    Total,  T. 
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BELMONT. 

Watee  Supply  op  Belmont. 

(See  Walertown.) 

Chemical  Examination  of  Water  from  Clematis  Brook  in  Belmont. 

[Put*  per  100,000.1 


Iron,  .0130.    Odor,  nono ;  becoming  vegetable  on  Handing  or  heating. Tin  .ample  «•  eollaetad 

from  the  brook  at  the  point  where  It  flowa  Irani  a  amall  mill  pond  known  u  Eendall'e  pond.  The  brook 
forma  the  boundary  In  thla  vicinity  between  Belmont  and  Waltham  and  la  not  Hand  aa  a  aonroe  of  water 
anpply. 

Microscopical  Examination. 

Dlalomaoea,  JftrMfon,  1 ;  Static*  la,  1;  StriattUa.S.    tUaetlUOMda,  ZoSglan.S.    Total,  B. 

Watee  Supply  of  Beveelt. 
(See  Salem.) 

Blackstone. 

Chemical  Examination  of  Water  from  Emerson  and  Ironstone  Brooks  and  the 
Upper  Ironstone  Sesercoir,  in  Uxbridge,  a?id  from  Angelica  Brook  in  Black- 

[ParU  per  100,000.) 


Emereon  Brook  at  the  ■>■  rolll  dam  In  Oxbridge  about  half  a  mile  above  the  point  w 
craaaadbvUxNaw  York  and  New  England  Bailroad.  No,  1I.MI,  from  An«*llea  Brc 
point  where  It  la  eroaaed  by  the  New  York  and  New  England  Bailroad ;  ibli  brook 
which  enter,  the  Blaokitone  BlTar  from  [he  lontn  jail  below  the  village  of  Mlllville  In 

ll,a4S  from  the  upper  Ironatone  Haeamrir  In  the  vicinity  of  the  boundary  line  belwi 
and  Rhode  111  and.    The  aampbu  ware  oollaetad  during  an  investigation  for  a  wal 


Microscopical  Examination. 

it  orgaalam*  per  enble  sent!  meter  found  In  nab  aampla  waa  aa  followi :  No.  11.M0, 
'•     1;  No.  11.M8,  16. 
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Water  Supply  op  Boston. 

The  principal  change  in  the  conditions  affecting  the  character  of 
the  Boston  water  supply  during  1893,  is  the  filtration  of  the  water 
of  Pegan  Brook  through  carefully  prepared  filter-beds  of  large  area 
before  it  is  discharged  into  Lake  Cochituate.  This  brook  drains  the 
central  portion  of  the  town  of  Natick,  which  has  no  sewerage  system. 

The  extension  and  increased  use  of  the  sewerage  systems  in 
Framingham,  Marlborough  and  Westbo rough,  has  caused  a  still 
greater  proportion  of  the  sewage  of  these  towns  to  be  removed  from 
the  watershed  of  the  Sudbury  River  than  was  the  case  last  year. 

The  works  of  the  Jamaica  Pond  Aqueduct  Company  were  pur- 
chased by  the  city  of  Boston  at  the  end  of  1892,  and  the  supply 
from  this  source  has  been  permanently  discontinued. 

Sudhury  River  Supply. —  Chemical  Examination  of  Water  from  Cold  Spring- 
Brook,  at  Head  of  Reservoir  No.  4,  Ashland. 

[PwW  per  100,000.] 


Average*  of  Analyses  of  Previous  Years 
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NOTE  to  analyses  I 
from  lb*  brook  ai  In  en 


•  June  to  December. 
.;  Iron,  .0139.    Odor,  diitlnetly  vegetable. - 


Microscopical  Examination. 

ATenge  number  of  organisms  In  1803,  S3  per  < 
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BOSTON. 

Sudblby  River  Suftlt.— Chemical  Examination  of  Water  from    Reservoir 
No.  4,  Ashland. 

[Pun  per  im.ooo.] 


Averages  of  Analyses  of  Previous  Tears. 


•  Judo  to  December. 

NOTXtoanalyeeaof  IMS;  Iron..  0)18.    Odor  generally  faintly  vegetable, « 
tbe  odor  It  generally  eomewhal  otronger,  but  rarely  nnpleaaanl.    Tb«  eamplee  were  oolleoted  from  tin 
raaenolr  near  tbe  gate-boneeone  (oolbeoeeUi  thaaurfeoe. Tbe  turf  ice  of  the  water  in  thle  reeervolr 

tally  to  high  water  mark,  el  which  point  It  remained  null]  Angnat.  On  September  Bret  the  water  had 
been  drawn  down  14  feet  below  high  water  mark  and  dnring  the  remainder  of  the  year  on  data*  when 
•ampin  of  water  were  collected  for  analyele  the  reeervolr  never  contained  more  than  Q  feet  of  water 
and  at  the  Brat  of  December  wae  empty.    For  monthly  reoord  of  height  of  water  In  thin  reeervolr  ice 
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Sudbury  Rites  Supply.  —  Microscopical  Examination  of  Water  from  Reservoir 
No.  4,  Ashland. 

[Number  at  orgulimi  per  cubic  centimeter.] 


II  M 


Sudbury  River  Supply.  —  Chemical  Examination  of  Water  from  Reservoir 
No.  4,  Ashland,  collected  near  the  bottom. 

[F»r»  per  100,000.] 


Iron,  .0110.    Odor,  vegetable,  beoomtag  flipwiMl  on  healing. The  eumplee 

■•  "" --' "-■■  ' «■.-.... ».  _ _. m  jousted  tl 


.•  boUom.    Onihe  ditmrimi  the 

only  ibool  hhlt  fall. 


Microscopical  Examination. 

Ho.  10,011.    Wiiooikhb,  CycloMla,  6;  Syntdro,  2.    UluwllMMni,  Zeaglan,  If,.    Total,  SB. 
Ho.  10*0*.    DIuouuhi,  dychttUa,  B3;  Byntdra,  6;  Tabillaria.l.    Algm,  BapMditm.  ».   Fungi, 
ftwttrtj,  I-     KUtopodtt,  ^cKfwpAfy.,  1.     VtrmM.    4»i™,  1;    ftijwl*™,  1.     «<—""--"• 
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BOSTON. 

Sudbury  River  Supplt.—  Chemical  Examination  of  Water  from  Sudbury  River 
at  the  Upper  End  of  Reservoir  No.  2,  Ashland. 

[Part*  per  100,000.] 


Averages  of  Analyses  of  Previous  Tears. 


Non  to  analyaea  of  ISM,  Iron.  .DIM.    Odor,  ^enm  illy  vegetable,  occasionally  mouldy  or  unplcaaant, 

looming  aoniewhril  wronger  od  hotting. The  aamplai  ware  aollaoted  from  the  tlver  near  the  old  dam 

tha  upper  and  ol  Reaervoir  No.  1,  at  a  depth  of  one  toot  beneelb  Iba  •orfaea. 

Microscopical  Examination. 

Avoriga  number  of  organlami  In  1863,  1ST  per  cuhic  centimeter.    The  graateit  numbera  foood 
era  M  Id  January,  eoniletlng  eblefly  of  Zoiiglcaa  and  Dlalomaceie,  and  SB2  In  November,  chiefly 
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BOSTON. 

Sudbury  River  Supply.  —  Chemical  Examination  of    Water  from  Reservoir 
No.  2,  Framingham. 

[PUU  per  IOC ,000.] 


Averages  of  Analyses  of  Previous  Years. 


o  analyse*  of  ISM;  Iron.  .0138.    Odor, generallr  dfetlDMIf  ragatabla, oceaaloDaily 

wmswhit  itrODgsr  on  boxing. Tic  umpla  wan  collected  from  U»  re*err< 

.  al  ■  daplb  of  eight  feet  beneaih  the  aurfa.ee.    For  monlbly  record  of  height  of  w 
3e  labia  al  and  of  Boaton  analyaea. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  107 

BOSTON. 

Sudbury  Biter  SurPLT.  —  Microscopical   Examination  of  Water  from  Eeter- 
voir  No.  2,  Framingham. 
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BOSTON. 

Sudbukt  RlTKB  Sufplt. —  Chemical  Examination  of  WaUr  from  Walker's  Brook 
Marlborough. 
(Part*  par  100,000.) 


Iron,  .0318.    Odor,  feDeraJly  di.tlnnly  mouldy  or  mnety,  oceaalonally  offenilve.    On  beating,  tbe 

odor  bmocoM  lomawhei  HroBger. The  eamplea  were  collected  from  the  brook  al  tbe  Bral  road 

bridge  balaw  Maple  Siren,  abont  a  mlla  eooth  of  tbe  ceetro  ol  the  city  of  kUrlboroogb. 

ThlaeerlH  of  analyeea  la  being  mada  In  order  to  dMnorini  lo  what  extnt  the  pollution  of  tip  brook 
will  be  dimlniehed  by  tbe  Introdoctlon  of  a  eewerage  ayitem  Into  the  city  of  Marlborongh.  Tbe  .yitcra 
waa  pnl  In  operation  In  tbe  latter  part  of  1901. 
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BOSTON. 

Scdburt  River  Supply.—  Chemical  Examination  of  Waterfront  Stony  Brook, 
at  Upper  End  of  Reservoir  No.  3,  SoutKborough. 

[Part*  per  100,000.] 


Averages  of  Analyses  of  Previous  Tears. 


Kcm  to  •dmIj'ki  of  1880;  Iron,  .0111.    Odor,  generally  dlatlnetly  wjelable,  frtqonUr  mo 

anpleaMDt;  OD  heeling,  tba  odor  It  itronger  ud  frequently  graaay. Tha  umplM  worn  » 

from  the  brook  about  00  feat  below  tba  Hnt  road  above  Reeervoir  No.  S,  at  a  depth  ot  one  foot  1 

Microscopical  Examination. 

Ararafe  number  of  offaalanM  Id  IJW,  1M  par  en  bis  centimeter.    Id  September,  when  the  or| 
vara  moil  abundant,  001  were  found,  nearly  all  of  which  were  Q 
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BOSTON. 

Sudbdrt  River  Supply. —  Chemical  Examination  of  Water  from  Reservoir 


Average  of  Analyses  of  Previous  Fears. 


Son  to  aoalyaee  of  1803;  Iron,  .0173.    Odor,  generally  dWIaatly  xagetabla.    On  healing  ih 

•irongor  and  frequently  no  plenum  or  dleafTeeable. Tbe  aampka  *ore  collected  from  the 

near  the  gaiehonM  at  a  daplb  of  eight  fat  banealh  ibe  aurface.    Fur  monthly  record  of  height 
In  thia  reeenolr  ecu  table  at  end  of  Boiton  analjrae*. 
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BOSTON. 

Sudbury  River  Supply.  —  Microscopical  Examination  of  Water  from  Baervoir 
Ifo.  3,  Framingham. 

[Number  of  orgulm*  per  cubic  oenilmetcr.] 


:     i 
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BOSTON. 

Subbuuy  River  Scfplt.  —  Chemical  Examination  of  Water  from  Reservoir  Ik. 
6,  Ashland,  collected  near  the  Bottom. 


•  April  to  Decambtr. 


it  or  IBM:  Odor, gtuenlly  dli 
ram  lha  ivsarvulr  Dili  the  dia 
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BOSTON. 

Cochituate  Supply. — Microscopical  Examination  of  Water  from  Lake  Oochit' 
uaie,  in  Wayland. 

[Number  of  OffUllMa*  per  cublo  cenUmotor.] 
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BOSTON. 

SuDBi'itY  Riveh  ScrrLT.  —  Chemical  Examination  of  WnUr  from  Cold  Spring 
Brook,  at  Bead  of  Reservoir  No.  4,  Ashland. 


Averages  by  Tears. 
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.0008 
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mi 
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.0090 

0001 

i>  to  Doogmbtr- 


i  collected  from  the  brook  M  It* 


Microscopical  Examination. 

Th*  ivorage  number  of  orgioliau  per  cubic  cenllmelor  found  Id  them  iimplM  tu  M. 
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BOSTON. 

Cochitcate  Works.— Microscopical  Examination  of  Water  from  a  Faucet  at 
the  Massachusetts  institute  of  Technology,  Boston. 

[Number  of  orfautimi  per  i 
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BOSTON. 

Mystic  Supply.  —  Chemical  Examination  of  Water  from  Mystic  Lake. 

[Prnrt*  par  100,000.] 


of  Analyses  of  Previous  Tears. 


•  Jane  to  December. 

Nor*  to  analywn  of  1803;  Iron,  .0040.    Odor,  genarallr  vagstubl*  ud  monldf  or  dlugmc.ble.- 
Tha'HmplH  ware  oolloctad  from  the  laka  near  tha  gute-houis.    For  monOilj  raoord  of  height  of  w 
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BOSTON. 

Mystic  Supply. — Microscopical  Examination  of  Water  from  Myttir.  Lake. 

[Number  of  orfuleme  per  anblo  centimeter.] 
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BOSTON. 

Mystic  Supply.  —  Chemical  Examination  of  Water  from  Mystic  Lake,  at  Variant 
Depths. 

[Paid  per  100,000.] 


Iron,  in  the  first  sample,  .00§0;  tu  tbe  second,  aone ;  In  the  third,  .0030;  loth*  last,  .OIT0. 

Odor  of  tha  drat  •tropin,  faintly  disagreeable,  becoming  stronger  on  hunting;  of  Ik*  nut  li 

■  umplei,  Tory  feint  or  bod*  >  of  the  lut  simple,  offensive. Tha  Ural  ample  waj  collected  el  Uie  it 

fare,  and  the  otheri  to  order  It  depths  of  30,  M  and  74  feel  respectively  beneath  (he  torfaee. 


Mystic;  Supply.— Microscopical  Examination  of  Waler  from  Mystic  Lake,  at 
Various  Depths. 
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BOSTON. 


Mystic    Sufplt.- 


■  Chemical  Examination  of  Water  from  a  Faucet  i 
supplied  from  the  Mystic  Works. 

[PnrU  per  100,000.] 


Iron,  .0100.    Odor,  offenatie.— 


•neoui,  Zadglaa,  20*.    Total,  334. 


-The  lampla  w  collected  from  ■  faucet  Id  Everett. 

Microscopical  Examination. 

18;  ftynidra,  1.    Fangl,  Fungus,  6.    Infuiorta,   Vortictlli,  1. 


Taiie  showing  the  Average  Monthly  Heights  in  Feet  above  Tide-marsh  level  of  the 
Water  in  the  Lakes  and  Storage  Reservoirs  of  the  Boston  Water  Works,  from 
which  Samples  of  Water  were  collected  during  the  Tear  1893. 


Mo.  3. 

Flath  Board). 

107.13 

No.!. 
TjVm  ' 

No.  4- 

Hlih  Water. 

Late 

CixJillaat« 

H*u4jle™* 

Uyttle  Late. 
RUjb  Water, 

January 

162.06 

ISO .43 

106.7* 

14l.lt 

12S.S8 

4.64 

February, 

m 

IT 

112. 40 

aoi.06 

149.08 

118.71 

4. » 

Much,       . 

166 

03 

174.11 

110.H 

US.  00 

HI.  66 

4.48 

April, 

160 

20 

ITS  .00 

214.69 

141.41 

114.  OS 

0.12 

May. .     - 

1M 

43 

lit.u 

114.  M 

141.76 

134.41 

6.37 

Jul, 

ioa 

BB 

174.70 

116.16 

140.81 

133.68 

6.41 

July. .       . 

1*2 

Oil 

171.04 

116.  OS 

148.00 

182.49 

4.61 

ADfDM,       . 

101 

W 

167.61 

208.63 

148.66 

111  .11 

1.64 

September, 

101 

H 

167 .76 

190.80 

148.42 

120.60 

1.80 

October,    . 

1H 

M 

161.10 

180.38 

118.27 

118.14 

-0.18 

Notnmhnr, 

I6T 

48 

158.09 

171.70 

141.37 

118.06 

—0.10 

December, 

ISO 

M 

loi  -oo 

171.17 

146.  «a 

117. 6T 

1.10 

Id  December  a 
Horembtr  eon 

olre 

pre 

so  Su 
tdll 

02,00 
UceLly 

bnryR 
,600,000 

empty 

Term 

e»  drawn 
lining  only 

o  an  nnmaa 
1,000.000  gal 

in  total  cap 
(■  total  cap 
one,  equal  u 

In  1603.    Re 
city ;  Reeer 

MrrolrATo.l 

voir  No.  6  In 
olr  Ho.  4  In 
ne  per  cent. 

108  STATE  BOARD  OF  HEALTH.         [Pub.  Doo. 

BOSTON. 

Sudbury  River  Supply.  —  Microscopical  Examination  of  Water  from  Seier- 
voir  No.  2,  Framingham. 

[Number  of  orguiluiu  par  sable  centimeter.] 


I 


.    "  " 
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BRADFORD. 

to  the  water  are  at  firet  so  very  fine  that  they  communicate  to  the 
water  a  milky  appearance  which  cannot  be  removed  by  filtration, 
and  the  effect  of  it  is  to  make  the  water  appear  colored  as  if  from 
dissolved  coloring  matter.  When  the  oxidation  of  the  iron  is  com- 
plete, a  rusty  precipitate  usually  forma  and  the  supernatant  or 
filtered  water  b  again  clear  and  colorless.  Any  record  of  turbidity, 
sediment  or  color,  while  the  oxidation  of  the  iron  is  in  progress, 
relates,  therefore,  to  a  passing  phenomenon,  but  is  nevertheless  of 
interest  as  showing  a  condition  which  the  water  may  assume  ;  these 
records  cannot,  however,  be  considered  as  indicating  the  compara- 
tive character  of  the  water  from  month  to  month,  because  they 
depend  so  largely  upon  the  extent  of  the  oxidation  of  the  iron  at 
the  time  they  were  made.  The  presence  of  iron  affects  the  deter- 
mination of  the  "oxygen  consumed,"  and  the  results  of  this 
determination  as  given  in  the  tables  are  in  consequence  all  a  little 
higher  than  they  would  otherwise  be.  A  progressive  deterioration- 
of  this  water,  as  compared  with  previous  years,  will  be  noted.  The 
organic  matter,  as  shown  by  the  albuminoid  ammonia,  and  the 
product  of  its  decomposition,  as  shown  by  the  free  ammonia,  are 
decidedly  on  the  increase. 

Microscopical  Examination  of  Water  from  the  Wells  of  the    Bradford    Water 
Company. 

[Xnniber  of  urganlaiDi  par  sable  oenll  meter.  | 
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buaintree. 

Water  Supply  of  Braintree. 

Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Braintree  Water 
Worka. 

[Part*  per  100,000.] 


Averages  of  Analyses  of  Previous  Years. 
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1SBJ-SS* 
INI 

... 

7.1. 1  .tm 

-•' 

■«"» 

Note  to  mialyaea  of  1983;  Odor,  of   No,  10102,  faintly  vegetable;  of  Ihe  other*, 

log  •  Tory  faintly  vegetable  odor  wmi  developed  Id  No.  loa&I. The  umplea  wan 

■  faucet  it  the  pumping  nation. 

Microscopical  Examination 


firm,  and  one  In  tbe  but;  Xoi 
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BBAINTRBE. 

Chemical  Examination  of  Waterfront  Little  Pond,  Braintrce. 

[P«up«  ioo.o«.] 


Iron,  .0046.    Odor,  Mall;  TsgaUbl*,  becoming  wronger  In  the  l»t  two  umpln  ou  hailing. Th»- 

aunplea  wen  collected  from  the  pood  dhi  the  flltor-gsllory  of  the  Brwintrae  water  wurki,  which  li  iltq. 
atsd  on  the  abore  of  the  pond.  Il  la  aald  that  op  to  the  and  of  1895,  do  water  had  bean  drawn  directly 
from  the  pond  far  the  lapplv  of  the  town. 


Microscopical  Examination. 

r  cabin  c 
Angut, 


Water  Supply  of  Bridgewater  and  East  Bridgewater.  — 
The  Bridgewaters  Water  Co. 
In  1892,  the  works  of  this  company  for  collecting  ground  water 
were  again  enlarged  by  sinking  five  additional  six-inch  tubular  wells 
in  the  low  ground  between  the  present  works  and  the  river.  The 
new  wells  are  located  in  a  line  parallel  to  the  river,  and  are  said  to 
range  from  100  to  160  feet  in  depth.  Water  is  pumped  from  these 
wells  by  means  of  an  auxiliary  pump  into  one  of  the  large  wells  near 
the  pumping  station. 
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BKIDOEWATEB  AND  EAST  BKTOGEWATER. 

Chemical  Examination  of  Water  from  the   Well*  of  (he   Bridgtwateri   Water 

Company. 

[Ptttipm  100,000.] 


Averages  of  Analyses  of  Previous  Years. 

1           I1 
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ineet  u  lbs  pom  ping 


Microscopical  Examination  Of  Water  from  the  Wells  of  the  Bridgewaters   Water 
Company. 
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BRIDGEWATEK  AND  EAST  BBIDGBWATBB, 

Chemical  Examination  of  Water  from  the  Town  River  at  Bridgewater,  opposite  the 
Weils  of  the  Bridgewaters  Water  Company. 

[Fun.  per  100,000.] 


tinctly  VBRoUbU,  bono  ml 


Microscopical  Examination. 


Id  Jnn«,  1M;  In  July,  1M;  In  Aopjtt,  2,«I;  In  So  pi  ember,  83.    Tho  uurabem  conil.twl  «lmg.l  wholly 
of  Ortnotlirii  »nd  Zoiglaa. 


Watbb  Supply  of  Bbockton. 

Chemical  Examination  of  Water  from  Salisbury  Brook  at  the  Point  where  it  enters 
the  Storage  Reservoir  of  the  Brockton  Water  Work*. 

[P.rt.  per  100,000.] 


.     Odur,  dlMJnctly  TogoUhlo. The  uupltl  wore  col lacted  from  tho  brook  jmE  nborg 

Microscopical  Examination. 
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Chemical  Examination  of Water  from  Salisbury  Brook  Storage  Eeservoir,'  Brockton. 

[Part*  par  100,000.] 


Averages  of  Analyses  of  Previous  Years. 
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Aeration. 
Provision  was  made  in  the  year  1891  for  aerating  the  water 
supplied  to  the  city  of  Brockton  by  forcing  air  into  it  through  a 
system  of  perforated  pipes  laid  near  the  bottom  of  the  iron  tank,  as 
described  in  the  Annual  Report  of  this  Board  for  18 92,  page  110. 
The  tank  is  62  feet  in  diameter  and  59  feet  4  inches  in  height,  and  is 
open  at  the  top.  In  the  following  table  is  given  a  comparison  of 
analyses  of  samples  of  water  collected  as  it  comes  from  the  reservoir 
and  after  aeration  iu  the  tank. 
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BOSTON. 

Cochituate  Works.  —  Microscopical  Examination  of  Water  from  a  Faucet  st 
the  Massachusetts  Institute  of  Technology,  Boston. 


3  H 
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Table  showing  Height  of  Water  in  Salisbury  Brook  Storage  Reservoir,  Brockton, 
on  Dates  when  Samples  of  Water  were  collected  for  Analysis. 


Note. 

-  Htgh-waMr  nark  I*  14.20  feet. 

DiTE.-lSM. 

•OS." 

»„..-,„,. 

Heitfit  of 

JlO       • 

Faat. 

Jnlj-  1! 

Aog.  ■ 

Bepi.  «, 

(Jot.  T 

Dm.   ft 

Feet. 

12.87 

AprllB 

11  H 

Mm    9 

,. 

11.75 

Chemical  Examination  of  Water  from  an  Underdrain  beneath  the  Main  Sewer  at 
Brockton. 


Tho  Hwenit  ajitem  of  the  City  of  Brockton  had  nt 
■collected  «nd  no  Mirage  bid  been  admitted  to  tin  mm 
character  of  the  groond  nut  of  tfc*  region  through  *bk 


Microscopical  Examination. 

tx.lVM.    UI*cell>Deoui,  Zotglaa,  320.    Total.  MM. 
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Water  Supply  op  Brookfield. 
Chemical  Examination  of  Water  from  the  Brookfield  Water  Works. 

[Puti  per  100,000.] 


Odor,  none;  becoming  falnllj  Tegetable  on  hatting.  The  eempla  wa*  oollttted  from  a  hydrant. 
ha  eonreo  of  eopply  la  a  atorafa  reaamdr  located  npon  a  email  brook.  Thi.  la  not  a  npneentailT* 
unple  of  the  aim  a*  It  entera  the  pipe*  from  the  reeorvolr. 

Microscopical  Examination. 

Dlalanu«m,  CyclotiUa,  S.  Cymnophyceio,  Mtrimope&ia,  S.  Ali*,  dotttrium,  1 ;  Prolococnu,  4; 
(anruifnira,  1.     Fnugl,  Crm (.(Aril,  SI.     Vormea,  Roti/tr,  1.     UuuellaneOtia,  ZeOpEoX),  412.    Total,  SOS. 


Water  Supply  of  Brookline. 
Ad  important  addition  was  made  to  the  Brookline  Water  Works 
in  1893  by  the  completion  of  a  covered  distributing  reservoir,  which 
resembles  in  its  general  design  the  covered  reservoir  constructed  by 
the  city  of  Newton  in  1890  and  described  in  the  twenty-third  annual 
report  of  this  Board  for  1891,  page  185.  The  new  reservoir  is  a  rect- 
angular chamber  ninety-three  feet  four  inches  long,  ninety-one  feet 
four  inches  wide  and  nineteen  and  one-half  feet  deep.  The  walls  are 
of  rubble  masonry,  coated  on  the  inside  with  a  layer  of  Portland 
cement  mortar,  one-half  an  inch  in  thickness.  The  covering  con- 
sists of  four-inch  brick  arches,  supported  on  lines  of  brick  piers 
connected  by  brick  lintel  arches,  the  outer  edges  bearing  on  the 
surrounding  walls.  The  piers  are  twenty-four  inches  square  and 
twelve  and  one-half  feet  apart  on  centers.  The  bottom  of  the 
reservoir  is  formed  of  a  layer  of  clay  puddle  two  inches  in  thick- 
ness, over  which  is  a  layer  of  cement  concrete  four  inches  in  thick- 
ness. The  arches  are  covered  with  Portland  cement  concrete  to  a 
level  four  inches  above  their  crown,  and  over  all  is  a  layer  of  loam 
eighteen  inches  in  thickness.  Tile  drains  four  inches  in  diameter 
are  laid  beneath  the  loam  in  grooves  in  the  concrete  to  carry  off  the 
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surplus  rain-water.  At  the  top  of  each  line  of  arches  is  located  a 
ventilator  to  allow  a  free  circulation  of  air. 

Water  enters  the  reservoir  near  the  bottom  through  a  cast-iron 
main  twenty  inches  in  diameter,  and  is  drawn  out  through  the  same 
pipe.  Provision  was  made  for  drawing  all  the  water  out  of  the 
reservoir  if  necessary  by  giving  the  bottom  a  slight  slope  toward  a 
gutter,  the  bottom  of  which  also  has  a  slight  slope  and  conveys  the 
water  to  a  ten-inch  pipe  passing  through  the  wall.  The  reservoir  is 
provided  with  an  overflow  16.2  feet  above  its  bottom,  and  surplus 
water  flows  off  in  this  way  into  the  open  distributing  reservoir 
near  by.  The  open  reservoir  is  still  retained  for  use  in  cases  of 
emergency. 

Water  is  now  delivered  to  consumers  without  exposure  to  light 
at  any  point,  and  it  is  said  that  since  the  new  reservoir  was  put  in 
operation  the  consumers  have  been  very  well  satisfied  with  the  char- 
acter of  the  water,  and  all  complaints  of  bad  tastes  and  odors  have 
ceased. 


Chemical  Examination  of  Water  from  a  Faucet  at  the  Low  Service  Pumping 
Station  and  from  the  Covered  Reservoir  of  the  Brookline  Water  Works. 

[Ptru  per  100,000.] 


Microscopical  Examination. 

1. 1IMS.    No  olfMtam*. 

).  1UM.    Fungi,  OrtnotArix,  18, 
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Microscopical  of  Water  from  Fresh  Pond,  Cambridge. 
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CAMBBXDOB. 

Chemical  Examination  of  Water  from  Stony  Brook  Storage  Reservoir,  Waltham. 

[Part*  per  100,000.] 


Averages  of  Analyses  of  Previous  Years. 


*  .7 [in*  to  Novum  bur. 

■I  1883;  Iron.  -OIW.    Odor,  generally  dlrtlDMljr  Tegeuble, 

become!  si  ton  be  r,  and  mmctlmon  disagreeable. Tb<  I 

ibe  inrlicB  it  the  dam.    For  height*  of  w*ur  In  ihli  n 
collected  for  analyili  iee  pegs  ISO. 
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Microscopical  Examination  of  Water  from  Stony  Brook  Storage  Reservoir, 
WaUham. 

[Number  of  orgulnna  p*r  cubic  « 


X  H 
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CAMBRIDGE. 

Table  showing  Heights  of  Water  in  Fresh  Pond  and  in  Stony  Brook  Storage 
Beservoir  on  the  Dates  when  Samples  of  Water  were  collected  for  Analysis. 

[Height*  are  la  feet  above  Cambridge  city  bate.] 


FRESH  POND.    High  Wato,  1&83. 


STONY  BROOK  RESERVOIR.    Eollway,  81.00. 


DATS. 


Height  of 
Water. 


DATS. 


Jan.   4, 14.95 

Feb.   f, 15.05 

Mar.  6, 16.31 

April  4, 16.85 

May   3, 16.89 

June  5, 16.69 

July   5, 16.90 

Aug.  7 16.72 

Sept.  5, 16.54 

Oct.    3, 13.90 

Xov.  6(.  .       .  11.84 

Dee.  5, 12.65 


Jan.  9( 
Feb.  7, 
Mar.  6, 
April  4, 
May  4, 
Jane  5, 
July  5, 
Aug.  7, 
8ept.  5, 
Oct.  3, 
Nov.  6, 
Dee.    5, 


Height  of 
Water. 


79.20 
75.92 
81.14 
81.59 
81.75 
81.14 
79.75 
72.00 
65.10 
66.S2 
71.84 
71.75 


Water  Supply  of  Canton. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Cantor* 
relative  to  a  proposed  additional  water  supply  from  the  valley  of 
Beaver  Brook  above  the  present  pumping  station  of  the  Canton 
Water  Works,  may  be  found  on  pages  14  and  15  of  this  volume. 
In  the  following  table  is  given  the  analyses  of  samples  of  water 
collected  in  connection  with  the  investigation  for  this  additional1 
water  supply. 

Chemical  Examination  of  Water  from  Tubular  Test  Wclls^inthe  Valley  of  Beaver 

Brook*  Canton. 

[Part*  per  100,000.] 


ArrEAftAXCB. 
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9922  Jan.   24    V.  •light,  V.  slight,  0.00 

clayey.  earthy. 

9923  Jan.   24     Decided,  Cons.,       0.03* 

milky.  rutty. 

9957    Feb.     1     None.  V.  slight.  0.02 


w  6. 

c  e 
s  > 


3.75 
6.60 
5.65 


Ammoxia. 

m\ 
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I        5 


3  2 


.0000  .0006 
.0234  .0012 
.0000    .0006 


XlTKOOBX 
AS 


1 1 


e 
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3 
as 
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M 
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8 


.42 
.21 
.32 


.0150  .0001  .0000  1.3  .0110- 
.0120  .0000  .0109  2.3  .4100 
.0000    .0000     .0197     2.7    .0060 


*  This  sample  when  received  at  the  laboratory  had  a  color  of  0.70  caused  by  minute  partielea  of 
iron  rust  in  suspension,  but  subsequently,  after  the  iron  rust  had  precipitated,  became  nearly  colorless. 

Odor,  of  Xo.  9923,  faint;  of  the  other*,  none. Sample  Xo.  9922  was  collected  from  tubular 

test  well  Xo.  2,  20  feet  deep,  driven  through  11  feet  of  muck  and  five  feet  of  sand  into  gravel.  Xo.  9923, 
from  test  well  Xo.  3,  20  5  feet  deep,  driven  through  1.45  feet  of  muck  and  2  feet  of  fine  sand  into  gravel. 
Xo.  9957,  from  test  well  Xo.  5.  20  feet  deep,  driven  through  6  feet  of  muck  and  5  feet  of  fine  sand  Into 
gravel.  Water  was  pumped  from  the  wells  with  a  hand  pump  before  collecting;  the  samples,  for  periods 
varying  from  2  to  4*>  hours.  The  wells  were  located  in  the  vicinity  of  Beaver  Brook,  at  a  point  where  it 
Isjoined  by  a  small  branch  from  the  south,  about  half  a  mile  above  the  pumping  station  of  the  Canton 
Water  Works. 


Microscopical  Examination. 

Xo  organisms. 
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Wateb  Supply  of  Chelsea. 
(See  Boston,  Mystic  Works.) 

Water  Sdpplt  of  Chester. 

Description  of  Works.  — The  population  of  the  town  in  1890  was 
1,295.  The  population  of  the  main  village,  which  is  the  only  portion 
of  the  town  supplied  with  water,  is  said  to  be  about  800.  The  works 
are  owned  by  C.  L.  Goodhue.  Water  was  introduced  in  November, 
1893,  and  was  supplied  to  about  60  families  at  the  end  of  the  year. 

The  source  of  supply  is  Austin  Brook,  a  tributary  of  Walker 
Brook.  Water  is  drawn  from  Austin  Brook  at  a  point  about  1,200 
feet  from  its  mouth,  and  less  than  a  mile  west  of  the  village  of 
Chester,  where  a  small  reservoir  has  been  constructed  at  a  sufficient 
elevation  to  supply  the  town  by  gravity.  It  is  said  that  the  reser- 
voir is  formed  by  a  dam  about  8  feet  in  height,  and  covers  an  ares 
60x80  feet  to  an  average  depth  of  about  6  feet. 

The  brook,  above  the  point  where  the  dam  is  located,  drains  an 
area  about  1J  square  miles,  which  is  mainly  pasture  and  woodland; 
it  is  said  that  there  is  but  one  dwelling  house  on  this  area. 

The  distributing  mains  are  of  cast-iron,  and  the  service  pipes  are 
of  galvanized  iron. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Chester, 
with  reference  to  taking  a  supply  of  water  from  Austin  and  other 
brooks,  may  be  found  on  pages  15  to  17  of  this  volume. 

Chemical  Examination  of  Water  from  Austin,  Blandford  and  Walker  Brooks,  and 
Morn  Pond  in  Chester  and  Becket. 

[Pmrte  per  1M.M0.] 


ictlv  vegetable,  Ulieppejirli 


smalnlag  hid  pie*,  ■ 

■one.    Odor  of  the  fli 

F»lker  Brook,  about 

■  mile  from  the  Cho.. 

Microscopical  Examination. 
The  number  of  orgulimi  per  cubic  centimeter  In  theee  umpire  na  m  follow! :  Ho.  1OM0,  1 :  No. 
■' 1;  No.lMa2,«. 
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chicopee. 

Water  Supply  of  Chicopee. 

Until  1893  the  city  of  Chicopee  had  been  supplied  with  water 
from  various  sources  as  follows  :  — 

Chicopee  Centre,  having  a  population  in  1890  of  about  7,500,  was 
supplied  with  water  by  the  Chicopee  Water  Company  from  Dingle 
Brook,  and  from  wells,  partly  by  gravity  and  partly  by  pumping. 

Chicopee  Falls  (population  in  1890,  5,553)  was  supplied  chiefly 
from  works  owned  by  the  district,  with  water  pumped  by  the  Chico- 
pee Manufacturing  Company  from  the  Chicopee  River  within  the 
village. 

Willimansett  Village  (population  in  1890,  about  300)  was  sup- 
plied by  the  Willimansett  Aqueduct  Company  with  water  by  gravity 
from  a  small  brook. 

In  1892  the  city  of  Chicopee  acquired  possession  of  the  works  of 
the  Chicopee  Water  Company  and  of  the  Willimansett  Aqueduct 
Company. 

In  the  winter  and  early  spring  of  1892  there  was  a  mild  epidemic 
of  typhoid  fever  in  Chicopee  Falls,  and  the  State  Board  of  Health, 
after  investigation,*  found  reason  to  believe  that  the  epidemic  was 
due  to  the  use  of  water  from  the  Chicopee  River,  a  stream  which  re- 
ceives the  sewage  of  several  thousand  people,  and  taking  these  results 
in  connection  with  investigations  in  other  places  showing  that  a  pol- 
luted running  stream  is  n  very  dangerous  source  of  water  supply, 
advised  the  city  to  secure  a  pure  water  supply  for  Chicopee  Falls 
and  to  discontinue  the  use  of  river  water.  The  new  supply  was  com- 
pleted at  the  end  of  1893,  and  the  use  of  water  from  the  Chicopee 
River  was  discontinued. 

Description  of  Works.  —  The  new  sources  of  supply  are  Morton 
and  Cooley  Brooks,  the  waters  of  which  are  taken  near  their  con- 
fluence, about  H  miles  northeast  of  Chicopee  Falls.  Cooley  Brook 
is  a  tributary  of  the  Chicopee  River  from  the  north,  and  a  large  part 
of  its  course  is  through  a  raviue  in  the  great  sandy  plain  between 
Chicopee  and  Granby.  Owing  to  the  character  of  its  watershed, 
which  allows  much  of  the  water  falling  upon  it  to  pass  into  the 
ground  and  move  gradually  toward  the  brook,  which  it  finally 
reaches  in  the  form  of  springs,  its  flow  is  well  maintained  in  a  dry 


*  Sec  "  An  Investigation  of  an  Outbreak  of  Typhoid  Fever  in  Chicopee  Falls  apparently 
due  to  infected  Water  Supply,"  made  under  the  direction  of  Prof.  W.  T.  Sedgwick  in  the 
twenty-fourth  annual  report  of  the  State  Board  of  Health  for  1892,  pages  705-714. 
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season.  A  dam  about  170  feet  long  and  10  feet  in  height  has  been 
constructed  across  the  brook  at  a  point  about  three-fourths  of  a  mile 
from  its  mouth,  forming  a  small  reservoir  said  to  have  a  capacity 
when  full  of  5,500,000  gallons.  All  the  loam  and  vegetable  matter 
was  removed  from  the  area  to  be  flowed  up  to  the  level  at  which  it 
is  proposed  to  hold  the  water,  which  for  the  present  will  be  only 
high  enough  to  divert  the  water  into  a  conduit  leading  to  the  pump- 
ing station. 

Morton  Brook  is  a  small  branch  of  Cooley  Brook,  fed  almost 
wholly  by  springs,  which  enters  the  latter  a  short  distance  below 
the  dam  just  described.  A  low  dam  has  been  constructed  across 
this  brook  a  short  distance  above  its  mouth,  forming  a  small  reser- 
voir about  80  feet  long,  40  feet  wide,  and  averaging  three  feet  in 
depth,  which  was  thoroughly  cleaned. 

A  cast-iron  conduit  pipe  16  inches  in  diameter  conveys  water  by 
gravity  from  Cooley  Brook  to  a  receiving  basin  at  the  pumping 
station,  a  distance  of  2,434  feet.  A  branch  conduit  8  inches  in 
diameter,  also  of  cast-iron,  conveys  the  water  from  Morton  Brook 
to  the  main  conduit,  a  distance  of  750  feet.  It  is  proposed  to  take 
the  supply  as  far  as  possible  from  Morton  Brook,  because  of  the 
better  quality  of  its  water. 

The  receiving  basin  is  107  feet  long,  77  feet  wide  and  8  feet  deep 
at  high  water.  It  is  oval  in  shape,  with  sloping  sides,  and  has  a 
capacity  of  350,000  gallons.  The  slopes  are  paved  with  bricks  laid 
in  cement,  and  the  bottom  is  covered  with  a  layer  of  Portland 
cement  concrete,  6  inches  in  thickness,  over  which  is  a  layer  of 
gravel  4  inches  in  thickness.  At  the  end  of  the  basin  where  the 
conduit  enters,  there  is  a  sand  chamber  9  feet  long,  6  feet  wide  and 
8  feet  deep,  designed  to  catch  heavy  suspended  matter,  and  from 
this  chamber  the  water  overflows  into  the  main  portion  of  the  basin. 
The  surplus  water  brought  to  the  basin  passes  off  through  an  over- 
flow formed  by  a  20-inch  pipe  set  perpendicularly  in  the  centre  of 
the  basin,  and  discharging  into  a  pipe  leading  to  Cooley  Brook. 

Water  is  pumped  from  the  basin  to  the  city  and  to  an  open  iron 
tank  55  feet  in  diameter  and  60  feet  in  height,  situated  a  short  dis- 
tance from  the  main  pipe  between  the  pumping  station  and  the  city. 
All  new  distributing  mains  are  of  cast-iron  ;  new  service  pipes  are  of 
galvanized  iron  and  lead. 
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The  old  works  of  the  Chicopee  Water  Company  will  still  be  used 
as  a  low-service  supply  for  the  lower  portion  of  the  city. 

The  water  supply  of  the  village  of  Williinanaett  was  introduced 
in  the  summer  of  1892.  The  source  of  supply  is  a  small  brook, 
a  tributary  of  the  Connecticut  River  from  the  east,  which  flows  from 
the  westerly  side  of  the  great  sandy  plain  already  mentioned.  A 
dam  about  10  feet  in  height  has  been  constructed  across  the  brook, 
forming  a  small  reservoir  at  a  point  where  the  elevation  is  sufficient 
to  supply  the  village  by  gravity.  Distributing  mains  are  of  cast- 
iron.     Service  pipes  are  of  galvanized  iron  and  lead. 

Chemical  Examination  of  Water  from  Morton  and  CooUy  Brooks  in  Cnicopce. 

[Peru  per  100,000.] 


dor,  very  faintly  vegetable 

celvlDf  quid  Bl  tbe  pumping  bUUod  ud  repnteenl* 

collected  from  Cooler  Brook  al  tbr  new  dun. 

Microscopical  Examination. 

,    DliloiuicBir,  ilrridttm,  1;  Synt dm,  1.     Fungi,  Ciatlothrtr,  2.    Mlicellimeou,,  ZoSglaa, 

1.  Alia,  Clattf  rium, 
r,  2.    MltcellBDeou,  Z. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  141 

cohasset. 
Water  Supply  of  Cohasset. —  Cohasset  Water  Company. 

Chemical  Ezaminalion  of  Water  from  the  Tubular  Well*  of  the  Cohasset  Water 
Company. 

[Pmrw  per  100,0<».] 


Averages  of  Analyses  of  Previous  Fears. 


— The  umplu  were  oo 


This  water  is  beginning  to  show  some  of  the  characteristics  of  an 
"  iron"  water,  namely,  a  noticeable  turbidity,  sediment  and  color, 
and  the  presence  of  iron  and  of  certain  microscopic  organisms  often 
found  in  such  waters.  The  determinations  of  turbidity,  sediment 
and  color  in  a  sample  of  water  of  this  class  vary  with  the  length  of 
time  that  the  water  has  been  exposed  to  the  air  after  it  has  been 
drawn  from  the  ground,  since  they  are  dependent  upon  the  amount 
of  iron  which  has  been  thereby  oxidized  and  converted  into  an 
insoluble  form.     When  the  iron  is  all  precipitated  out,  the  water 
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resumes  its  original  appearance,  free  from  color  and  turbidity. 
These  results  of  turbidity,  sediment  and  color  are,  therefore,  only 
of  value  as  showing  a  condition  which  the  water  may  assume,  and 
should  not  be  used  for  making  comparisons  between  the  different 
samples. 


Microscopical  Examination  of  Water  from  the  Tubular  Wells  of  the  Cohasset 
Water  Company. 

(Nniobor  of  org*nltn»  pur  cubic  centime!*'.} 


ISM. 

Kerch.         Jam.          Sept.     |     Sept.           Oct.            Sot. 

D»y  of  uiiDlnitlon,       .... 

18     '.          23    I           22 
1013T     '      10WI     1      HOW 

M 

I1M 

»     |             21 
1121  (     !       1IS48 

0     i             a           1,t00 

1 

44 

40         m 

HUctllnntaut,  Zoogluw, 

0    ■           3    1         M 

M    '             7    i           4f 

Total, 

0     i           11    i       1,224 

m 

47                Iffl 

Water  Sur-PLY  of  Conookd. 

Chemical  Examination  of  Water  from  Sandy  Pond,  Lincoln, 

[PaH»por  loo.ooo.] 


Microscopical  Examination 
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Water  Supply  of  Danvers. 
In  the  act  of  the  legislature  giving  the  town  of  Danvers  the  right 
to  supply  itself  with  water,  the  town  was  granted  permission  to  take 
its  supply  from  Middleton  Pond,  in  Middleton,  and  Swan's  Pond,  in 
North  Reading.  The  latter  is  situated  a  little  less  than  half  a  mile 
from  Middleton  Pond  and  its  surface  is  about  twenty-two  feet  higher. 
Water  was  introduced  from  Middleton  Pond  in  1876,  but  the  works 
were  not  extended  to  Swan's  Pond  until  1893,  when  a  connection 
between  the  two  ponds  was  made  by  laying  a  six-inch  cast-iron  pipe. 
■  Swan's  Pond  is  said  to  have  an  area  of  about  forty-five  acres. 

Water  Supply  of  Dedham. — Dedham  Water  Company. 

Chemical  Examination  oj  Water  from  the  Well  of  the  Dedham  Water  Company. 


Averages  of  Analyses  of  Previous  Years. 


•  June  M  December.  t  January  to  May.  J  April. 

Microscopical  Examination,  1893. 

A  very  few  orgulemi,  chiefly  DUtomacen,  were  found  In  Not.  10461  ind  10ff7-J.     No  orginlam* 
were  found  In  tho  remaining  lamplei. 
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Chemical  Examination  of  Water  from  Slony  Brook  Storage  Seurvoir,  WaWum. 

[Part*  per  140,000.] 


Averages  by  Tears. 


■  :  Odor,  gtnermlly  lalnlly  vegetable,  Tpry  rarely  none;   on  beating  the  odor 

ad  aometlmee  mould  y. The  Minnie*  wan  colled ed  from  Ihe  ruertolr, 

For  monthly  record  of  height  of  water  In  thil  reservoir,  aee  peg*  13i. 
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Chemical  Examination  of  Water  from  Mill  River  and  Clapp'B  Trout  Brook  in 

Deerfleld  and  Soaring  Brook  in  Whately. 

[Part*  par  100,000.] 


Iron,  InalgnlfleiDt.    Odor  of  ill  umplei,  very  faintly  vegetable. The  Aral  ample  wu  collected 

from  Mill  River  In  Deerfleld  Dear  the  boundary  line  between  Coo  way  end  DeerHeld ;  the  eecond,  from 
Clapp'eTroat  Brook,  ■tributary  of  Mill  Klver  In  Deerfleld,  end  the  but  from  Roaring  Brook  In  White); 
Glen,  Id  the  northern  part  of  Wbatelj. 

Microscopical  Examination. 

No.  11401.  Dlatomaeeat,  .Varieula,  1;  Pinnularia,  1;    Syntdra,  10.    Mlacellaiioonn,  Znuglaa,  3. 
To  Hi,  IS, 

No.  11402.  Dlatomaceie,  SvnrJra,  5. 

No.  11403.  Dlatomaoen,  Sgnedra,  3.    lllacellaneoiu,  ZoSgtaa,  1.    Total,  4. 


Water  Supply  of  East  Bridgewateh. 
(See  Bridgetoater.) 


Water  Supply  op  Easthampton. 

Works  for  taking  a  water  supply  from  a  new  source  were  built 
by  the  town  in  1892,  and  the  use  of  water  from  Williston  Pond 
has  been  discontinued.  The  new  source  of  supply  is  Bassett  Brook, 
a  stream  which  rises  in  Northampton  and  flows  into  the  Man- 
han  River,  just  opposite  the  village  of  Easthampton.  Water  is 
taken  from  the  brook  a  little  less  than  a  mile  from  its  mouth,  at 
a  point  where  a  low  dam  has  been  constructed  forming  a  small  basin. 
From  the  basin  water  flows  by  gravity,  through  a  cast-iron  pipe 
twelve  inches  in  diameter,  to  a  pumping  station  located  at  a 
dam  on  the  Manhan  River,  a  short  distance  below  the  mouth  of 
Bassett  Brook.     From  this  point  the  water  is  pumped  by  water 
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■power,  through  a  new  cast-iron  force  main  ten  inches  in  diameter 
and  one  thousand  two  hundred  and  fifty  feet  in  length,  into  the  old 
system  of  distributing  pipes  in  the  village,  the  surplus  water  going 
to  the  distributing  reservoir  on  Mt.  Tom. 

Bassett  Brook,  above  the  point  of  diversion,  drains  an  area  of 
about  6.9  square  miles.  In  the  upper  portion  of  the  watershed  the 
slopes  are  steep,  but  in  the  middle  and  lower  portions  the  surface  is 
more  nearly  level,  and  there  are  considerable  areas  of  flat  land  in  the 
vicinity  of  the  stream,  some  of  which  are  swampy.  There  are  no 
ponds  or  storage  reservoirs  on  the  watershed. 

Water  Supply  of  North  Easton  Village  District,  Easton. 

Chemical  Examination  of    Water  from  the    Well  of  the  North  Easton   Village 
District. 


—  The  sample  win  collected  from  tho  veil. 

Microscopical  Examination. 


Water  Supply  of  Everett. 
(See  Boston,  Mystic  Works.) 


Water  Supply  of  Fairhavej*.  —  Fairhavex  Water  Company. 
The  advice  of  the  State  Board  of  Health  to  the  Fairhaven  Water 
Company  with  reference  to  the  introduction  of  a  water  supply  from 
tubular  wells  in  the  vicinity  of  the  Xaskctucket  River  will  be  found 
on  page  seventeen  of  this  volume.  Analyses  of  samples  of  water 
collected  from  wells  near  the  river  and  from  the  river  are  given 
below. 
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The  results  found  by  analysis  are  somewhat  remarkable,  as  they 
show  that  water  from  flowing  wells  only  a  short  distance  apart 
differed  very  much  in  quality,  some  of  the  water  having  its  origin  in 
a  polluted  source,  and  some  of  it  being  the  natural  water  of  the 
region.  This  subject  is  referred  to  quite  fully  in  the  advice  of  the 
Board.  It  is  also  worthy  of  note  that  there  was  a  difference  in 
the  temperature  of  the  water  from  wells  driven  to  the  same  depth, 
that  from  the  southerly  well  having  a  temperature,  April  12,  1893, 
of  46.5  degrees,  from  the  northerly  well,  43  degrees,  and  from  the 
middle  wells,  48  degrees.  The  temperature  of  the  water  in  the 
river  at  the  same  time  was  55  degrees. 

The  works  for  taking  water  from  this  source  were  nearly  com- 
pleted at  the  end  of  1893. 


Chemical  Examination  'of  Water  from  Tubular  Test  Wells  in  the  Vicinity  of  the 

Naskelucket  River,  Fairhaven. 


[Parts  per  100,000.] 

Date  of 

Collection,  j 

Appearance. 

i 

! 

Uesidae  on 
Evaporation. 

i 
Ammonia. 

Chlorine. 

KlTHOGKN 
A8 

Oxygen 

Coniumed. 

i 

3 

o 

c 
•o 

•a 

m 

• 

a 

a 
2£ 

Turbldlly. 

Sediment. 

Color. 

Free. 

Alba, 
minold. 

Nltratei. 

i 

25 

* 

a 
2 

10190 
10247 
10249 

1893.   i 

Mar.  30  \ 

Apr.  12  ! 
Apr.  12  | 

i 

None. 
None. 
None. 

V.  alight. 

None. 

None. 

i 
0.021 

o.oo ! 

0.00' 

I 

10.15 

l 
3.90  | 

12.60  ! 

.0002 
.0000 
.0000 

.0026 
.0004  ! 
.0022 

1.48 
0.81  j 
1.93  j 

.2200 
.0480 
.6000 

.0000 

.oooo  ! 

.0000 

.0146 
.0182 
.0148 

3.1 

1.3 

1 

'  3.9 
1  2.8 

i 
i 

.0000 
.0015 

.0050 

1 

Av. 

! 

o.oi ! 

I 

8.88 

i 
.0001 

.0017 

1.41  j 

.2803 

1 
.0000 

.0158 

.0022 

1 

1 

Odor,  none.    On  heating,  the  odor  of  the  first  sample  became  faintly  vegetable. The  wells  are 

located  in  the  vicinity  of  the  river,  about  half  a  mile  above  the  point  where  it  is  crossed  by  the  Fair- 
haven  branch  of  the  N.  Y.,  N.  H.  &  H.  R  R.  The  first  sample  was  collected  from  one  of  the  middle 
wells  in  a  line  of  six  in  the  valley  of  the  Nasketucket  River;  the  second  sample  from  the  most  northerly 
and  the  last  from  the  most  southerly  well  in  this  line. 


Microscopical  Examination. 

No.  10190.    Miscellaneous,  Zooglcea,  14. 
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Chemical  Examination  of  Water  from  the  Nasketucket  Biver,  Fairhaven. 

[PuU  per  100,000.] 


collected  from  lbs  river  al  tb*  di 


Microscopical  Examination. 

■I  Xtrtdion,  11;  JNnfcBfa.  Si  NU-dita,  1;  Plnmiiaria,  1;  Syxrdra,  it; 
ii,  ZoSataa,  6.    Total,  105. 

Water  Supply  op  Falmouth  Heights.  —  Falmouth  Heights 
Water  Company. 
This  village  is  a  summer  resort  on  Vineyard  Sound  in  the  southerly 
part  of  the  town  of  Falmouth.  The  source  of  supply  is  a  well  about 
ton  feet  in  diameter  and  twenty  feet  in  depth,  located  a  short  dis- 
tance north-west  of  the  village.  Water  is  pumped  from  the  well  to 
an  elevated  wooden  tank  upon  Observatory  Hill  in  the  village,  and 
is  thence  distributed  to  consumers  through  cast-iron  mains.  The 
reply  of  the  State  Board  of  Health  to  the  Falmouth  Heights  Water 
Company,  with  reference  to  the  use  of  this  well  as  a  source  of 
water  supply  for  the  village  of  Falmouth  Heights,  may  be  found  on 
page  18  of  this  volume. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Falmouth  Heights  Water 
Company. 
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Odor,  faintly  earthy. The  sample  win  collected  from  the  well. 

Microscopical  Examination. 
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Water  Supplt  of  Fitchbubq. 
Chemical  Examination  of  Water  from  Scott  Reservoir,  Fitchburg. 

[Puti  per  100,000.] 


Averages  of  Analyses  of  Previous  Tears. 


yeea  of  1903:  Iron,  .0181.    Odor  of  the  first  Mmplo,  dltlloolly  nnpleai 

tend  In  j;  of  the  other  .ample.,  faintly  vegetable. The  •ample*  were  collected  from 

r  the  gate-home,  0110  foot  beneath  the  anrtaee. 

if  water  1o  thl«  reeerrolr  on  datea  when  aamplea  of  water  wet*  collected  for  an*]y*1a 

:   Julj-  IV,  thirty -.even  feel;  October  18,  eighteen  feet;  December  IB,  Iweuly-nlne 


Microscopical  Examination  of  Water  from  Scott  Reservoir,  Fitchburg. 

[Number  of  orjmnlimaperc 
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MKroscojtical  Examination  of Water  from  Scott  Rettrvoir.Fitehburg — Concluded. 


PLAXTS  -  Cou. 

Cyanophyceee,  Aiubsu 0  |  g 

Alga* i  1  0 

Bcmedeemn 1  1  0 

Fullgl,   Cnraolhrii 0  t  I                    0 

ANIMALS. 

RhlKopoda,  nifflugln, 0  1  | 

Infusoria, ST  13)  1 

l'eridlnluoi,        .''.'.'.'.'.'.'.  i>>  IK  1 

Varmaa, 3  S  0 

FoLysrtbmi       '.'.'.'.'.'.'.'.  1  0  0 

MactUmumti,  ZoUgltci U  40'  0 

Total, 2Ii  MM  I                 7 

Chemical  Examination  of  Water  from  Meeting-house  Point,  Westminster. 


1IMWJ., Tuly  Id    V.-llah!.   sikht. 
lWiS,  Aim  ^     V.nllght,    V.nllKbt. 

1i:iTt'ni>v.v3    Sliiiht.    ',Mli«lit. 
HSIljlHf.  is    Nunc.       |V. -light. 

.07  ;  S.3T 
ntly  yeget 
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!»i4a  !i«3» lojwii  '.it  i 

.UZH.D1K  .00311    .IT 

Iruu,  .IMM.    Odor,  KoneroUy  f. 
™"  the  yenr,  ivlih  the  eiccptloo  of  * 

egulerly  f 
In  unw 

e The  temples  were  collected  rrom  the 

on  thle  pood  lor  the  supply  of  tie  oil;  dor- 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  151 

FITCHBCBG. 

Microscopical  Examination  of  Water  from  Meeting-house  Pond,  Westminster. 

[Number  of  orginlimi  per  cubic  centimeter.] 


Chemical  Examination  of  Water  from  Wyman's  Reservoir,  Fitchburg. 

[Parti  per  100,000.] 


Iron,  .0407.  Odor  of  lee  Ant  anmple.  mnsly  and  dleagreeable.  becoming  offensive  on  heating;  c 
e  HCODd  sample,  none,  becoming  faintly  vegetable  on  healing. The  sample,  were  collected  from  tb 

bl«  rewrvolr  )■  not  ™d  aa  a  aDurce  of  water  etipply,  altbougb  It  la  owned  by  tbe  city  and  la  within  lb 

Microscopical  Examination, 

No.  I0«0.  Dlatomaccn,  Syntilni,  "0.  Fungi,  Crtnothrl*,  60.  Infmorla,  Dinobrwm  um,  ' 
ermt..  Anuria,  ?..     MlnKlline.ii].,  7.;0i,Urn,  380.     Total,  VU. 

No.  Vmi.  Dlatomacerc,  i \t i„!.U„,  1  ;  %nr(i™,  5;  TaMKiria,  3.  Algal,  Cillororocraa,  a;  #>>»/. 
urn,  3;  HaphUllim,  8.  Fungi,  CwtMr.  a.  lofuaorla,  Mnobrij-jn  tarn.,  S;  /•urlJinium,  1 ;  7ruc*. 
™«m,  1.    Vermn,  inim,  pr.    Total,  30. 


no 
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CLINTON. 

Microscopical  Examination  of  Water  from  the  Clinton  Water  Works — Concluded. 

[Number  of  organisms  per  cubic  oentimeter.] 


- 

1SSS. 

• 

Aug. 

Dee. 

Aug. 

Dee. 

Dee. 

Aug. 

Dee. 

Dm 

PLANT8  — Con. 

Cyfltnophyceee, . 

542 

1 

0 

0 

0 

0 

0 

6 

Aphanocapsa,    •       •       •       • 

2 

0 

0 

0 

0 

0 

0 

0 

Merlamopedla,  .... 

640 

0 

0 

0 

0 

0 

0 

0 

Osclllarla,  ..... 

0 

1 

0 

0 

0 

0 

0 

0 

AlffCB, 

422 

0 

60 

1 

1 

T 

1 

6 

Arthrodeemus,  .... 

0 

0 

0 

0 

0 

0 

0 

0 

Chlorococcus,    .... 

1 

0 

1 

0 

0 

0 

0 

0 

Cosmarlum 

1 

0 

1 

0 

0 

2 

0 

0 

Desmidinm,       .... 

7 

0 

0 

0 

0 

0 

0 

0 

Eadorioa,  ..... 

2 

0 

0 

0 

0 

0 

0 

0 

UloBocapsa,        .... 

52 

0 

1 

0 

0 

0 

0 

0 

Pandorlna,         .... 

0 

0 

0 

1 

0 

0 

0 

0 

Protoroocua,      .... 

828 

0 

25 

0 

0 

0 

0 

0 

Raphldium,        .... 

2 

0 

8 

0 

0 

0 

0 

0 

Scenedesmas,    .... 

25 

0 

16 

0 

1 

1 

1 

0 

Bpirogyra, 

2 

0 

0 

0 

0 

0 

0 

0 

BtAuraetrum,      .... 

2 

0 

2 

0 

0 

4 

0 

0 

Btaurogeula,      .... 

0 

0 

2 

0 

0 

0 

0 

0 

Fungi,  Crenotbrix, 

76 

1 

0 

1 

2 

0 

0 

6 

ANIMALS. 

Rhfcopoda,  Actinophrys, . 

1 

0 

0 

0 

0 

0 

0 

Infusoria 

37 

26 

68 

68 

4 

79 

6 

Dinobryon 

0 

10 

0 

68 

1 

0 

0 

Dinobryon  cases, 

1 

0 

66 

0 

0 

76 

0 

Monas, 

2 

0 

0 

0 

0 

2 

0 

Peridlnium,       .... 

28 

7 

13 

0 

8 

0 

6 

Trachelomonas, 

6 

0 

0 

0 

0 

0 

0 

Uroglcna, 

0 

0 

0 

0 

0 

0 

0 

1 

Vorticella, 

1 

0 

0 

0 

0 

1 

0 

0 

Vermes, 

18 

0 

6 

0 

1 

6 

2 

Anarea, 

7 

0 

1 

0 

0 

0 

0 

0 

Polyarthra,        .... 

8 

0 

0 

0 

1 

8 

0 

0 

Rotator  Ian  ova 

8 

0 

8 

0 

0 

2 

0 

0 

Rotifer 

0 

0 

0 

0 

0 

0 

2 

0 

Miscellaneous, ..... 

128 

0 

84 

0 

0 

0 

.02 

0 

0 

0 

0 

0 

0 

.02 

0 

128 

0 

84 

0 

0 

0 

0 

0 

* 
* ■ 

1,462 

81 

455 

138 

01 

127 

66 

42 

Water  Supply  of  Coh asset. — Coh asset  Water  Company, 

The  advice  of  the  State  Board  of  Health  to  the  Cohasset  Water 
Company  relative  to  increasing  its  water  supply  may  be  found  on 
page  17  of  this  volume.  Analyses  of  water  from  present  sources  of 
supply  and  of  samples  collected  during  the  investigations  for  an 
additional  water  supply  are  given  on  succeeding  pages. 
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PRAMXHOHAJC. 

Chemical  Examination  of  Water  from  a  Faucet  in  South  Framingkam,  supplied 
from  the  Works  of  the  Framingham  Water  Company. 

[Parte  par  100,000.] 


e. The  unplii  were  collected  from  a  funcul  at 

hare  loL-ated  nnrUiiandor  Ihe  dlatrdbutlnj- lyataai 
■  mile  we.t  of  8onth  Fraratnghani  and  ■  Utile  over 


Microscopical  Examination. 


So  organlama  were  found  Id  the  remaning  earnplea. 

Chemical    Examination  of  Water  from  the    Underdrain  beneath  the  Sewers  at 
framingham. 

i'urts  per  100,000.] 


<■•>!■ 


Averages 

of  Analyses  of 

Vev«w»  Fears. 

:  i  ST  j!     : 

S:$Steji:3S, 

:SSn 

3. 73 

.4750 

.0044 

:  'Ml  : 

-          1893       ,| 

~ 

0.02l!».K  ||.08» 

.ooss 

3.S4 

AIM 

.0014 

Note  to  aailjaea  ol  1893  :  Odor 


rally  faintly  vegetable  i 


Bnldy. Tbe-.impli 
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OARDSEB. 

Water  Supply  op  Gardner.  —  Gardner  Water  Company. 

Chemical  Examination  of  Water  from  Crystal  Lake,  Gardner. 


Averages  of  Analyses  of  Previa 


. 

18871 

.       1 

iO.OJ 

'  4.03  j  0.62  ,,.0006.011*    - 

-    ,.31  j.OMB'     -     1    -    j    - 

1989; 

■        0.01 

2.00  :  0.62      0023  ,0112|    - 

-         .S4    ..0094.000]!       -     ;     - 

- 

IS'Jlj 

.  !o.« 

1993 

1 ' 

Where 

gore  than  ono  sample  waa  collected  Id  ■  month  the  mean  analjala  tot  thai  month  hu  bed 

UMd 

n  mshin 

isxit 

1  January  to  liny.            j  June,  three  .ample*.             ||  March. 

I  al  the 

!;.!i'i 

been 

while  pomplng.     No.  10M7  HI  collected  directly   from  the  lite.     The 

imp  lea  were  collected  ft 
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OABDNBB. 

Microscopical  Examination  of  Water  from  Crystal  Lake,  Gardner. 
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CONCORD  AND  LINCOLN. 

Microscopical  Examination  of  Water  from  Sandy  Pond,  Lincoln, 

[Number  of  organisms  per  cable  eentlmeter.] 


1409. 


February. 


March. 


April. 


Day  of  examination! 

Number  of  sample, 

PLANTS. 
Dlatomaceee, 

Srclotella, 
elostra, 

Synedra, 

Tabellaria, 

Cyanophyoeeo,  Merismopedla,     .      .      . 

AlffSD* 

Pedlaetrum, 

Protoeoecus, 

Raphtdtum, 

Bcenedesmus,  ....... 

Zoospores, 

Fungal,  Crenothrix, 

ANIMALS. 
InfUsoria, 

Dloobryon, 

DiDobryoo  cases, 

Mooas, 

Peridlnium, 

JfUcelianecut,  Zottglooa, 

Total, 


16 
18824 


14 
18963 


0 
14103 


SO 
14866 


0 
0 
0 
0 


0 
0 
0 
0 
0 


0 
0 
0 
0 


0 
0 
0 
0 
0 


0 
0 
2 
0 


0 
0 
0 
0 
0 


8 

2 

11 

2 


16 


6 
11 
8 
2 
2 


162 

76 

76 

0 

0 


67 

1 

66 
0 
0 


80 
8 
0 

pr. 


16 

0 
0 

1 

14 


162 


60 


42 


108 
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HANSON. 

Hanson. 

Chemical  Examination  of  Water  from  Maguam  Pond,  Sanson. 


Iron,  none.  Odor,  distinctly  vegetable  ud  disagreeable,  becoming  faintly  vegetable  on  lieatiog. 
The  sample  was  collected  from  tbe  pond  ul  in  northerly  end,  near  the  shore. 

Inference  la  made  to  the  quality  of  thii  water  In  a  reply  of  tbe  State  Board  of  Health  to  the  town 
f  Whitman  with  regard  10  taking  a  water  supply  for  tbe  town  from  this  pond  and  from  other  aonrces 

Microscopical  Examination. 

Diatom  acea,,  Hrlaiira,  2;  SgneJra.l;  Tubtllarta,9.    Alia;,  Ulothrix,\.    Infasorla,  DiRobryon.l; 


Water  Supply  of  Haverhill. 

Chemical  Examination  of  Waterfront  Crystal  Lake,  Haverhill. 


[Parta  par  100,000.} 


.     Odor  Of  tbe  flrot  ■ample,  very  disagreeable,  disappearing  on  heating;  of  the 
)la;  of  the  last,  very  faintly  vegetable,  becoming  stronger  and  gruay  on  heating.  - 

Microscopical  Examination. 

The  total  number  of  orgintsras  per  cubic  centimeter  foand  In    these  samples  wai  as  folio 
February,  S;  in  Juno,  all  ;  In  October,  an. 
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HAVERHILL. 

Chemical  Examination  of  Water  from  Eenoza  Lake,  Haverhill. 

[P»ru  per  100.000.] 


Microscopical  Examination. 

Id  Frtnury,  1M;  InJone.M;  In  Oolober,  43T. 


Chemical  Examination  of  Water  from  Lake  BaltonttaU,  Haverhill. 

[Peru  per  100,000.] 


Microscopical  Examination. 

The  lotnl  number  of  orgDnleinn  per  ruble  ccnllmcler  found  In  each  of  tbeie  Hmple*  HI  u  followi 
nFebronry,  4;  In  June,  101;  in  October.  31)0. 
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Chemical  Examination  of  Water  from  Lake  Penlucket,  Haverhill. 
[Part,  per  100,000.] 


imple  Ibu  Id  the  other  two. The  sampled 


Microscopical  Examination. 


Water  Supply  op  Hingham  and  Hull.  —  Hingham  Water 
Company. 

Chemical  Examination  of  Water  from  Accord  Pond,  Hingham. 
[Puto  per  loo.ooo.] 


Iron,  .0043.    Odor  of  [be  flnt  Mmple,  none,  becoming  vegetable  on  (Undid*-;  of  the  leeond  umpl< 

decidedly  vegetable;  of  the  third  simple,  faintly  vegetable;  of  the  remaining  umpire,  none. Sampl 

No.  10700  waa  collected  from  the  pump  vail  at  the  pumping  (tattoo;  tha  remaining  eamplei  from  ti 
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HINGHAM. 

Microscopical  Examination  of  Water  from  Accord  Pond\  Eingham. 

[Number  of  organisms  per  cubic  centimeter.] 


199*. 


March. 


June. 


August.       September.  !  December. 


Day  of  examination, 
Number  of  sample, 


PLANTS. 
Diatomaceee, 


Asterionella, 
Cyclotella,   . 
Meloslra, 
Navicula,     . 
Synedra, 
Tabellaria,  . 


Cyan  ophy  ce», 


Anabssna,    . 
Anabicna  spores, 
CoDlosphnrium,  . 
Merismopodia,    . 
Microcystis, 


Algree. 


Nonhrocytium, 
Pediattrum, 
Raphldium, 
Scenedesmus, 


Fung"!,  Crenothrix, 


ANIMALS. 


Infusoria, 


Dinobryon  cases, 

Monas, 

Perldinium, 


Vermes, 

Anurea. 

Polynrtnra, 

Rotifer, 


24 
10168 


22 
10648 


17 

4 
0 
0 
0 
4 
9 


0 
0 
0 
0 
0 


16 
o 

14 
0 
0 
1 
1 


48 

pr. 

0 
32 
14 

0 


0 
0 
0 
0 


0 
0 

4 
0 


0 
0 
0 


0 
0 
0 


0 

0 

pr. 


0 
0 
0 


10 
10700 


22 
11072 


0 
1 
2 

vti 

0 


8 

6 
0 
0 
0 
8 


38 

0 

0 

38 

0 


pr. 


pr. 
0 
4 


0 
0 
0 


1. 


0 

0 

1,880 

4 
2 
0 


156 

100 

M 

0 

0 

0 


10 

4 
3 
0 
8 


27 

0 

24 

8 


1 
2 
1 


20 
11516 


0 
1 
0 
0 
26 
12 


0 
0 
0 
0 
0 


0 
0 
0 
0 


3 

8 

0 
0 


0 
0 
0 


MiMcellaneout,  Zobgloca,  . 


26 


Total, 


17 


00 


81 


2,110 


43 
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HJXQHAM. 

Chemical  Examination  of  Water  from  Fulling  Mill  Pond,  Bingham. 

[P.rti  per  100,000.] 


Microscopical  Examination  oj  Water  from  Fulling  Mill  Pond,  Bingham. 


■  MS. 

March. 

Juna. 

September, 

Deeemtwr. 

Day  of  examination 

n 

12 

32 

to 

inn 

10MI 

11073 

11516 

TLANTS. 

Diatomaceee 

Ml 

m 

n 

1,B» 

AMeitoDoU* 

11 
pr6 
m 

i 

33 

* 

Fratflarla 

nn.111l.rl., 

1 

tKXk 

0 

II 

• 

44 

1 

R 

D 

as 

a 

Niphrocrtlum, 

1 

I 

12 

J 

SSStS. 

• 

Fungi,  Ctenothrix 

1 

1 

g 

n 
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HINGHAM. 

Microscopical  Examination  of  Water  from  Fulling  Mill  Pond,  Bingham 
—  Concluded. 


[Number  olorgubmi 

jimtw.] 

itart. 

Jan.. 

Saplnatar.      Decvmbv. 

ANIMALS. 

0 

0 

1 

* 

S 

s 

0 

* 

Infusoria 

ra 

a 

10 

■ 

1M 

0 

1 

E 

a 

Ve  me 

0 

a 

•     ! 

Pol>"nh™' 

1 

c     ! 

0 

I 

ifl«*HMM,  Zoiiglom, 

H 

14 

n            7 

TOTAL 

.IS 

H 

113 

I«M 

Water  Supply  op  Hinsdale  Fire  District,  Hinsdale. 


mo  umplH,  veKelnb 


it  tba  but.  vory  dUaffnuhle, Tb« 
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FATRHAVEN. 

Wateb  Supply  or  Faibhaven.  —  Fairhates  Water  Company. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Fairhaven  Water 

Company. 

[Parte  per  100,000.] 


Odor,  none.    On  besting,  Xoa.llMT  mud  1MB  bed  »  relBtly  vegetable odor. Thecal 

oolleeied  from  •  faucet  at  the  pumping  elation. 

Microscopical  Examination. 

Ho.  1S878.     Fungi,  OrenoUirix,  1.     Mtacellmnoonn,  Zo&glmx,  10.     Total,  II. 

No. 11413.    FuDgl,  CWnoiArir,  5;  Mal&t,  14.    Mtaoellaneona,  Zooglta,  2.    Total,  21. 

In  the  other  aamploa  no  organleme  wan  fonnd. 

Wateb  Supply  of  Fall  Rivek. 
Chemical  Examination  of  Water  from  Worth  Watuppa  Lake. 

[Parle  par  100,000.] 


„.....,  .„,, — r.-  .... .n  (ha  elty,  tha  a 

laucat  altbepnmplDgili 


Microscopical  Examination. 

Tht  total  nnmbar  oforfulama  par  onMo  oa 

Ho.lSira.Mi  No.  U303.SM;  Ko.US4S.Zt9. 
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HOLYOKE. 

Water  Supply  of  Holyoke. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Holyoke, 
with  regard  to  an  additional  water  supply,  may  be  found  on  page  19 
of  this  volume.  On  pages  168  and  169  will  be  found  analyses  of 
samples  of  water  collected  from  various  sources  examined  in  connec- 
tion with  the  investigation  for  this  supply. 


Chemical  Examination  of 


Water  from  Wltiting   Street  Storage  Reservoir, 
Holyoke. 

[Part*  per  100,000/ 


3 


ArrCARANCb. 


KESIM'L   «>n 
Evapora- 
tion. 


AmiosiA. 


NlTROeEY   ;     •= 


Aft 


Albuminokl. 


5 
2 


1 


c 
«, 

E 

1 

x 


2     i    S' 


fa 


5    \  if   1 


8  I    I 


w     1     * 


&  1 

M  « 

c     = 


ISM. 

9903  Jan.  IS  Distinct.    Slight. 

10146  Mar.  SI  Slight.        Slight. 

10442  May  22  Slight.        Slight. 

10*3-2  July  10  Slight. 


0.30     5.65     1.70     .0024.0340.0236.0104.18  .OHW.OOOl   .4767.  3.0 

0.0s     3.25      1.25     .0000  .0154  .0114  .0040  .13  .0000  .0000  .2160    1.4 

:  I 

0.20     3.95     1.20     .0016  .0158  .0140  .001$  .11  .0000;. 0000  .8502  2.1 


Slight,       0. 
green. 
11049  Sept.19    Decided,    Con*.         u. 

green. 
11363  Nov. 21    V.  slight.  Slight.       0. 


12     ft. 20     2.45     .0000  .0212  .0182  .0030  .10     .0030.0001   .8577  2.1 


1*     5.5o      1.70     .0000. 0426  .0244  .0182  .15  1.0030 


.0000  .4428  3.1 


Av. 


21*  4.40   1.45  .000$  .0216  .01S0  .0036  .12  .0220.0002.4536  2.5 

I 


IS  4.07   1.63  .000*  .0251  .01*3  .006$  .13  .0063,. 0001  .3SJ8  2.5 


1S>7* 

1SSS 

1SS9* 


Averages  of  Analyses  or   Previous  Years. 
Front  Urnok  b*  T\>rt  Ihstrrriir  \cns  Built. 


I 

0.4*     7->9     1.44     .•■024  .0204     -     ;     -       .13    i.0l26j     -      '    - 


0.2'-     6.63      1.22     .0009  .01  S3     - 


.10   ..0081. .0001       - 


-.14     0.72      1.02     .0-VH-.0134.0o92.0042.il    ;. 0054  .0001  |    - 


1>A^ 
1*91 
1*92 
1*93 


•  June  to  December. 


Frmn  Ihserroir. 


0.S0  6.9.'»  l.f-i  .0>«*»  .0244  .0188  .0056  .15  .0120.0000      -      3.6 

o.41  6.34  2.0*>  .-12.%  .0311  .0253  .0058  .12  .0185  .0006      -    ,  S.l 

O.iio  ."07  1.^6  .iV2v  .0294  .«>247  .004"  .14  .0192.0001,      -      *•* 

■  >.]>  4.67  1.63  .•**><  .0251  .01*3.006*  .13  .0063.0001   .SS3Si  2.5 


I 


:  Jar.uary  to  May. 


!  December. 


Xon  to  analy«*f  of  l*^ :  Ir^n.  .01"1.  Od,  1  of  the  firtt  three  sample*,  distinctly  vegetable,  and  of 
the  first,  also  diaagrveaM* :  of  the  la>»t  three  sample*,  faintly  vegetable  or  none.  On  heating,  the  odor 
of  all  sample*  vat  distinctly  vegetable. The  *»mp!e#  were  collected  from  the  reservoir. 
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HOLYOKE. 

Microscopical  Examination  of  Water  from  Whiting  Street  Storage  Reservoir, 

Holyoke. 

[Number  of  organisms  per  cubic  centimeter.] 


1698. 


Jan. 


March. 


May. 


July. 


Sept. 


Nor. 


Day  of  examination,        .... 
Number  of  sample, 

PLANTS. 
Diatomaceee 

Asterionella, 

Fragilaria, 

Synedra, 

Cyanophyceee,  Chroococcus, . 

Al?89, 

randorina, 

Pediaatrum, 

Protococcus, 

Selenastrum, 

Zoospores, 

Fungi,  Crenothrix,       .... 

ANIMALS. 
Infusoria, 

Cryptomonas, 

Dinobryon, 

Euglena, 

Monaa,        ....... 

Peridinium, 

Trachelomonas,         .... 
Uroglena, 

Vermes,  Polyarthra,   .... 


20 
0003 


23 
10146 


24 
10442 


13 
10632 


20 
11040 


22 
11363 
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1 

3 

0 

782 

0 
0 

1 

0 
0 

1 

0 
0 
3 

0 
0 
0 

720 

62 

0 

0 

0 

24 

0 

0 

0 

1,464 

1,422 

0 

196 

0 
0 
0 
0 
0 

0 
0 
0 
0 
1,464 

42 

0 

0 

1,380 

0 

0 
0 
0 
0 
0 

0 
4 

102 
0 
0 

0 

0 

3 

1 

0 

3 
0 
1 


0 
0 
2 
0 
0 


168 

3 

0 

1 

62 

164 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

1 

0 

1 

pr. 

0 

0 

6 

0 

0 

0 

0 

52 

3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 
0 
0 
0 
4 
0 
0 


Miscellaneous,  Zooglcea, 

0 

52    |           3 

i 

56 

3 

0 

160 

1,520 

i 
1,455    |            58 

! 

1,044 

10 
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FirCHBTTBG. 

Chemical  Examination  of  Water  from  Meeting-house  Pond,  Westminster. 

[Part*  per  100,000.] 


Average*  by  Yean. 


- 

1393 
1891 
ISM 

: 

: 

.07 

2.87 

0.88 

.0009 

.0137.0113 

.0024 

„ 

.00X3.0000 

■"" 

o.g 

Nttk  to  imdytet  of  IMS:    Odor,  generally  faintly  vagotonia. The  umplu  were  collected  froi 

the  pood  aefollowe:  Tbs  flntumpls  ntmnhe  ihora  north  of  the  overflow;  Lha  ecooBd.Joet  below  dim 

the  remaining  umplen  from  tho  gMe-honM. 


Microscopical  Examination  of  Water  from  Meeting-house  Pond,  Westminster. 

[Hombar  ot  ocganlaroi  per  eoblc  eeo'imeter.] 


IMS. 

Un. 

Her. 

».,. 

JLIT 

„„. 

*,. 

IT 

14M3 

17 

11316 

34 
14MS 

10 
16108 

10 
1&57T 

PLAMTB, 

Fnetlnrli, 

Tabellaria, 

S 

tl 

3 

£1 

40 

M 

14 
IB 

It 

I 

0 

0 
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HOLTOKE. 

Microscopical  Examination  of  Water  from  Wright  and  Ashley  Ponds,  Holy  oka. 

[Number  of  organUmi  par  If  U 
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FKAMINGHAir, 

Water   Supply   of   Fka'Siingham.  —  Fhamingham   Water 

Company. 

Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Framingham 

Water  Company. 

(Farta  par  100,000.] 


Averages  by  Years. 


Chemical  Examination  of  Water  from  a  Faucet  in  South  Framingham,  supplied 
from  the  Works  of  the  Framingham  Water  Company. 

[Parta  per  100,000.'] 


Odor  of  Ihs  Bret  (ample,  dodi,  becoming  very  faintly  vegetable  on  bailing;  nf  the  aaeond,  dlatlnctlj 
nop leuaBt,  disappearing  on  heating;  of  the  third,  decidedly  tarry;  nf  the  but,  nono,  becoming  faintly 

tarty  on  heating. 
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HOI-YOKE, 

Microscopical  Examination  of  Water  from  Various  Sources,  collected  during  an 
Investigation  for  an  Additional  Water  Supply  for  Holyoke  —  Concluded. 

[Number  of  organisms  per  cable  centimeter.] 


1S93. 


Aug. 


Aug. 


Aug. 


Aug. 


Aug. 


Nov. 


PLANTS  — Con. 
CyanophyceeB, . 


Anabsena,  . 
Chroococcas, 
Clalhrocystls, 
Oecillaria,   . 


Alg®* 


Closteriam, 
Conferva,    . 
Cosmarium, 
Pediastrum, 
Raphidiam, 
Spnaerozosma, 
Staurastrum, 
Zoospores,  . 


Fungi, 


Beggiatoa,  . 

Crenothrix, 

Molds, 


0 

1 

0 

1 

2,083 

0 

0 
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0 

2,080 

0 
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0 

1 

0 
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0 

0 

0 

3 

0 

I 
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0 

0 

0 

IS 

0 

0 

23 

0 

0 

0 

0 

2 

0 

0 

0 

0 

3 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

6 

0 

0 

10 

0 

6 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

2 

0 

116 

IS 

13 

0 

0 

0 

1 

0 

0 

0 

116 

12 

13 
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0 

0 

0 

0 

0 

0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 


81 

0 
80 

1 


ANIMALS. 


Infusoria, 


Dinobryon, 
Peridiniom, 
Trachelomonaa, 


Vermes, 


An  area, 
Polyarthra, 


0 

352 

0 

0 

57 

0 
0 
0 

12 

840 
0 

0 
0 
0 

0 
0 
0 

0 

56 

1 

0 

0 

0 

0 

8 

0 
0 

0 
0 

0 
0 

0 
0 

2 
1 

0 

1 

0 


0 
0 


Mi*ceU<ineou9t  Zooglcsa, .... 

2 

40 

54 

4 

82 

60 

i 

647 

72 

22 

2,282 

143 

Water  Supply  of  Hudson. 

In  the  early  part  of  1893,  particularly  in  January  and  the  first 
part  of  February,  this  supply  was  affected  by  the  presence  of  the 
organism  Uroglena,  the  most  noticeable  characteristic  of  which  is  the 
oily  odor  which  it  imparts  to  water  even  when  present  in  compara- 
tively small  numbers.  This  organism  was  present  in  the  water  sup- 
plies of  Norwood  and  Plymouth  in  the  years  1892  and  1893,  and  it 
has  been  found  in  other  water  supplies  in  the  State.  A  description 
of  this  organism  and  an  account  of  its  effect  upon  the  taste  and  odor 
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of  water  may  be  found  in  the  twenty-third   annual   report  of  the 
State  Board  of  Health,  for  1891,  pages  645-658.    ■ 

Chemical  Examination  of  Water  from  Gatei  Pond,  Berlin. 


Sept.ie  Diuiuci.  i  slight,    jo. 03  2.;o  ,  i.2o    .ooio;. 0274  .osislooM  .20  !  .ooooLoooo:  .sisa!  o.< 

.1                                                       ,                              '         i                  I1         1           ; 

Dec.  IS  |  7.ill(ht.'V.>ll|bt.l0.l»>  3.10  1  1.S5    .OBw'.OlTO  .014S  .0022      -    .OOOOj.OOOO  .210*1  0.) 
| 0.M    S.4S  1  1. 01   i.0040. 0178. 0146.. 0052    . 2S  '..0Q3»  .0000". lMft  0.1 

Average*  of  Analyses  of  Previous  l'ei 


l*  to  *n*lr«a  of  18W:  Iron,  .0040.  Odor,  genonlly  ngatabl*  or  none.  A  fiintlj-  nllj-  odor  w 
d  In  Not.  SBTS,  M10  nod  10422.  Oo  besting,  a  decldrd  oily  odor  wu  developed  la  the  umpla 
id  between  Juiunry  13  «nd  Ftbrairy  S  IdcImIyo,  ind  la  tbe  urn  pin  collected  on  M»j  21  and  in 
—  TbuMmplei  were  collected  from  lb*  pond  •(  tbe  eurfuce. 
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HUDSON. 

Microscopical  of  Water  from  Gaits  Pond,  Berlin. 


JliHtiiantaui.        .  ]     D 
Zoiiglaa',     '.        '.  1    0 

0 

D 

0 
0 

n    ii 

"1  " 

n 

to 

30 

4f 

.02 
42 

1 

» 

as 

n     i 

o  |  .01 

«o{     a 

M 

■ 

• 
0 

Tot".,                .  '108 

lie 

l-B     «  |  1S»  I  107  i  Ml     1M  |  1T9  !  Ml 

.. 

271      124        58    1,348 

m 
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gloucester. 

Water  Supply  of  Gloucester. 

The  works  of  the  Gloucester  Water  Company  were  taken  by  the 
city  Oct.  1,  1895. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Gloucester, 
relative  to  its  present  and  prospective  sources  of  water  supply,  may 
be  found  on  pages  20-23  of  this  volume.  Analyses  of  samples  of 
water  collected  during  the  investigation  of  the  present  supply  and 
of  the  proposed  sources  of  supply  are  given  in  the  following  tables. 

Chemical  Examination  of  Water  from  Dike's  Brook  Storage  Reservoir,  Gloucester. 

[P»rup*r  loo.ooo,] 


Microscopical   Examination    of   Water  from    Dike's  Brook  Storage    Reservoir, 
Gloucester. 


[Number  of  o 

■"""» 

OTtlmrt. 

1 

IM. 

„> 

Jutr. 

AW 

„,. 

Not. 

D.      fenml  „ik, 

J 

T 

144  Jfl 

um 

14MS 

g 

I"  LA  STB. 

0 

1 

S 

D 

as 
i 

ID 

0 
B 

c    mi 

Cyanophyceee,  lf«rl«noiwdhi, . 

1 
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HUDSON. 

Micro scoj>  ical  Examination  of  Water  from  Faucets  in  Hudson,  supplied  from 
Gates  Pond — Concluded. 

[Number  of  orginlirai  per  cubic  centlmster.] 


Table  shotting  Heights  of  Water  in  Gates  Pond  once  each  Month  during  1893. 

[High- water  murk  ti  14  feet.] 


iMT*.—  IMS. 

;      r«,. 

»., 

.-IMS, 

Put 

Tin 

100 

Joly 

Ocl. 

is, 

15. 

12  14 

% 

! 

io  g 

Mir 

,                           u& 

ion 

, 

1SS 

10  1 

Water  Supply  of  Hull. 
(See  Hxngham.) 


Water  Supply  of  Hyde  Park  and  Milton.  —  Hyde  Park  Water 
Company. 
The  works  of  this  company  for  obtaining  a  supply  of  ground  water 
in  the  vicinity  of  the  Neponset  River  were  enlarged  early  in  1893, 
by  sinking  thirty-three  tubular  wells,  located  between  the  old  systems 
of  tubular  wells  and  the  starch  factory  well  mentioned  in  the  annual 
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HYDE  PARK  AND  MILTON. 

report  of  the  Board  for  1892.  The  new  wells  are  in  parallel  lines 
on  either  side  of  a  suction  pipe  placed  approximately  at  right  angles 
to  the  river,  their  distances  from  the  river  varying  from  sixty-four 
to  nearly  two  hundred  feet.  The  new  wells  are  two  and  a  half 
inches  in  diameter  and  of  various  depths,  ranging  from  about  twenty 
to  twenty-eight  feet.  Twelve  of  the  wells  nearest  the  river  have 
been  disconnected,  but  the  remaining  wells  have  been  in  use  since 
they  were  connected  with  the  pump  in  the  summer. 

The  advice  of  the  State  Board  of  Health  to  the  Hyde  Park  Water 
Company,  with  reference  to  the  use  of  water  from  these  wells,  may 
be  found  on  page  20  of  this  volume,  and"  analyses  of  water  from 
three  are  given  on  page  176.  The  temperatures  of  the  water  in 
the  wells  from  which  these  samples  were  collected  differed  con- 
siderably one  from  another,  and  were  as  follows  :  of  the  well  nearest 
the  river  (No.  5),  forty-nine  degrees;  of  the  well  near  the  middle 
of  the  group  (No.  14),  forty-one  degrees ;  of  the  well  farthest  from 
the  river  (No.  36),  forty-four  degrees. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Hyde  Park  Water 

Company, 

[Parts  per  100,000.] 


a 

a 
25 


c 
o 
•a 

u 


%3 

ss 


Appearance. 


5  i 

2  1  c 

i-  -a  2. 

3  a  o 


c 

© 


=  c 
s  > 

3W 


9871 

1893.    ! 

Jan.    11 

1 

1  None. 

9080 

Feb. 

8 

None. 

10090 

Mar. 

1 

None. 

10224 

Apr. 

10 

i 

None. 

103T3 

May 

9 

1 

|  None. 

10493 

June 

i 
7; 

None. 

10643 

July 

11 

None. 

I 

10758 

Aug. 

9| 

|  None. 

109S8 

Sept. 

i 
i 

[  Distinct. 

11137 

Oct. 

3 

None. 

11318 

Nov. 

9 

None. 

Av. 


None. 

None. 

None. 

None. 

None. 

Nono. 

Slight, 

rusty. 
None. 

Cons., 

rusty. 
None. 

V.  slight. 


0.00 
0.02 
0.03  1 
0.02 
0.01   J 
0.00  I 
0.04  I 

0.02 

i 

0.05 1; 

■I 
0.02; 

0.03 


9.15 
9.50 
8.90 
7.50 
7.25 
7.45 
8.50 
9.20 
8.80 
9.40 
9.20 


Ammonia. 


o 

s 


ll 


i« 


.0056 
•0056 
i  .0022 
.0014 
.0012 
.0024 
.0030 
.0054 
.0014 
.0030, 
.0034 ! 


c 


.0044  1.30 
.0024  I  1.36 
.0002  I  1.19 


.0016 


0.96 


.0012   0.91 
.0034   0.92 


.0044  I1  1.10 


.0048 


1.33 


.0056  1.36 
.0044  '  1.26 
.0030  !  1.44 


Nitrogen 
as 


5 
55 


.0120 
.1000 
.0750 
.1100 
.1100 
.0900 
.0900 
.0900 
.0900 
.0800 
.1200 


0.02  .  8.62  I  .0031  i  .0032   1.19 


.0879 


.0003 
.0005 
.0004 
.0001 
.0001 
.0001 
.0000 
.0003 
.0001 
.0001 
.0001 


6 


=5 

K 

© 


.0592 
.0006 
.0504 
.0766 
.0876 
.0839 
.1095 
.1282 
.1716 
.1155 
.1360 


« 

I  i  e 

*  i  S 

3  !  m 


4.3  1.0160 
4.9  1.0170 

4.4  .0160 

3.0    .0100 

i 
2.9  1.0050 

3.0  j.0040 

8.5  .0125 


3.9 
4.1 
2.6 
4.0 


.0002  '  .0976    3.7 


.0040 
.0350 
.0015 
.0025 

.0113 
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HYDE  PARK  AND  MILTON. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Hyde  Park  Water 

Company — Concluded. 

Averages  of  Analyses  of  Previous  Years. 

[Parti  pa  100,000.] 


i  June  anrl  September.              ||  Two  •ample*  la  July. 
Note  to  »nsl>-iea  of  1803:  Odor.  none. The  umpire  were  collected  from  a  feucel  el  the  pumping 

Microscopical  Examination  of  Water  from  the  Tubular  Wells  of  the  Hyde  Park 
Water  Company. 

[Number  of  oiHKUl.me  p*r  cubic  ce 
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HYDE  PARK  AND  MILTON. 

Chemical  Examination  of  Water  from  Faucets  in  Milloji,  supplied  from  the 

Works  of  the  Eyde  Park  Water  Company, 

[Parts  per  100,000.1 


• 

e 

AfPKABANCK. 

1 

1 

itlon.  | 

1 

.    Ammonia. 
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AS 

1      = 

1 
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1  I  : 

• 

1            "* 

1          mm  J* 
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1 
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1 

1 

• 
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1*93. 

1 
I 

1 

9939 

Jan.   25 

None. 

.  None. 

0.00 

8.S5 

.0004 

'.0022 

1.2S  ' 

.0850 

.0000 

.0584 

4.4 

.0010 

10050 

Feb.   27 

None. 

None. 

0.0:i 

8.25 

'.0008 

.0018 

1    1.20    : 

.0850 

.0000 

.0504 

'  4.3 

.ooou 

10163 

Mar.   22 

None. 

iV.sliifht. 

O.oO 

K.10 

.IMKK> 

1.0020 

1.11 

.0600 

.0000 

...0504 

8.6 

.ooa 

10210 

Apr.     4 

None. 

,  Slight. 

iO.OO' 

7.25 

.0000 

.0018  . 

0.89  ' 

.0800 

.0001 

''.OSS? 

2.9 

.004* 

10357 

May     4 

None. 

None. 

0.02 

t .  id 

'.0006 

.0044 

0.92 

.1100 

.0000 

.0547 

3.2 

.oos 

10497 

June     7 

None. 

j  None. 

0.00 

6.90 

.0004 

1.0010  ' 

1  0.96 

.080U 

.0000 

.0469 

2.9 

.OOM 

10614 

July     5 

None. 
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0.03 

7.00 
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,.0018   ; 

:  1.09 

.0800 
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,1.0803 

3.6 
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10708 

Auv.     8 

None. 

1  None. 
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s.80 

1.0004 
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1.31 

,.0900 
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1  .0814 

3.3 
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11047 

Sept.  IS 

None. 

1  None. 

0.02 

S.70 

i.OOlO 

'.0040 

1.28 

.0900 

.0000 

'.1107 

8.5 

.0080 

11220 

Oct.    17 

None. 

•^sone. 

'0.00 

0.00 

.0000 

.0030  , 

'  1.33 

.0900 
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1-0972 

3.8 

j.GOSO 

11374 

Nov.  21 

None. 

1  None. 
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fi.55 
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,.0028 

,  1.35 
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1.1050 

3.6 

.0030 

11514 

Dec.    18 

'  None. 

j  None. 

0.00 

1 

0.01 

1 
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'.0004 

1 

.0O2S 
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1.40 

i 
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!.0800 
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|.10&t 

3.8 
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Av... 

'.0u25 

.0858 

1 
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1.0738 

3.6 

.(MM 

1 

Odor,  none. The  Maniples  wore  collected  from  faucet*  on  Adam*  Street,  generally  in  the  offloe 

of  the  Milton  Water  Company. 


Microscopical  Examination. 

No.  10210,  Fund,  CrtnothrU,  *. 

Noa.  10357,  107GS  and  11220,  Miscellaneous,  Zooglaa,  2. 

No  organisms  were  found  in  the  remaining  Kimplcs. 


Chemical  Examination  of  Water  from  Three  of  the  New  Tubular  Wells  added  to 
the  Works  of  the  Exjdc  Park  Water  Company  in  1893, 

[  Part*  per  100,oo0."j 
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1803. 


'  i     ■    '    ■     >    :    'l    !    ■ 

10455    May    29 ,  Distinct.    Con., yd-  0.05  ■  7,80     .0456    .0018  '.      .77  ',.2000  ..0005  !  .0376  '  1.9    .0770 

i                    ,iowi,*h.  i,                    :       ■!      !       ,i 

10450    May    20 1  None.       !V. alight.  0.01  4.10  ,  .0000    .0004    ,     .73  .1.0500  1.0000     .0113     1.3    .0050 

I             ..              i  .,                                     ■         ,         i; 

10457,  May   29    Distinct,    Conn.,  0.01,  5.10  '  .0008    .0008   '     .94    '.0500  '.0000     .0263  t  1.4    .0050 
clayey. '     clayey.                          I             i                         i'            '             ■ 


Av ■ 0.02       5.67  i  .0155    .0010 

i  i 


.81     .1000    .0002  ,  .0250  ,  1.5     .0200 


Odor,  none. The  firnt  sample  was  collected  from  well  No.  5,  one  of  the  wells  nearest  the  river 

and  distant  from  it  about  hixty-fowr  feet ;  the  second  sample,  from  well  No.  14,  one  of  the  wcIIh  near  the 
middle  of  the  group  and  distant  about  one  hundred  and  four  feet  from  the  river;  the  last  sample,  from 
well  No. 36,  one  of  the  well*  farthest  from  the  river  and  distant  from  it  about  one  hundred  and  ninety- 
six  feet. 

Microscopical  Examination . 

No.  10455,  Miscellaneous,  Znoptoa,  144. 
No.  10456,  Diatooiacete,  Fragilariu,  10. 
No.  10457,  No  organisms. 
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HYDE  PARK  AND  MILTON. 

Chemical  Examination  of  Water  from  the  Neponset  River  at  Hyde  Park. 
[Puu  par  loo.ooo.] 


Average*  of  Analyses  of  Previous  Years. 


je  to  Decembat.  •   August  and  September.  +  July. 

y«i  of  1W3 :  Iron,  .0301.  Odor,  generally  decidedly  vegetable  and  musty,  sometime! 
jBensive.  On  heating,  the  odon  are  generally  etronger  and  more  frequently  die. 
nlve. The  samples  were  collected  from  the  river  opposite  the  works  of  the  Hyde 
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HYDE  PARK  ASH  MILTON. 

Microscopical  Examination  of  Water  from  the  Ncpoiuet  River  at  Hyde  Park. 

[Number  of  oigaulim*  per  cubic  centimeter-] 
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IPSWICH. 

Ipswich. 
Chemical  Examination  of  Water  from  Dow'*  Brook  and  Egypt  River,  Ipswich. 

[Parte  per  100,000.] 


Mo.  11228,  Iron,  .0300;  No.  11225,  Iron,   .0140.    Odor  of  tha  Brat  eample,  none,  becoming  faintly 

vegetable  an  honing;  of  ilie  list  laraple,  dlallncily  vegetable. Tbc  flntiamplo  wu  collected  from 

Dot'i  Brook  al  a  point  a  nhnrt  dl.tsnce  above  111  mouth ;  the  lait  aampla,  from  Egypt  ltlver  or  Boll 
Brook,  b  short  dliuiu  above  iho  mouth  of  Dow'i  Brook.    The  umplee  were  collected  during  u> 

Microscopical  Examination. 

No.  11M0.   Dlatomaean,  Synedra.l.   Fnngl,  Orenothrbe,  H.  Mi>ceII»iieon«,  ZoSgiaa,  12.  Total,  51. 
No.  11*24.    DUtom.ces,  AUerloneUa,  1;   rofiiHaHa,  2.     Fdngt,  OtMttffe,  «-     Mlecellaneoue, 
Zaigbia,  1.     Total,  SO. 

Water  Supply  of  Kingston. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Kingston, 
with  reference  to  taking  an  additional  supply  of  water  for  the  town 
from  Jones  River,  may  be  found  on  page  21  of  this  volume. 

Lakeville. 
Chemical  Examination  of  Water  from  Long  Pond,  Lakeville. 


r  enpply  for  New  Bedford. 

Microscopical  Examination, 
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HATFIELD. 

Chemical  Examination  of  Water  from  Running  Gutter  Brook,  Hatfield. 

[Futi  |*r  100,000.] 


Microscopical  Examination. 

DUtomaoee,  CbcnMMlt,  1.    All",  Pralocoeat*.  1.    Told,  1. 


Water  Supply  of  Haverhill. 

In  1895  an  additional  supply  of  water  was  introduced  into  the 
city  of  Haverhill  from  Eaat  Meadow  River  in  the  north-easterly  part 
of  the  city,  and  a  storage  reservoir  was  constructed  upon  the  stream 
at  Millvale,  about  half  a  mile  from  the  point  where  it  enters  the 
Merrimack  River. 

The  reservoir  has  an  area  of  about  50  acres  and  a  capacity  of 
about  125,000,000  gallons.  Its  maximum  depth  at  high  water  is  15 
feet  and  its  average  depth  7  feet.  It  was  thoroughly  prepared  for 
the  storage  of  water  by  removing  the  soil,  mud  and  vegetable  matter 
from  the  area  to  be  flowed. 

The  water  from  this  source  is  pumped  into  the  easterly  end  of 
Kenoza  Lake  through  a  24-inch  main  about  one  mile  in  length, 
the  surface  of  Kenoza  Lake  at  high  water  being  18  feet  above  the 
high-water  level  of  the  Millvale  Reservoir. 

The  watershed  of  East  Meadow  River  tributary  to  the  Millvale 
Reservoir  has  an  area  of  7.75  square  miles,  on  which  there  is  a 
very  small  population.  There  is  one  small  pond  on  the  watershed 
about  3  miles  above  the  reservoir,  and  there  is  a  considerable  area 
of  swamp  in  the  vicinity  of  the  river,  a  large  portion  being  located 
within  a  short  distance  of  the  reservoir. 
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lawkesce. 
Water  Supply  op  Lawrence. 

As  already  stated  in  a  previous  portion  of  this  report  (page  3), 
a  filter  having  an  area  of  two  and  a  half  acres  was  constructed  by 
the  city  of  Lawrence  during  the  past  year,  at  a  cost  of  about  sixty- 
five  thousand  dollar*,  and  since  its  completion  in  September  the 
water  supplied  to  the  city  has  been  filtered. 

The  reply  of  the  Board  to  an  application  from  the  city  of  Law- 
rence for  information  as  to  tbe  results  of  the  filtration  of  its  water 
supply,  after  the  filter  had  been  in  use  a  little  more  than  two  months, 
may  be  found  on  page  22  of  this  volume. 

A  more  complete  description  of  the  filter  with  a  statement  of  the 
results  obtained  by  its  use  will  be  found  in  a  subsequent  portion  of 
this  report,  also  additional  analyses  of  tbe  Lawrence  water  made  at 
the  Lawrence  Experiment  Station. 

Chemical  Examination  of  Water  from  the  Merrimack  River  above  Lawrence, 
opposite  the  Intake  of  the  Lawrence  Water  Works. 

[Put!  pet  100.00*.] 


■K-  =i'i-         IM-.J-. 


Iron.  .0130.    Odor,  vegetable  and  maity. Tha  ismpk>i  »are  collected  fro 

the  Intake  of  the  Lawrence  Water  Worke,  abiral  one  fool  beneath  the  enrfeee. 
quantity  of  water  flawing  In  the  river  on  datei  when  umplee  of  water  were  telle 
pate  IB*.  For  a  lammary  of  the  analvaei  of  prevlom  yeare,  aee  "  Merrimack  Rive 
•■  Examination  of  Rivera." 
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LAWBENCE. 

Microscopical  Examination  of  Water  from  the  Merrimack  River  above  Lawrence, 
opposite  the  Intake  of  the  Lawrence  Water  Works. 


n  i     41     o .     o  i     i 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  183 

LA  WHENCE. 

Chemical  Examination  of  Water  from  the  Force  Main  at  the  Pumping  Station 
of  the  Lawrence  Water  Works. 

[FlIU  per  100,000.] 


Averages  of  Analyses  of  Previous  Years. 


•  Thli  umpl*  wo  collected  on  the  day  when  the  new  filler  wu  flnt  operated,  and  repreienta  the 
ret  water  thai  puled  through;  It  [e  abnormal  on  thii  account,  and  la  therefore  omitted  from  the 
tragi.  t  June  to  December. 

Son  to  unity™  of  U93;  lion,  .0168.    Odor,  vegetable  and  rauety,  occasionally  none. The 

m,  repretenl  a  mixture  of  water  from  the  riser  and  the  attar-  gal  lory,  tbongh  hut  a  email  portion  of 

ic  rlTer  after  paulng  through  the  new  filter.    The  odor  of  the  filtered  water  wae  vegetable  but  never 
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LAWRENCE. 

Microscopical  Examination  of  Water  from  the  Force  Main  at  the  Pumping  Station 
of  the  Lawrence  Water  Works. 

[Number  of  orgmnlHm  pec  entile  sentlmeter.j 
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LAWBESCE. 

Chemical  Examination  oj  Water  from  the  Distributing  Reservoir  of  the  Lawrence 
Water  Works. 

[Curt*  per  100,000.] 


Averages  of  Analyses  of  Previous  Years. 


Non  to  mnaly.ea  Of  1883;  Iron,  .0117.  Odor,  generally  dirt! net];  vegetable,  frequent!;  inonldy. 
—  The  iiiipln  were  uollec ted  from  a  fullest  1.1  tbu  gUa.lloUH  and  ropraaent  wilir  flowing  oat  of  the 
jMi-rolr.  After  September  20,  the  reeerrolr  wu  mpplled  with  filtered  water,  ud  the  mouldy  odor 
u  not  noticed  after  that  dale. 
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LAWRENCE. 

Microscopical  Examination  of  Water  fr 


the  Distributing   Reservoir  of  tht 
Lawrence  Water  Works. 

imber  of  orgulimi  per  cubic  «di1  meter.] 


Volume  of  Water  flowing  in  the  Merrimack  River  at  Lawrence  on  the  Dates  what 
Samples  of  Water  were  collected  for  Analysis. 


DESK 

3SE 

DAT*. 

HlUUKlCI  BlVM  a 

""" 

;;Sr 

Wt 

BmnetTOM 
D»y. 

FlDWdWlDI 

Jen.  19,             ."       . 
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■  BBI-Cod. 
Joly" 

M*o 

2.2W 

Feb. IS 

T.2W 

7.S80 

Aug.  23 

4,100 

3fiH 

Mar.  I.", 

IS.  770 

22.160 

Sept.  21 

S.920 

a.ooo 

April  19 

19,  190 

17,100 

Oct.23 

4,8» 

3.IW0 

May  IT 

22,600 

=1,900 

Nor.  22 

3,230 

s^" 

J"ne21 

4.T8Q 

B.M0 

Dec.  20 

7,790 

**• 
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leicester. 
Water  Supply  of  Leicester. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Leicester  Water  Supply 
District. 

[Flrti  par  100,000.] 


at  So.  1027S,  faintly  mmly,  becoming 

lug  um plea,  none. The  flret  two  laniplei  were  coi 

I  iwo-lnch  wroughtlron  pipe,  lending  from  the  end  ol  ■  all 

Imiccu  In  tho  village. 


hemllna;  of  So.  US37,  faintly  vegsuhle  ;  ol 
.  , .  *-~5et  mppUed  through 


Microscopical  Examination  of  Water  from  the  Wells  of  the  Leicester  Water  Supply 
District. 
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ijeomix8teb. 

Water  Supply  of  Leominster. 
Chemical  Examination  of  Waterfront  Haynes  Reservoir,  Leominster. 

[Part*  par  100,000.] 


Averages  of  Analyses  of  Previous  Years. 


Note  t 

o  annly.cn  of  1893; 

IrOD.   .0133.     Odor,   generally  distinctly  vegetable,  tomelimei  alio  on. 

d  healing  Ihe  odgr  : 

.  stronger,  and  In  the  flrat  and  laat  ■amplai  al»  disagreeable. The 

.ample,  we 

earfacs. 

Ever  >li 

]ee  Ihe  elemlnntlon 

>  ol  i be  water  or  thl.  reaervolr  wen  begun.  In  1867,  It  baa  contained  an 

rowth  or  organUmi 

In  Iheaummer  and  autumn,  which  are  the  cauee  of  the  high  aLbnmlnold 

iowd  In  the  Ubiee 

portloD  of 

Imum  depth  of  12  feet,  without  removing  the  itumpe  ol  tree*  or  the  aoll; 

•nd  U  i.  ol 

Inloreet  to  note  tint 

although  the  reeorvolr  hu  been  flooded  for  twenty  yeart,  the  water  hai 

dol  ehown  1 

my  Improvement  In 

quality  within  the  time  covered  by  the  examlDMlona, 
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LEOMIKSTBB. 

Microscopical  Examination  of  Water  from  Haynes  Reservoir,  Leominster. 
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LEOMINSTER.  , 

Chemical  Examination  of  Water  from  Morse  Reservoir,  Leominster. 
[Parti  per  lM.OOO.] 


Iron,  .011*.    Odor 


nelly  vegotable,  becoming  fnl 


r  00  beating The  wbdIh 

ud  higher  dam,  Inereaatng  In 


Microscopical  Examination  of  Water  from  Morse  Bescrvoir,  Leominster. 
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UIOMIN9TEK. 


[Number  of  orgmnbnu  par  ™bto  ceD11n»l«.] 


u«. 

*.. 

March. 

lilj. 

Jul/. 

Sepr- 

wm. 

ANIMALS. 

Bhizopoda,  Aetloophryi,  . 
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C 

pr. 

1 

0 

• 
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> 

pr. 
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H 

•      0 

1 

DiDobrjon, 

8 

1 
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% 

" 

j 

6 

Vermes,  Rotifer 

0 

9 

D 

< 

1 

1 

JflactUancOK*,  Zoog1«» 

so 

34 

It 

« 

48 

38 

., 

3S 

772 

1H 

83 

HS 

Water  Supply  of  Lexington.  —  Lexington  Wateb  Company. 
The  advice  of  the  State  Board  of  Health  to  the  Lexington  Water 
Company,  with  reference  to  an  additional  water  supply,  may  be 
found  on  page  23  of  this  volume. 

Chemical  Examination  of  Water  from  the  Covered  Gallery  of  the  Lexington 
Water  Company. 

[Parti  par  100,000.] 


A  gallsry,  which  !■  located  1,540  fi 


Microscopical  Examination, 
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HOLTOKE. 

Microscopical  Examination  of  Water  from  Wright  and  Ashley  Ponds,  Uolyoke  — 
Concluded. 


[Number 

f  organlama  per  cubic 

centimeter.] 

ISM. 

*-. 

Feb. 

Ml- 

Jont 

Sept. 

Hot. 

[>R 

PLANTS  — Con. 
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SO 
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ANIMALS. 

» 
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I 

a 

0 

1 

D 

■ 
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0 
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a 

0 
0 

M 

* 

IS 

« 

1 

■ 

0 

T 

40 

X 

i«i 

411 

- 

0 

Chemical  Examination  of  Water  from  Tucker  and  Manhan  Brooks,  Southampton. 
f  Part  a  per  loo.ooo.) 


Odorof  tbeflrat  eample,  none;  of  the  Becood,  faintly  vegetable,  becoming  atron, 
tbe  third,  faintly  mooldy,  of  tbe  lael,  faintly  vegetable,  becoming  atrongar  and  alao 

The  Brat  aamplewaa  collected  from  Tucker  Brook,  t  mile  above  111  function  wli 

tbeeeoond,  from  Tuoker  Brook,  j  in  t  above  Ibe  Junction;  the  third,  from  Uuhan  B 
1U  Junction  with  Tuoker  Brook;  and  Ibe  laat,  from  Manhan  Brook,  Juat  above  the  ]t 


Ad  lualgulflcut  u 


Microscopical  Examination. 

of  orgiulami  iu  found  In  each  of  Iheae 
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LOWELL, 

Chemical  Examination  of  Water  from  the  Merrimack  River  above  Lowell,  opposite 
the  Intake  of  the  LoweU  Water  Works. 

(Piru  par  100,000.] 


Iron,  .0193.    Odor  generally  dlitloclly  mouldy  or  rauMy,  mid  frequently  alto  vegelnble. The 

For  ■  .qmowry  of  inii)>»' Vf  "prevlout  yuan  tea  "  Merrimack  ftive'r"  In  lbs  chapter  on  Examine- 
lion  o(  Riven,  In  ■  iub.eqi.eni  portion  ol  Mi  report. 

Microscopical  Examination  of   Water  from  the  Merrimack  River  above  Lowell, 
opposite  the  Intake  of  the  Lowell  Water  Work*. 

[Number  of  organ  lama  per  cubic  centimeter.] 
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HUBSOW. 

Microscopical  Examination  of  Water  from  Gate*  Pond,  Berlin. 

[Number  of  argiDUmi  par  cubic  t 


5    i  i 


Table  showing  Heights  of  Water  in  Gales  Pond  Each  Month  during  1895. 

Hat*.— ISM. 

TtM. 

D4TI.-1SM. 

Fset 

Jin.     19 

Feb.     16 

Murch  11 

April   IS 

IS.  it ;:::::   : 

B.8 

s'a 

10  Is 

July   IS, 

Btpt.  II,  '.       '.       '.       '.       '.       '.       '. 

itoV.  it, !."."!!     '     ! 

Deo.    It 

W.t 
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LYNN. 

Water  Supply  of  Lynn. 
The  advice  of  the  State  Board  of  Health  to  the  city  of  Lynn,  with 
reference  to  increasing  its  water  supply  by  taking  water  from  the 
Saugus  River  and  its  tributaries,  may  be  found  on  pages  25—28  of 
this  report. 

Chemical  Examination  of  Water  from  Breed'*  Pond,  Lynn. 

[Ait*  par  100,000.] 


Averages  nf  Analyses  of  Previous  Years. 


3.    Odor,  vefetabla  and  occasionally  alao  mouldy  and  oBplmaant 
;led  from  the  pond  Dear  tba  gala- boon  about  one  loot  beneath 
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Microscopical  Examination  of  Water  from  Breed's  Pond,  Lynn. 
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HYI>E  PABK  AND  MILTON. 

Chemical  Examination  of  Water  from  the  Neponset  Biver  at  Hyde  Park. 

[Parte  par  100,000.] 


•  June  to  Dtantai.  f  Ad(-ait  mod  SapUmber.  I  July. 

Note  to  analyua  of  IMS:  Odor,  generally  decidedly  vegetable  and  ninety  or  dlaagreeeble,  and 

oceulonally  offenilTe. The  (ample*  mm  collected  from  the  river,  oppoalla  the  worke  of  the  Hyde 

I'm*  WaMr  Company.    TtM  river  !•  not  naed  dlraatly  u  a  aouroe  of  wtltr  supply . 
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HYDE  PAHK  AND  MILTON. 
Microscopical  Examination  of  Water  from  the  Ncpomct  Biver  at  Hyde  Fart. 

[Number  of  orgtntuni  par  entile  oanLlmetar.] 
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LYNN. 

Chemical  Examination  of  Water  from  Waiden  Pond,  Lynn. 

[Tails  per  100,000.] 


Averages  of  Analyses  of  Previous  Years, 


DHd  Id  making  [lie  avenge  given  el  the  t 

Not*  to  unifies  of  ISM;  Iron.  .0231 
beating.  Ibe  odoi  1-  lomswhel  stronger. - 
hoow,  one  foot  beneath  the  .urface. 
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Microscopical  oj  Water  from  Walden  Pond,  Lynn. 
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LYNN. 

Chemical  Examination  of  Water  from  Glen  Lewis  Pond,  Lynn. 

Tim  per  100.000.] 


Averages  of  Analyses  of  Previous  Years. 


collected  from  tha  pond  at 


STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 


IPSWICH. 

Chemical  Examination  of  Water  from  a  Spring  in  Ipswich. 

[PmrW  per  100,000.] 


Odor,  none. The  unpin  % 

600  [eel  above  the  upper  eod  of  Ihe 

Microscopical  Examination. 

No.  H3T1.     DUtO(0»ce«.2!/erWi™l*. 
No.  H7M.    No  onanisms. 

Watee  Supply  op  Kingston. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Kingston 

with  reference  to  the  use  of  lead  pipes  in  the  distribution  of  the  water 

supplied  to  the  town  may  be  found  on  pages  30  to  32  of  this  volume. 

t  the  Kingston 


Odor,  verj-  fniotlj-  vegeMbl*. 

Microscopical  Examination. 

FuBiri,  Crtnothrtx,  J. 

Water  Supply  of  Lawrence. 
The  following  tables  contain  analyses  of  the  unfiltered  Merrimack 
River  water,  and  of  the  filtered  water  at  the  pumping  station  and 
nt  the  distributing  reservoir.  The  results  of  more  extended  chemical 
and  biological  examinations  of  the  water  before  and  after  filtration 
through  the  sand  filter  may  be  found  in  a  subsequent  portion  of  this 
report. 
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LYNN. 

Table  shouting  Depth  of  Water  in  Feel  in  the  Ponds  and  Storage  Reservoirs  of 
the  Lynn  Water  Works  on  the  Dates  when  Samples  of  Water  were  collected 
for  Analysis  during  the  Year  1893. 


Breed's  Pond. 

High  Water, 
•21.50  Feet. 


Birch  Pond. 

High  Water, 
•21.50  Feet. 


Walden  Pond. 

High  Water, 
17.00  Feet. 


Olen  Lewis  Pond. 

High  Water, 
17.00  Feet. 


Jan.  10, 


Feb.    9, 


Mar.    7, 

April  6, 
May  8, 
June  0, 
July  5, 
Aug.  8, 
Sept.  6, 
Oct.  4, 
Nov.  7, 
Dec.   6, 


11.96 
12.76 
16.18 
20.25 
21.75 
21.08 
19.83 
17.75 
16.71 
14.50 
10.50 
10.67 


7.64 

8.00 

9.67 

17.08 

22.50 

22.58 

19.71 

15.58 

11.88 

8.92 

7.00 

6.67 


14.60 
12.83 
12.38 
14.50 
16.17 
16.83 
16.67 
16.25 
16.00 
16.58 
15.50 
16.92 


8.54 
6.37 
6.40 
10.67 
16.17 
17.33 
17.25 
17.25 
17.13 
17.00 
17.08 
11.18 


*  The  water  in  these  ponds  is  sometimes  raised  somewhat  above  ordinary  high  water  in  the  latter 
part  of  the  spring  in  order  to  increase  the  storage. 


Water  Supply  of  Malden,  Medfobd  and  Melrose. 

On  Feb.  9,  1893,  when  Spot  Pond  had  reached  a  much  lower 
level  than  ever  before,  the  State  Board  of  Health  addressed  a 
communication  to  the  Water  Boards  of  Maiden,  Medford  and 
Melrose,  urging  the  necessity  of  taking  immediate  measures  for 
increasing  the  amount  of  water  in  the  pond,  and  giving  estimates 
of  the  probable  condition  of  the  pond  on  Jan.  1,  1894,  under 
minimum,  average  and  maximum  conditions  of  rainfall  during  the 
remaining  eleven  months  of  the  year. 

The  estimates  of  the  amount  of  water  which  would  enter  the 
pond  were  based  upon  the  yield  per  square  mile  of  watershed,  as 
deduced  from  measurements  of  the  flow  from  the  Sudbury  River 
watershed  during  the  past  eighteen  years,  and  the  influence  of  the 
evaporation  from  the  surface  of  the  pond  was  also  included.  The 
draft  from  the  pond  was  reckoned  at  600,000  gallons  per  day  for 
each  community,  which  was  about  the  rate  at  which  water  was 
being  drawn  from  the  pond  a  few  months  before.  It  was  urged, 
however,   in  the   communication,   that   this   draft  from  the   pond 
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MALDEN,  MEDFOKD  AND  MELROSE. 

should  be  reduced  by  taking  as  much  water  as  possible  from  sup- 
plementary sources. 

It  is  gratifying  to  note  that  at  the  end  of  the  year  the  quantity 
drawn  from  the  pond  was  119,000,000  gallons  (equivalent  to  a  depth 
of  about  2.5  feet  on  the  pond)  less  than  it  would  have  been  if  each 
of  the  three  communities  had  continued  to  draw  at  the  rate  of  600,- 
000  gallons  per  day ;  the  diminished  draft  being  due  in  part  to  a 
restriction  of  use  and  waste,  but  still  more  to  the  amount  of  water 
supplied  from  supplementary  sources  throughout  the  wrhole  year  at 
Maiden,  and  during  the  latter  part  of  the  year  at  Medford  and 
Melrose. 

The  yield  of  the  Sudbury  River  watershed  during  the  eleven 
months  from  Feb.  1,  1893,  to  the  end  of  the  year  was  very  nearly 
the  same  as  the  average  for  those  months  during  the  preceding 
eighteen  years,  and  with  average  conditions  the  prediction  contained 
in  the  communication  indicated  that  the  quantity  of  water  in  the 
pond  would  be  increased  46,000,000  gallons  on  Jan.  1,  1894,  upon 
the  assumption  that  600,000  gallons  per  day  would  be  drawn 
by  each  community.  To  this  quantity  should  be  added  the  119,- 
000,000  gallons  due  to  the  smaller  draft  from  the  pond,  making 
165,000,000  gallons  as  the  increased  amount  that  should  be  in  the 
pond  on  this  date,  according  to  the  prediction. 

By  consulting  the  records  of  the  height  of  the  pond,  it  was  found 
that  it  contained  184,000,000  gallons  more  on  Jan.  1,  1894,  than 
on  Feb.  1,  1893,  which  showed  a  difference  between  the  predicted 
yield  in  an  average  year  and  the  actual/yield  of  only  19,000,000 
gallons ;  by  taking  into  account  the  slight  variation  in  the  yield  of 
the  Sudbury  River  during  these  eleven  months  from  the  yield  during 
the  same  months  in  an  average  year  a  still  closer  agreement  was 
found.  This  is  a  further  confirmation  of  what  has  already  been 
well  established,  namely,  that  the  capacity  of  this  source  may  prop- 
erly be  reckoned  upon  the  basis  of  the'size  of  its  watershed,  assum- 
ing that  the  flow  from  each  square  mile  is  the  same  as  from  the 
watershed  of  Sudbury  River. 


\ 
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MALDEN,  MEDFOHD  AND  MELROSE. 

Chemical  Examination  of  Water  from  Spot  Pond,  SUmeham. 

[Parti  per  100,000.1 


Averages  of  Analyses  of  Previous  Years, 


with  the  avrngH  of  i 
;b  in  doubttMi  due  lo  Ibe  fuel  lh«t  durli 
car/  ranch  below  high  water  mirk. 
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MALDEN,  MEDFOHD  AND  MELROSE. 

Microscopical  Examination  of  Water  from  Spot  Pond,  Stoneham. 


Table  showing  Heights  oj   Water  in  Spot  Pond  on  the  Dates  when  Sample*  of 
for  Analysis. 
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Water  Supply  of  Malden. 

Chemical  Examination  of  Water  from  Tubular  Welts  at  Webster  Park  (Eaton'* 
Meadows),  Maiden. 

[Parti  per  100,000.] 


Averages  of  Analyses  oj  Previous  Years. 
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MALDEHT. 

Microscopical  Examination  of  Water  from  Tubular  Wells  at  Webster  Park  (Eaton's 
Meadows),  Maiden. 

[Number  of  orgenlenie  per  cubic  centimeter-] 


Water  Supply  of  Manchester. 
Chemical  Examination  of  Water  from  the  Well  of  the  Manchester  Water  I 

[Peru  per  100,000.] 


1 
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3.S 

nmt 
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Odor,  none. The  umplei  were  collected  from  tbe  veil. 

Microscopical  Examination, 

No.  10042.    Ulecelleoeoae,  Zo'-glaa.  2. 

No*.  10469  end  I13M.    MlBCclleneoLU,  Zovgtaa,  1  In  c.cb. 

No.  11080.    No  orginfiius. 
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mar  blehead. 
Water  Sufplv  of  Mabblehead. 

The  works  from  which  the  water  supply  of  Marblehead  is  drawn 
were  enlarged  in  1892  by  the  addition  of  a  group  of  five  tubular 
wells  situated  about  800  feet  south-east  of  the  pumping  station. 
The  depth  of  the  wells  varies  from  25  to  53  feet.  From  April  until 
November,  1893,  water  from  these  wells  was  pumped,  by  means  of 
an  auxiliary  pump,  into  the  large  collecting  well  near  the  pumping 
station.  In  1893  a  further  addition  to  the  works  for  obtaining  a 
supply  of  ground  water  was  made  by  the  construction  of  a  small 
collecting  well  about  eight  feet  in  depth,  near  a  small  pond,  and  a 
short  distance  from  the  tubular  wells  just  described.  This  well  was 
completed  about  Nov.  1,  1893,  and  has  been  connected  with  the 
large  collecting  well  by  a  siphon. 

The  driven-well  system  in  the  marsh  near  Loring  Avenue  has 
been  reconstructed,  and  during  1893  water  has  been  drawn,  when 
necessary,  from  39  tubular  wells  in  this  vicinity.  The  water  of 
these  wells  is  affected  by  their  proximity  to  the  sea,  and  the  large 
amount  of  chlorine  present  at  times  in  the  water  supplied  to  the 
town  is  due  chiefly  to  the  use  of  water  from  this  source. 

The  large  collecting  well  constructed  in  1890  continues  to  be  the 
chief  source  of  supply,  and  at  times  furnishes  all  of  the  water  used 
by  the  town. 


[ParU  per  100,000.] 


IUM  on  « 

po.nre  M  UW  •■ 

r,  miking  Ih. 

i  waler  eomewhm  turbid  and 

Microscopical  Examination . 

Kg.  11091. 

Sa.  mm. 

Ku.  1HTO. 

Mticellmiiemii 
M  laceLlanpoua 

:SBfti 

mailer,  200. 
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MABBIEHEAD , 

Chemical  Examination  of  Waterfront  the  SmaU  Collecting  Well,  Marblehead. 

[Parti  par  100,000.] 


Odor,  faintly  nnpIuMUt,  dlaappearloe;  on  heating. Ths  unple  wu 

Microscopical  Examination. 

Ulicellaneooe,  ZoOghaa.  1,040. 


■d  from  the  will. 


Chemical  Examination  of  Water  from  Groups  of  Tubular  Wells  of  Ike  Marblehead 
Water  Works. 


P.rup. 
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.0110    .0000 

17.82 
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on  p  of  thirty  .nine  tabular  welle  naar  Lorlaj 
<eated  lOQth-eoat  of  the  pumping  itatloo. 
elli  made  In  ISM  may  be  found  on  page  1? 


Microscopical  Examination. 

Ko.llOSO.    Fungi,  Cr/noMrtx,  MOO;  Mlacellunoni,  taSglaa,  1W.    Total,  S.TOO. 

No.  11003.    HlKcellaneone,  Zo.-.gtaa,  MO. 
NO.  lllSo.     M  l.coliineom,  Zu-glua,  804. 
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mabbLehead. 

Chemical  Examination  of  Water  from  the  Wells  of  the  MarbUhead  Water  Works. 

[Pirti  per  100,000.} 


nsionally  ao  earthy  odor  la  developed  OP  taaallng. The  HDiplea  were  collected 


Water   Supply   of   Marlborough. 

At  the  beginning  of  1893,  the  new  works  to  furnish  an  additional 
supply  of  water  for  the  city  of  Marlborough  from  Millbam  Brook 
were  nearly  completed,  and  they  were  finished  in  season  to  permit 
the  pumping  of  38,000,000  gallons  of  water  (nearly  a  quarter  of 
the  total  amount  consumed  by  the  city  in  1892)  during  the  spring, 
when  the  How  in  the  brook  was  large.  Of  this  amount  20,000,000 
gallons  were  pumped  directly  into  the  distributing  reservoir  and  the 
remainder  into  Lake  Williams,  which,  at  the  beginning  of  the  year, 
was  at  a  much  lower  level  than  ever  before.  During  the  month  of 
April  the  city  was  supplied  wholly  with  water  from  Millbam  Brook. 

The  additional  water  works  at  present  consist  of  a  very  small 
reservoir  on  Millbam  Brook,  a  pumping  station  near  the  reservoir, 
and  a  force  main  from  which  water  can  be  discharged  either  into 
Lake  Williams  or,  by  means  of  a  connection  with  the  original  force 
main,  into  the  distributing  reservoir. 
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USOMIXSTER. 

Microscopical  Examination  of  Water  from  Eaynes  Reservoir ,  Leominster. 

[Number  of  organisms  per  cable  eentlmeter.] 


1S95. 

Jan. 

March. 

Hay. 

Aug. 

Sept 

Rot. 

Day  of  examination,       .... 

23 
13098 

21 
14018 

28 
14868 

1 

14784 

26 
18242 

27 
16618 

PLANTS. 
Dlatomacera, 

Asterionella,      .       .       .       .       • 
UeluflrH,    ...... 

Kavtcula, 

Synedra, 

Tabellarla, 

Cyanophycera, 

Anabnna, 

Chroococcna, 

Clnihroc>>tta, 

Cceloppbasnum, 

Microcystis, 

Algtt 

Ctosterlum, 

Pedtnstrura, 

Pmtocoocut, 

Bcen«*de*mua, 

Ptaurastrum,  .       .        •       .       . 

Tetraapora, 

Fungi,  Crenothrlx,       .       .       .       . 

ANIMALS. 
Infusoria, 

Ciliated  lnfueorlan,   .... 

Plnobryon 

Dinobryon  cases,       .... 

Knglena, 

Malloraonas, 

Perldiolum, 

Vermes,  Polyarthra,  .... 


0 

25 

0 

14 

0 

0 

0 

0 

0 

7 

0 

4 

2 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

24 

8 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

24 

0 

0 

184 

8,150 

200 

1,150 

0 

50 

1,750 


150 

0 
0 
150 
0 
0 
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60 
60 

0 

100 

60 

0 


100 
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0 
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60 

0 

0 


2,460 

1,800 

0 

1,000 

60 

100 
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0 

60 

460 

160 

0 

0 


780 

0 
760 
0 
0 
0 


9,800 

0,800 

100 

200 

0 

0 


0 
0 
0 
260 
100 
0 


0 

• 
1 
1 

2 


0 
0 
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0 
0 


0 
0 

• 

0 

1 
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9 

0 

60 

0 

0 

1 

0 

0 

0 

8 

0 

0 

0 

0 

6 

1 

0 

0 

0 

2 

0 

0 

0 

0 

1 

0 

0 

0 

0 

10 

7 

0 

60 

0 

1 

0 

0 

0 

0 

0 
0 
0 
0 
0 
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Jfitcsllaneou*,  Zooglaea,  .... 

0 

112 

800 

0 

0 

2 

68 

883 

8,050 

8,600 

10,700 

7 
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MARLBOROUGH. 

Microscopical  Examination  of  Waier  from  Lake  Williams,  Marlborough. 

[Siimhcr  of  org.ni.mi  per  cnbls  centimeter.] 
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0 

3 

s 

0 

1 

M 

18 

u 

» 

Total 

11 

" 

ts 

Chemical  Examination  of  Water  from  Millham  Brook,  . 

[I'ertu  per  100,000.] 


Microscopical  Examination. 
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MATNARD. 
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Water  Supply  op  Matnard. 


Chemical  Examination  of  Water  from  the  Maynard  Water  Works. 

[PuU  per  100,000.] 


Iron,  .0031.     Odor  of  the  Brit  sample,  faintly  earthy;   of  t 

icond  and  third  aampfoa.  — Tha  flrat  umple  wu  collected  frc 
.rnploa  directly  from  the  pond.    The  difference  between  the  i 


oond,  diHInclly  TegeUbla  atid  n 


Microscopical  Examination  of  Water  from  the  Maynard  Water  Works. 

[Number  of  grganlama  per  cubic  centimeter." 
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MAINAHD. 

Microscopical  Examination  of  Water  from  the  Maynard  Water  Works 
—  Co  no  lud  (;d. 


[Number  o 

organ  lime  per  cubic  cent 

meter.] 
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Medfield. 
Chemical  Examination  of  Water  from  a  Spring,  Medfield. 


[Peru  per  100,000.] 


,  none,  becoming  very  faintly  vegetable  on  halting. The  eample  waa  collected  Iroi 

tr  Vine  Brook  about  a  third  of  a  mile  aboTe  North  Street.    Thli  aprtng  la  uwd  aa  a  aot 
■upply  by  a  large  itraw  factory,  and  by  a  portion  of  the  Tillage  of  Uedneld. 


DUtomacen,  Synrtlra,  1. 


Microscopical  Examination. 


Water  Supply  op  Medfield  Insane  Asylum. 

Description  of  Works.  —  This  asylum  is  a  State  institution  which 

had  not  been  occupied  up  to  the  end  of  1893.     The  water  works 

were  completed  in  September,  1893.     The  supply  is  obtained  from 

a  system  of  20  two  and  one-half  inch  tubular  wells,  located  on 
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exposure  to  the  air,  giving  the  water  at  first  a  milky  turbidity,  and 
subsequently  precipitating  in  the  form  of  a  rusty  sediment. 

Chemical  Examination  of  Water  from  Ike  Merrimack  River  above  Lowell,  opposite 
the  Intake  of  the  Lowell  Water  Works. 

[Put*  par  100,000.] 


Averages  by  Years. 


•  June  la  December,  t  Jmuery  to  May.  J  September  to  Down  her. 

Note  to  sonlfee*  of  IMt :  Odor.  generally  vegetable  and  ninety  or  tnonldy,  eomatlmaa  nnpleuui 
or  dlragrteable. Tin  unpin  Ken  collected  from  toe  river,  ebonl  1  foot  beneath  lha  •orfae*. 

Fur  a  compatlaoo  of  lha  analyata  of  the  river  at  Lowell  and  Lawrence  for  a  aerie*  of  fair*,  ace 
"Herrtmaeb  Blvar"  In  lha  chapter  oo  "  Elimination  of  ill  vera"  In  a  aubecquent  portion  of  that  report. 
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two  feet.  These  are  approximately  in  two  parallel  lines  and  the 
extreme  wells  are  about  three  hundred  feet  apart  in  an  easterly  and 
westerly  direction,  and  one  hundred  and  sixty  feet  in  a  northerly 
and  southerly  direction.  As  these  wells  did  not  furnish  as  much 
water  as  was  desirable,  in  view  of  the  low  level  of  the  water  in 
Spot  Pond,  additional  works  were  constructed  early  in  1894  for 
pumping  water  from  the  unpolluted  upper  portion  of  the  brook. 

Analyses  of  water  from  various  sources  within  the  town  are  given 
below.  Further  information  regarding  the  water  supply  of  Medford 
from  Spot  Pond  may  be  found  on  pages  29-32  and  203,  and  analyses 
of  water  from  the  pond  may  be  found  on  page  205. 

Chemical  Examination  of  Water  from  Tubular  Wells  used  as  an  Additional  Source 
of  Water  Supply  for  Medford. 


ir,  none. The  eamplea  wen  collected  from  a  faucet  lit  the  temporary  pumping  gUUon  while 

g. 

Microscopical  Examination. 

Inalgulllciul  unmber  of  organlemi  were  found  In  the  Brit  and  third  eamplee;  In  the  other!  no 


818  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

MEDFORD. 

Chemical  Examination  of  Water  from  Well*  in  Medford,  collected  during  an 
Investigation  for  an  Additional  Water  Supply. 

[Full  par  100,000.} 


i*  collected  from  a  tubular  well  at  a  doom  on  Fulton  Street  nw  Valief 
■  house  on  Webster  Street  near  Forest  Strut;  tbe  remaining  eamplee 
eatlon  from  which  the  additional  loppl;  of  water  la  drawn. 

Microscopical  Examination. 

I  102M,  no  organlam*.    No.,  MM,  M4T,  9M 


Chemical  Examination  of  Waterfront  a  Brook  near  Forest  Street,  Medford. 

[Pirn  par  100,000.] 


*  collected  from  the  brook  a 
two  beau  pumping  water  f  r 

Microscopical  Examination. 


Water  Supply  of  Melrose. 
Several  communications  of  the  State  Board  of  Health  to  the  town 
of  Melrose,  with  reference  to  taking  an  additional  water  supply  for 
the  town  from  sources  in  North  Andover,  and  from  various  sources 
within  the  town  of  Melrose,  may  be  found  on  pages  34-40  of  this 
volume. 
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In  August,  1893,  an  additional  supply  of  water  was  introduced 
from  a  system  of  tubular  wells,  owned  by  a  private  company,  and 
located  in  the  westerly  part  of  the  town,  near  the  boundary  line 
between  Melrose  and  Stoneham.  The  works  consist  of  a  system  of 
fifteen  two  and  one-half  inch  tubular  wells  varying  in  depth  from 
thirty-five  to  forty-five  feet,  all  located  in  the  vicinity  of  Spot  Pond 
Brook,  north  of  Wyoming  Avenue.  The  wells  are  connected  with 
a  temporary  pump,  and  water  is  pumped  directly  into  the  main  pipe 
in  Wyoming  Avenue,  which  conveys  water  from  Spot  Pond  to  the 
town. 

Analyses  of  water  from  this  source  and  from  other  sources  within 
the  town  are  given  in  the  tables  below.  Further  information  regard- 
ing the  water  supply  of  Melrose  from  Spot  Pond  may  be  found  on 
pages  29-32  and  203,  and  analyses  of  water  from  the  pond  on  page 
205. 

Chemical  Examination  of  Water  jrom  Tubular  Wells  in  the  Valley  of  Spot  Pond 
Brook,  near  Wyoming  Avenue,  used  as  an  Additional  Source  of  Water  Supply 
for  Melrose. 

I  Part,  par  100,000.] 


while  pumping.  . 

Microscopical  Examination. 

A  hw  ZoOglaa  van  found  In  Iha  aamplaa  collected  Id  tb*  latter  part  of  Baplan 
and  November.    Id  Ibe  remalolDg  umplea  do  orgaulrau  want  found. 
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Chemical  Examination  of  Water  from  a  Group  of  Five  Tubular  Test  Wells  near 
Ell  Pond,  Melrose. 


|  Parti  p«[  100.000.] 
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Odor.  none. The  flret  three  eamplee  were  collected  during  ■  pumping  teat  (torn  ■  group  of  fin 

bular  well*  about  fifty  feel  dietant  from  the  northerly  ihore  of  Ell  Pond.  The  flnt  eampla  wai 
illected  Kioniflor  beginning  the  teat  nod  the  third  Bemple  at  the  mid.  iftet  pumping  foorteen  and  a  hiJf 
lya  ml  >  rate  of  about  490,900  gellona  pet  day.  The  laat  simple  wa>  collected  from  1  email  hand  pump 
ter  pumping  a  few  mlnutea  from  one  of  tliewelli.    The  average  depth  of  tbeee  veils  ni  U  feet. 

Microscopical  Examination. 

No.  10541.    Fnngt,  Sptroclirrtn,  2.    No  organlama  were  found  In  the  remaining  lamplea. 


Chemical  Examination  of  Water  Jrom  a  Group  of  Three  Six-inch  Tubular  lest 
Wells  near  Ell  Pond,  Melrose. 


n  Trenont  Street,  Ud 
III  (ample  from  a  pip* 
Ha  after  pumping  for  I 


Microscopical  Examination. 


No.  10512.    Dtaton 
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Chemical  Examination  of  Water  from  Tubular  Wells  in  the  vicinity  of  Spot  Pond 
Brook,  North  of  Wyoming  Avenue,  near  the  Boundary  between  Melrose  and 

Hlontham. 

[Parte  per  100,000.] 


wells  from  which  th«  auxiliary  Illpply 
a. The  eamplei  were  collected  from 


Microscopical  Examination. 

No  orgaolami. 


Chemical  Examination  of  Water  from  Ell  Pond,  Melrose. 

IP.rU  per  100.000.] 


m  collected  from  the  pond  ns 


Microscopical  Examination. 

ilomace*.  AtUrionttla,  24;  Cyetotct/a,  2;  Mtlaiira,  464;  Syntdm,  6.   Cyanophycaai,  ClathrtKV 

Algai,   Chlorocoeeut,  3;    Ctuiltrium,  1;    Protococuu,  3T;   RapMdlum,  3;    Sctnrdennut,  3. 

■la,  Trachilemowt,  14;   Vortictlla,  1.    Ulacellaueoue,  Jciirlnr.,  .02;  Zooglaa,  100.    Total,  047. 
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The  advice  of  the  State  Board  of  Health  to  the  town  of  Mendon, 
with  reference  to  taking  a  water  supply  for  the  town  from  Mendon 
Pond,  also  known  as  Nipmuck  Pond,  may  be  found  on  pages  40-41 
of  this  volume. 

The  advice  of  the  Board  to  the  town  of  Uxbridge  with  reference 
to  the  use  of  this  pond  as  a  source  of  water  supply  for  that  town 
is  given  in  the  annua)  report  for  1892,  pages  46-49.  For  analyses 
of  samples  of  water  collected  from  Mendon  Pond,  see  Uxbridge. 

Watee  Supplt  op  Methuen. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Methnen 
with  [reference  to  obtaining  a  water  supply  for  the  town  from  the 
ground  in  the  vicinity  of  Sargent's  Brook,  and,  subsequently,  with 
reference  to  obtaining  a  water  supply  from  the  ground  in  the  vicinity 
of  the  Spicket  River  near  the  point  where  it  is  joined  by  the  brook 
flowing  from  Harris  Pond,  may  be  found  on  pages  41—42  of  this 
volume.  Works  for  supplying  the  town  with  water  from  wells  in 
the  vicinity  of  the  Spicket  River  were  begun  near  the  end  of  1893. 

Chemical  Examination  of  Water  from  the  Spicket   River  at  Mouth  of  Hams 
Pond  Brook,  and  from  a  Tubular  Welt  in  the  Vicinity. 


he  first  sample,  .0040;  In  the  Jul,  .0270.    Odor  ol  the  tint  ample,  dMlMtly  vegetable  ud 
he  latt  mmple,  Done. The  Brat  unpla  »»  collected  from  Ut*  Spicket  Rivet  near  tba 

brook:  Bowing  f  torn  Harris  Pond;  [be  lait  inmplo,  from  a  tubular  well  near  the  river  In  the 

Microscopical  Examination. 

.   Dlatornaceas,  CgcloUHa,  1.    Algie,  Protococcul,  2;  RapMdlum,  2;  ZoSiporti,  1.   Fungi, 


Bo.  1W1T.    MlMell 
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Chemical  Examination  of  Water  from  a  Brook  and  Tubular  Test  Wells  in  BargenPs 
Meadow,  Methuen. 

[  Parta  par  100,000.] 


Odor  of  [be  Ural  two  u 
ook  Id  Bargeol'a  lleadow, 
rook.    The  leal  two  umplci  wi 

large  pipe  of  a  pump  after  ptiOJ| 


uteri;  part  of  Hethnan.    ThLt  brook  ie  ■  tributary  of  Bear  Meadow 
.  from  lobular  wslla  In  Sargenfa  Maadow;  the  flm  from  a  "inglo 


Microscopical  Examination. 


Water  Supply  of  .  Middleborouqk  Fire  District.  —  Middle- 
borough. 
Chemical  Examination  of  Water  from  the  Well  of  the  Middleborough  Fire  District. 

[Parti  par  100,000.] 


Odor,  none. The  iamplei  wera  collected  from  a  f ancet  at  Iba  pomplog  itatlon  while  pomplng. 

Microscopical  Examination. 

No.ltrl41.    Dlatomeeei»,,4.(fW(m«Ha.3;  Sjmcdro.B.    Total.  I!. 

No. 11013.    Dlatomaee««,«ni.Hfcirta,l;  Fungi,  OrmoMrtr.,  100;  Infneorta,  PtrtdMum,  1.    Total, 

Water  Supply  op  Middleton. 
(See  Danvers.) 


224 
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MILLIS. 

Water  Sdpplt  of  Millis.  —  Millis  Watbb  Company. 
Chemical  Examination  of  Water  from  the  Aqua  Rex  Spring,  Millis. 

[P»n«  par  100,000.] 


Odor  of  No.  11SM,  f»int,  b« 
umplH,  none. The  uniple* 

Microscopical  Examination  of  Water  from  Aqua  Bex  Spring,  Millis. 
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Water  Supply  of  Milton. — Milton  Water  Company. 
The  water  supplied  by  this  company  to  the  town  is  purchased 
from  the  Hyde  Park  Water  Company.  A  statement  in  regard  to 
the  supply  and  analyses  of  the  water  may  be  found  on  pages 
173-176.  Analyses  of  samples  of  water  from  Pine  Tree  Brook, 
and  from  a  test  well  near  it,  made  in  connection  with  an  investiga- 
tion for  a  new  source  of  water  supply  for  Milton,  arc  given  below. 

Chemical  Examination  of  Water  from  Pine  Tree  Brook,  Milton. 

[Psrti  t»r  100.009.] 


Microscopical  Examination. 


Chemical  Examination  of  Water  from  a  Tubular  Test  Well  in  the  Valley  of  Fine 

Tree  Brook,  Milton. 

[Parti  p*t  1QO,soo.] 


Id  Street,  Slid  nbotil  700  Feet  wuti 

Microscopical  Examination. 
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Watek  Supply  of  Turner's  Falls  Fiee  District.  —  Montague. 
Chemical  Examination  of  Water  from  Lake  Pleasant,  Montague. 

[Parte  par  100,000.] 


Averages  of  Analyses  offrevi 


HOTI 
becoming 

13X"'i° 

out 

mtlng"-'  ol 

the  but  i: 

■dlyv 

one. The 

■  Arm 

three  ear 

from  B  fat 

WMUIhapn 

mpie 

■  atatlon. 

;  Analvala  for  thai  month  hai  been 


aample,  atronglv  vegetable  ami  unpleaaant, 
remaining  eamplea,  generally  (mtnUj-  mji- 
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Microscopical  Examination  of  Water  from  Lake  Pleasant,  Montague. 

[Number  of  orguiiama  par  sable  centimeter.] 


-i  ■&  B 


Water  Supply  of  Nahant. 
(See  Swamjacotl.) 

Water  Supply  of  Nantucket.  —  Wannacomet  Water  Company. 
Wannacomet  Pond,  the  source  of  supply  of  this  company,  has 
given  trouble  on  several  occasions  owing  to  the  presence  in  the 
water  of  abundant  growths  of  the  organism  Anabcena,  which  has 
generally  appeared  about  midsummer  and  disappeared  in  October. 
The  pond  is  a  natural  basin  with  sandy  shores  and  a  muddy  bottom, 
having  an  area  of  about  eight  acres  and  a  general  depth  of  about 
fourteen  feet.  It  has  no  visible  inlet  or  outlet  and  is  supplied  with 
water  which  percolates  into  it  from  the  sandy  territory  with  which 
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the  pond  is  surrounded.  In  1891  the  Anabcena  gave  more  serious 
trouble  than  in  any  previous  year,  and  in  order  to  provide  a  remedy 
in  the  event  of  any  recurrence  of  the  trouble  a  filter  was  con- 
structed near  the  shore  of  the  pond  for  use  at  such  times.  In 
1892  the  pond  was  wholly  free  from  these  organisms,  and  there  was 
no  occasion  to  use  the  filter ;  but  in  1893  the  organisms  reappeared 
in  great  numbers,  and  the  filter  was  used  nearly  all  of  the  time  from 
August  8  to  October  18. 

A  description  of  the  filter  and  an  account  of  the  results  obtained 
by  its  use  during  the  period  above  indicated  are  contained  in  a 
paper  read  by  Mr.  W.  F.  Codd,  superintendent  of  the  works, 
before  the  New  England  Water  Works  Association,  and  many  of 
the  following  statements  are  taken  from  this  paper.  The  subject  is 
a  particularly  interesting  one  because  it  is  the  first  attempt  to  filter 
in  this  manner  a  water  containing  large  numbers  of  algce. 

In  constructing  the  filter  a  water-tight  circular  basin  or  reservoir, 
sixty-four  feet  in  diameter  at  the  bottom  and  six  feet  deep,  with 
slopes  of  two  horizontal  to  one  vertical,  was  first  made.  The  bot- 
tom of  this  basin  consisted  of  a  layer  of  puddle,  one  foot  in  thick- 
ness, and  the  slopes  were  formed  of  the  same  material.  In  the 
centre  a  circular  brick  well  was  built  to  collect  the  filtered  water, 
15.25  feet  in  diameter  inside  and  eight  feet  deep.  The  bottom  of 
this  well  is  of  concrete  and  is  somewhat  lower  than  the  bottom  of 
the  filter.  The  construction  of  the  filter  proper  was  then  beguu  by 
covering  the  clay  bottom  with  a  layer  of  sand  one  inch  in  thickness, 
over  which  was  placed  a  layer  of  round  and  broken  stones  about 
two  feet  in  thickness.  Imbedded  in  the  layer  of  stones  are  four 
main  lines  of  twelve-inch  vitrified  pipe,  each  having  six  branches 
extending  out  from  each  side,  designed  to  collect  the  filtered  water 
and  convey  it  to  the  collecting  well.  Above  the  layer  of  stones  is 
a  six-inch  layer  of  gravel,  and  then  a  layer  of  filtering  sand  from 
twelve  to  sixteen  inches  in  thickness,  which  was  placed  in  three 
layers,  each  rolled  with  a  stone-roller.  Wrought-iron  aeration 
pipes,  perforated  with  holes,  three  thirty-seconds  of  an  inch  in 
diameter  and  two  feet  apart,  were  laid  in  the  bottom  of  the  collect- 
ing well  and  inside  of  every  vitrified  pipe  under  the  filter  bed,  it 
being  the  intention  to  aerate  not  only  the  filtered  water  but  the  filter 
bed  itself. 
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The  surface  of  the  filter  is  level  and  about  five  feet  above  high- 
water  mark  in  the  pond,  so  that  water  has  to  be  pumped  upon 
it.  The  pond  water  is  pumped  through  a  six-inch  pipe  which  rises 
vertically  through  the  filtering  material  to  the  surface  of  the  filter, 
and  the  water  is  kept  at  a  depth  of  from  twelve  to  eighteen  inches 
above  the  surface  of  the  sand.  The  filter  was  kept  saturated  and 
covered  with  water  at  all  times,  although,  as  it  was  the  custom  to 
pump  water  upon  the  filter  and  draw  the  filtered  water  from  the 
collecting  well  at  the  same  time,  the  filtration  through  the  sand  took 
place  only  while  the  pumps  were  in  operation.  As  a  rule  air  was 
forced  through  the  aeration  pipes  during  most  of  the  time  when  the 
pumping  was  in  progress. 

The  rate  of  consumption  during  the  summer  ranged  from  150,000 
to  220,000  gallons  per  day,  so  that  the  rate  of  filtration  if  it  had 
been  continued  through  the  whole  twenty-four  hours  would  have 
been  from  1,420,00#0  to  2,080,000  gallons  per  acre  per  day  (1.4  to 
2.0  gallons  per  square  foot  per  hour).  The  pumps  were  generally 
operated  from  an  hour  to  an  hour  and  a  half  at  a  time,  while  the 
tank  was  being  filled,  and  then  shut  down  for  three  or  four  hours. 
Under  these  circumstances  the  filtration  took  place  at  a  much  more 
rapid  rate  than  is  above  indicated.  It  is  stated  that  the  filter  is 
intended  to  operate  at  the  rate  of  five  gallons  per  square  foot  per 
hour. 

As  already  indicated,  the  Anabcena  appeared  in  such  numbers  in 
1893  as  to  cause  complaint  from  the  water  consumers,  and  the 
operation  of  the  filter  was  begun  on  August  8.  At  first  the  results 
appeared  to  be  satisfactory,  98  per  cent,  of  the  organisms  being 
removed  from  the  water  on  August  14,  and  nearly  all  of  the  odor  and 
color.  After  twelve  days'  use,  while  the  filtered  water  still  appeared 
to  be  clear,  complaints  of  the  odor  of  the  water  began  to  be  made 
by  the  consumers.  Two  days  later  it  was  noticed  that  a  scum  had 
formed  upon  the  surface  of  the  sand  and  the  filter  had  become 
clogged.  This  clogging  was  relieved  by  raking  the  surface,  and 
did  not  occur  again.  After  twenty-two  days'  use  the  odor  of  the 
filtered  water  was  so  strong  that  the  use  of  the  filter  was  discon- 
tinued, the  water  was  drawn  down  and  a  layer  half  an  inch  in  depth 
was  removed  from  the  surface  of  the  filter.  The  greater  part  of  the 
matter  removed  from  the  water  by  filtration  was  found  within  a 
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quarter  of  an  inch  of  the  surface.  In  some  places,  however,  the 
sand  was  stained  to  a  depth  of  eight  or  ten  inches.  It  was  also 
noticed  that  the  air  used  in  aerating  the  filter  had  passed  up  through 
the  material  unevenly  and  had  come  to  the  surface  at  several  places 
where  little  craters  were  formed.  The  portion  of  the  aerating  pipes 
extending  beneath  the  filter  bed  were  accordingly  disconnected  and 
were  not  used  again  during  the  season.  The  filter  was  again  used 
for  a  few  days  beginning  September  1,  but  the  odor  of  the  filtered 
water  was  so  strong  that  it  was  again  discontinued.  Up  to  this 
time  light  was  admitted  to  the  collecting  well,  but  afterward  it  was 
excluded. 

It  is  also  to  be  noted  that  these  unfavorable  results  were  obtained 
during  the  portion  of  the  year  when  the  pond  water  had  a  high 
temperature,  which  was  increased  by  the  exposure  of  the  water  in  a 
thin  layer  upon  the  filter  bed  and  by  the  warm  air  pumped  in  for 
aeration  from  the  engine-room.  After  September  29,  when  the 
temperature  of  the  water  was  below  sixty  degrees  Fahrenheit,  the 
filter  was  operated  without  any  trouble  and  there  was  said  to  be  no 
odor.  On  October  18  the  filtration  was  discontinued  for  the  season, 
as  the  Anabcena  had  disappeared  from  the  pond. 

The  results  of  the  chemical  and  microscopical  examinations  as 
given  in  the  following  tables  show  that  a  very  large  proportion  of 
the  Anabcena  were  at  all  times  removed  by  filtration,  but  at  times 
there  was  a  very  abundant  development  of  Zodglcea  in  the  filtered 
water.  For  instance,  in  the  sample  collected  on  September  20,  when 
the  unfiltered  water  contained  508  Anabcena  and  Anabcena  spores 
per  cubic  centimeter,  the  number  in  the  filtered  water  was  63.  In 
the  unfiltered  water  there  were  no  Zodglcea  and  in  the  filtered  water 
480.  On  this  date  the  amount  of  organic  matter  as  indicated  by  the 
albuminoid  ammonia  was  reduced  only  about  one-fourth,  but  as  a 
rule  nearly  three-fifths  of  the  organic  matter  was  removed  by 
filtration. 
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WANTTJCKET. 

Comparison  of  Examinations  of  Water  from  the  Wannaoomet  Water  Company^ 
Works  before  and  after  Filtration. 

[Note.  —  Figure*  In  bold-faced  type  show  the  results  of  ex  urn  inn!  Ions  of  water  from  the  pond. 
Figure*  In  Roman  type  show  results  or  examination!  of  tbe  water  after  pausing  through 
tbe  Biter.] 

[Parti  por  100,000.] 
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Chemical  Examination  of  Water  from  Wannacomct  Pond,  Nantucket. 

[Psrti  per  100.000.] 


Average!  of  Analyses  of  Previous  Years. 


id  dlngr«able,  ofun 
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Microscopical  Examination  of  Waterfront  Wannaeomtt  Pond,  Nantucket. 

[Number  of  organLima  par  inble  centimeter.] 
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Chemical  Examination  of  Water  from  Wannaeomet  Pond  after  Filtration. 

|P»H«  per  100,000.1 


Odor,  generally  distinctly  Testable  and  noplauuU  or  dlugreuble No*.  10923  »nd  10*83  were 

■clod  directly  from  the  Alter;  the  remaining  umplc*.  from  ■  Macs!  st  the  pumping  mutton  while 


Microscopical  Examination  of  Water  from  Wannacomtt  Pond  after  Filtration. 
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NATICK. 

Water  Supply  op  Natick. 
Chemical  Examination  of  Water  from  Dag  Pond,  Natick. 


Averages  oj  Analyses  of  Previous  Tears. 


LlncLly  vegetable  tad  nnplea. 
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Microscopical  Examination  of  Water  from  Dug  Pond,  Natick. 

f  Sumbei  of  orgmluni  per  cobls  cullmater.] 
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NATICK. 

Table  showing  Heights  of  Water  in  Dug  Pond  on  Dates  when  Samples  of  Water 

were  collected  for  Analysis. 

Notb.  —  High  -water  mark  !■  13.0  feet. 
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__ 

.. 

Water  Supply  op  Needham. 
Chemical  Examination  of  Water  from  the  Well  of  the  Needham  Water  Works. 


Microscopical  Examination. 

migolflcMl  number  of  orgaolima  wu  found  In  til  bat  ana  of  them  umpl«. 
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nsw  bedford. 

Water  Supply  of  New  Bedford. 
Chemical  Examination  of  Water  from  the  Conduit  of  the  New  Bedford  Water  Workt. 

[Put!  per  100,000.] 
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NEW  BEDFORD. 

Microscopical  Examination  of  Water  from  the  Conduit  of  the  New  Bedford 
Water  Works. 

[Number  of  orjintan  per  cubic  centimeter.] 


a  h   m 


Cftemical  Examination  of  Water  from  Little  Quittacas  Pond,  Lakeville. 
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ontfa  tba  mean  inalyiti  (or  tli.t  month  bu 


'riin  tbe  pond  generally  iliout  five 
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NSW  BEDFORD. 

Microscopical  Examination  of  Water  from  Little  Quiltacas  Pond,  Lakeville. 

[Number  of  organisms  per  cubic  centimeter.] 
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MitcellaneuuH,  Zottglusa, 
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Table  showing  Heights  of  Water  in  Acushnet  Iteservoir  and  Little  Quitlacas  Pond 
on  Dates  when  Samples  of  Water  were  collected  for  Analysis. 


Acushnet 
Reservoir. 

Distance  be- 
low Htffh- 
water  Murk. 


Jan.  30, 

1893. 

•                 ■                 •                 • 

Feet. 
1.4 

Mar.    1, 

•                 •                 •                 • 

0.0 

Apr.  29, 

•                 •                 •                 • 

0.0 

May  23, 

•                ■                a                • 

0.0 

June  26, 

•                •                •                • 

0.0 

July  25, 

•                •                •                a 

0.9 

Little  Qult- 
tacas  Pond. 

Distance  be- 
low High- 
water  Mark. 


Feet. 
2.6 

1.75 

0.8 

1.0 

1.2 

1.5 


1893 

Aug.  28,  . 


Sept.  28,  . 
i  Oct.  23,  . 
j  Nov.  27,  . 
!  Dec.  17,  . 


Acnshnet 
Reservoir. 

Distance  be- 
low High- 
water  Mark. 


Little  Qult- 
taoas  Pond. 

Distance  be- 
low High- 
water  Mark. 


Feet. 
2.6 

Feet. 
0.6 

3.04 

1.26 

2.8 

2.S 

2.6 

8.0 

2.9 

0.7 
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Water  Supply  of  Newburyport.  —  Newburyport  Water 

Company. 

The  use  of  water  from  the  Merrimack  River  by  the  Newburyport 
Water  Company  for  the  supply  of  the  city  was  the  subject  of  a  com- 
munication from  the  State  Board  of  Health*  to  the  company  in  No- 
vember, 1892,  pointing  out  the  danger  of  infection  from  typhoid  fever 
incurred  by  the  use  of  this  source  and  advising  that  a  further  supply 
of  pure  water  be  obtained  without  delay.  The  continued  use  of  the 
river  water  was  the  apparent  cause  of  an  epidemic  of  typhoid  fever 
in  Newburyport  in  January  and  February,  1893,  which  led  the  Board 
to  send  a  letter  relative  to  this  subject  to  the  mayor  of  the  city  early 
in  March,  a  copy  of  which  may  be  found  on  page  43  of  this  volume. 
The  city  of  Newburyport  subsequently  applied  to  the  State  Board 
of  Health  for  advice  relative  to  the  use  of  water  from  the  Artichoke 
River,  either  directly  or  after  filtration,  for  the  supply  of  the  city, 
and  the  reply  of  the  Board  may  be  found  on  page  44. 

The  Newburyport  Water  Company  increased  its  ground-water 
supply  in  1893  by  taking  the  Jackman  Spring,  so  called,  and  pro- 
viding a  temporary  pump  and  pipe  to  pump  and  convey  the  water 
from  this  spring  to  the  present  works.  It  also  constructed  a  well 
about  fifty  feet  in  diameter  and  fourteen  or  more  feet  in  depth,  a 
short  distance  from  its  present  wells,  and  near  the  edge  of  the  small 
reservoir  by  the  pumping  station.  The  works  as  enlarged,  however, 
are  not  likely  to  furnish  a  sufficient  supply  for  the  city  of  Newbury- 
port. 

It  will  be  noticed  by  reference  to  the  table  of  analyses  on  page 
242  that  a  very  unusual  amount  of  chlorine  was  at  times  present  in 
the  water  supplied  by  the  company  to  the  city.  This  result  is  due 
to  the  use  of  water  from  the  Merrimack  River  which  contained  a 
small  amount  of  sea  water. 

Analyses  of  water  from  the  Artichoke  River,  and  from  other 
sources,  examined  in  connection  with  the  investigation  of  new  sources 
of  water  supply  by  the  city,  will  be  found  in  tables  which  follow. 


Report  of  the  State  Board  of  Health  for  the  year  1892,  page  37. 
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BEWBUBYPORT. 

Chemical  Examination  oj  Water  from  the  Small  Storage  Reservoir  of  Ike 
Ncwburyport  Water  Company. 


Iron,  .0350.    Odor,  dlttlnctly  vegetable. The  sample  wn  collected  from  (he  reearvolr  near  U» 

pumping  otal ion. 

Microscopical  Examination. 

DUtonmeeie,  Cyclotttla.l;  Jfrrl<H«n,  I;  Si/iwtra,  13.    A!g»,  Omferta,  2.  Fungi,  Crenolhrit,  t. 
Infuiorl.,  IWIdintum,  1.    tl  lice  I  layout,  ZuOgltia,  4.    ToUl.20. 

Chemical  Examination  of  Water  from  a  Faucet  in  Newburyport,  supplied  from 

the  Works  of  the  Newburyport  Water  Company. 

[Put*  per  loo.ooo.] 


Odor,  vegetable,  frequently  uone. The  .am  pies  wore  collccicd  from  i  (meet  »t  No.  3  6 
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Microscopical  Examination  of  Water  from  a  Faucet  in  Newburyport,  supplied 
from  the  Works  of  the  Newburyport  Water  Company. 


Chemical  Examination  of  Water  from  Tubular  Test  Wells  at  Newburyport. 

[Parte  par  100,000.] 


Odor,  MM. The  Brat  eamplewae  collected  from  a  tubular  leet  well  Juit  below  Fro, 

,e  valley  of  a  tributary  ot  Uttlo  River,  about  ooe  mile  .oirth-wert  of  Ibo  centre  of  the  ell 
>rt;  the  eocoud  sample  from  a  tubular  teat  well  located  on  the  northerly  "Ids  of  Little  HI 
e  point  where  it  I*  crneaed  by  the  By  lloltl  road,  about  on  the  line  between  Newburyport' 
e  lail  laroplo,  from  a  tubular  teat  well  In  the  volley  of  Little  River,  about  half  a  mile  < 
eat  of  the  well  laat  deeerlbcd. 

Microscopical  Examination. 
No.  11MS.    No  orjraul.mi. 
No.  113*0.    Hlecellaneoue,  ZuSglaa,  1. 
No.  11443.    Dlatomecem,  3ynr<lrti,  1.    allecellaneoue,  Zooofcw.  1.    Total,!. 
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XEWBUBYFORT. 

Chemical  Examination  of  Water  from  the  Artichoke  River  in  West  Newbury. 

[Part*  per  100,000.] 


rh*  flr.t  two  •ample,  wan 
iuMkei  Church  Road  cret 


Bo.UUW.41t  No.  11467, 3;  No.  11380,12;  No.  1 

Water  Sdpply  of  Newton. 
Chemical  Examination  of    Waterfront  a  Faucet  at    the  Newton   Water  Work* 
Pumping  Station. 
ir  100.000. J 


1 

^3 

ATOMUM*. 

H 

1 

-          1 
1         1 

* 

1                                         m&    M 

1 

May  17!  Might.        V. .-light. 

Nor.  21  |  None.       1  Blight. 

u.ffi 

1 

0.03 

Averages  of  Analyses  oj  Previous  Years. 
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length,  replaced  in  uqnal  porttoa  sf  Ibi  old  open  Hilar  baellt.     Tq  IbM  the  remaining  ponton  of  theopaa 

fllter-hs-in  wna  replaced  by  an  eitenalon  ol  the  Alter  gallery,  and  after  Daoi— *--  -»  '"— -■- 

water  pumped  for  the  iiipply  of  the  city  wa*  not  eipoeod  to  light  at  any  point. 
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NEWTON. 

Microscopical  Examination  of  Water  from  a  Faucet  at  the  Newton  Water  Works 
Pumping  Station. 

(Nomber  of  orgttl*a»  par  cable  centimeter.] 
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Odor  of  No.  10148,  very  falatly  vegatuble;  of  No.  I040S,  f.lntly  nnpleeuDt;  of  Ibe  reait)nVa% 
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i*  da;. The  namplci  were  collected  from  the  rvMrrolr. 
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NEWTON. 

Microscopical  Examination  of  Water  from  the  Covered  Distributing  Reservoir  of 
the  Newton  Water  Works. 


[Numbar  of  orginlinn  per  cable:  «a 

lmrt«r.] 
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Chemical  Examination  of  Water  front  the  Main  Underdrain  of  the  Hyde  Brook 
Division  of  the  Newton  Sewerage  System. 


implei  were  collected  (i 


ig  on  healing;  of  So.  10137,  dhulnot,  becoming 
iiK'.y,  disappearing  on  beating;  of  No.  115SJ.  » 
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NEWTON. 

Microscopical  Examination  of  Water  from  the  Main  Underdrain  of  the  Byde 
Brook  Division  of  the  Newton  Sewerage  System. 

[Number  of  organlime  per  cable  centimeter.] 
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Chemical  Examination  of  Water  from  Main  Underdrain  of  the  Cheesecake 
Brook  Division  of  the  Newton  Sewerage  System. 

[P»rU  per  100.000.] 


Odor  of  the  Brat  ■ample, 


ootb  the  oifiu  *n«lyai«  for  that  m 
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NEWTOH. 

Microscopical  Examination  of  Water  from  the  Main  Underdraw  of  the  Cheat- 
cake  Brook  Division  oj  the  Newton  Sewerage  System. 

[Somber  of  orftnlimi  par  ruble  eenllmutar.] 
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180 

10 

■ 

It 

t 

Total 

11S0 

3,Mt 
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UM 

t— 

Chemical  Examination  of  Water  from  the  Main  Underdrain  beneath  the  Laundry 

Brook  Valley  Sewer,  Newton. 

[Put*  p*t  100,000.; 


Odor  of  the  fl return  pie, 


hilly  vegetable;  of  the  I 


Microscopical  Examination. 

No.  11247.     Fungi,  OmtoArtz,  020.     Ml.cell.oeous,  ZoagUwi,  40.     Total.  MO. 
No.  11682.     Fungi.  Crenatkrtr.,  2,240. 
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northampton. 
Water  Supplt  of  Northampton. 

Chemical  Examination  of  Water  from  the  Upper  and  Lower  Storage  Reservoirs 
of  the  Northampton  Water  Work*  on  Roberta''  Meadow  Brook, 

[FUU  par  100,000.] 


nppor  le.ervoir  u  Robaru'  Meadow;  the  lut  from  lha  Lower  re«rvolr  »1  Leedt. 

Microscopical  Examination. 

No.  10SM.  Dlalomacete,  Fragilaria.b;  Ovmphonima ,  i ;  Synedra,  1.  Mlnoolliaooui,  Zciglaa,  S3. 
TolaJ,  W. 

No.  10837.  Dialomaeeie,  Oyctottltii,!;  MolsaM.St  EpiUirmla.i,  FragUaria,  U;  Gomp/umtma.i; 
JftloHro,  4;  Jfavicvla,  1;  Plnnutarta,  1;  Sfmdra,  7,300;  Toortlarto,  1.  InftlMrU,  Artdiflltim,  I. 
Varmaa,  A>fyarMra,3.    MlieallueoDi,  ZoegU*a,M.    Toml,  7.(31. 

North  Andover. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  North 
Andover  with  reference  to  taking  a  supply  of  water  for  the  town 
from  Great  Pond  may  be  found  on  page  44  of  this  volume.  The 
following  analysis  of  a  sample  of  water  from  Boston  Brook  in 
North  Andover  was  made  during  an  investigation  for  a  new  source 
of  water  supply  for  Melrose. 

Chemical  Examination  of  Water  from  Boston  Brook,  North  Andover. 

[Part,  par  100,000.] 


r,  falotlj  vagtuble. Tba  umple  wu  collected  from  Ih«  brook  Jnat  balow  11 


Microscopical  Examination. 

i,  Matoma,*;  MlridUm,*;  Jftiricuia,  1.    Fungi,  Owiathrix,  1,    Tati\,W 
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north  attlebo  rough. 

Wates  Supply  of  North  Attleboroogh. 

Chemical  Examination  of  Water  from  the  Well  of  the  North  Aitleborough  Water 

Works. 

[P»ru  par  100,000.] 


Averages  oj  Analyses  oj  Previous  Years. 


•  June  to  D«oinl*r.                        (  January  to  Hay.  J  April  lo  Ducomber. 

Note  io»n«lyio<  of  1893:  Odor,  none. Ths  umplsi  were  collected  from  mfnucet  at  the  pumping 

Microscopical  Examination. 

No.  10m    Uiecelluieoug,  ZoAgtaa,  s. 
No.  10640.    Hlaoellaneoua,  Zrtgloa,  1. 

Chemical  Examination  of  Water  jrom  Faucets  in  North  Aitleborough,  supplied 
from  the  North  Aitleborough  Waler  Works. 

[Part*  per  100,000.] 
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Microscopical  Examination. 
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nobthbobough. 

Water  Supply  op  Northboeough. 

Chemical  Examination  of  Water  from  the  Northborough  Water  Works. 
[P«ru  per  100,000.] 


Microscopical  Examination  of  Water  from  the  Northborough  Water  Works. 

[Snnjber  of  organisms  par  00I1I0  centimeter.] 
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NORTHBOROUGH. 

Microscopical  Examination  of  Water  from  the  Northborough  Water  Works 

—  Concluded. 

[Number  of  organiams  per  cable  centimeter.] 


!«••. 


September.    September.  I      Maj. 


ANIMALS. 
Rhizopoda,  Dlfflugia, 

Infusoria,   .... 

Peridlnium, 
Trachelomonas,        . 

Vermes,      .... 

Anarea,     .... 
Polyarthra, 
Rotatorian  ova, 

Crustacea, .... 

Daphnla,    .... 
Entomostracati  ova, . 

Miscellaneous,  Zoogloea,         .    . 
Total 


0 

0 

1 

2 

10 

37 

2 
0 

0 
1 

86 
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0 
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IS 

0 
0 
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5 
1 
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12 
3 
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0 
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0 
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o      i 
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0 
0 
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.01 

.01 
.01 


28 


146 


29 


2,172 


67 


Water  Supply  of  North  Brookfield. 

Description  of  Works.  —  The  works  are  owned  by  the  town  and 
were  completed  in  1893.  The  sources  of  supply  are  Doane  Pond 
and  North  Pond,  formerly  known  as  Horse  Pond,  supplemented  by 
water  diverted  into  it  from  North  Brook.  Water  is  pumped  by 
water  power  at  a  station  near  Doane  Pond  to  a  distributing  reservoir 
on  Bell  Hill  and  thence  distributed  to  the  town. 

Water  can  be  drawn  from  either  pond,  but  it  is  proposed  to  draw 
the  supply  for  domestic  use  from  Doane  Pond,  using  the  surplus 
water  from  Doane  Pond,  in  connection  with  the  water  from  North 
Pond,  to  furnish  power  for  pumping. 
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NORTH  BBOOKFIEIiB. 

The  areas  of  watersheds  (including  the  water  surfaces)  of  sources 
controlled  by  the  town,  as  determined  by  actual  survey,  are  as 
follows : 

North  Brook, »  487.9  acres. 

Side  Hill  Canal  from  North  Brook, 25.0      " 

North  Pond, .  195.6      " 

DoanePond, 899.7      " 

Total, 1,608.2      " 

The  size  of  the  Doane  Pond  watershed,  as  given  in  the  table, 
includes  the  whole  of  Stoddard  Brook,  which  has  a  watershed  of 
425.8  acres.  Provision  has  been  made  by  which  the  water  of 
nearly  all  of  this  brook  can  be  turned  into  North  Pond  when  it  is 
desirable  to  do  so. 

With  the  exception  of  a  portion  of  the  watershed  of  North  Brook, 
which  rises  in  New  Braintree,  the  watersheds  of  the  sources  of 
supply  are  within  the  limits  of  North  Brookfield. 

North  Pond  has  an  area  of  69.6  acres  and  a  capacity  of  about 
350,000,000  gallons.  It  has  been  used  for  many  years  as  a  storage 
reservoir  to  supply  power  to  a  mill  situated  just  below  Doane  Pond. 
A  new  dam  six  feet  higher  than  the  old  one  has  been  constructed  by 
the  town  about  500  feet  down  stream  from  the  old  dam,  thus  greatly 
increasing  the  area  and  storage  capacity  of  the  pond.  It  is  said  that 
the  pond  is  thirty  feet  deep  in  some  places  and  may  average  eigh- 
teen feet.  The  water  of  North  Pond  is  conveyed  to  the  pumping 
station,  situated  just  below  Doane  Pond,  by  means  of  a  canal,  with- 
out passing  through  Doane  Pond. 

Doane  Pond  is  an  artificial  reservoir  constructed  many  years  ago 
for  use  as  a  mill  pond.  Since  its  acquisition  by  the  town  as  a  source 
of  water  supply  the  dam  has  been  raised  three  feet,  increasing  its 
area  to  30.9  acres  and  its  capacity  to  53,800,000  gallons. 

A  filter  entirely  surrounded  by  water  has  been  constructed  at 
Doane  Pond  near  the  dam,  by  building  two  concentric  walls  having 
an  annular  space  five  feet  wide,  filled  with  gravel,  between  them. 
In  the  centre  is  a  filtered- water  well  fifteen  feet  in  diameter  and 
fifteen  feet  deep..  Water  for  the  supply  of  the  town  is  drawn  from 
this  well. 

The  distributing  reservoir  is  rectangular  in  shape,  159  by  117  feet 
at  the  foot  of  the  slopes  and  222  by  180  feet  at  the  top  of  the  slopes 
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inside.  It  is  nineteen  feet  in  depth  from  the  top  of  the  embank- 
ments and  when  filled  to  a  depth  of  fifteen  feet  will  contain  about 
2,950,000  gallons  of  water.  The  slopes  are  lined  with  clay  puddle 
four  feet  in  thickness,  covered  with  a  six-inch  layer  of  broken  stone, 
upon  which  is  laid  a  stone  paving  one  foot  in  thickness.  The  bottom 
is  covered  with  broken  stone  and  binding  material  to  a  depth  of  six 
inches. 

Water  enters  the  reservoir  at  the  bottom  on  the  north  Bide  and  is 
drawn  out  about  one  foot  from  the  bottom  on  the  south  side.  An 
arrangement  has  been  made  whereby  water  may  be  sprayed  into  the 
reservoir  from  a  pipe  near  its  centre.  It  is  intended  to  pump  all 
water  to  the  distributing  reservoir,  but  a  direct  connection  has  been 
made  whereby  water  may  be  pumped  directly  to  the  town  in  case  of 
emergency.     The  distributing  mains  are  of  cast-iron. 

Chemical  Examination  of  Water  Jrom  Faucets  in  North  Broohfield,  supplied  from 
the  North  Broohfield  Water  Works. 

[Part*  par  100.000.] 


d  unpleausL;  of  the  tut  simple.  uooe. 


Microscopical  Examination. 

No.  10304.    Dlalomacec  MieritmiUa,  B/M0;   Tnbillaria,  ".    Algie,  ZoSi 
bryon  euiitt,  1 .  t:ug!e>«i,  1 ;  ftriifliiiun,  78.    IflacaJUBaoua,  Zviiflaa,  3.    T 

No.  11088.    DIMomaeaic,  AlUrtoMlta,  S,M0.    A  lav,  C     ' 
Pmtococait,  SO;    Staunitlrum,  i;    .rantAidium,  1;    Zoot 
Total,  3.W7. 

Water  Supply  of  Norwood. 
The  organism  Uroghna,  which  was  present  in  large  numbers  in 
the  water  of  Buckruaster  Pond  in  1892,  reappeared  in  much  smaller 
numbers  for  a  short  time  in  the  early  part  of  1803,  and  also  in  very 
small  numbers  toward  the  end  of  the  year.  A  description  of  this, 
organism  and  an  account  of  its  effect  upon  the  taste  and  odor  of 
water  may  be  found  in  the  annual  report  of  the  State  Board  of 
Health  for  1891,  pages  645-658. 
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NORWOOD. 

Chemical  Examination  of  Water  from  BuekmaMer  Pond,  Dedham. 

[Parte  per  100,000.) 


Averages  of  Analyses  of  Previous  Years. 


■on,  .0057.  Odor  of  the  Brit  umple.  faintly  vegetable,  becoming  faintly 
>f  tbe  second  aample,  faintly  vegetable,  becoming  strongly  oily  on  heat, 
becoming  faintly  oily  on  beating;  of  the  remaining  samples,  generally 

ie,  rarely  mouldy  or  grassy, The  samples  were  collected  from  the 

in  feet  beneath  the  surface. 
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Microscopical  Examination  of  Water  from  Backmaster  Fond,  Vedham, 

[Number  of  orgulimi  per  cubic  centimeter.] 
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NOEWOOD. 

Chemical  Examination  of  Water  from  Faucets  in  Norwood,  supplied  jrotn 
Suckmasler  Pond. 

[P»rWp«  100,000.] 


Microscopical  Examination  of  Water  from  Faucets  in  the  Village  of  Norwood, 
supplied  from  Buckmaster  Pond. 

[Sntnbat  of  orgaolmm*  par  Buttlo  oentlmaMr.] 
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NEW  BEDFOBD. 

Chemical  Examination  of  Water  from  LiUU  Quittaeat  Fond,  LakeviiU. 
[P«ru  p«r  loo.ooo.  J 
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Microscopical  Examination  oj  Water  from  LiUU  Quittaeat  Pond,  LakeviUe. 

[Nnmbor  of  orgaul«m«  per  nobis  entloutai.] 
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factory  than  that  from  other  portions  of  the  works,  and  to  use  the 
surplus  water  not  needed  for  the  supply  of  the  town  to  furnish 
power  for  pumping ;  but  an  auxiliary  steam  plant  has  been  provided 
at  the  pumping  station  for  use  at  times  when  the  supply  of  water  is 
insufficient  to  furnish  the  power  needed. 

Coolidge  Brook  is  a  small  tributary  of  Miller's  River  from  the  south 
which  joins  the  river  at  a  point  about  one  and  one-half  miles  below 
the  village  of  Orange.  The  collecting  reservoir  is  located  just 
above  the  point  where  the  brook  is  crossed  by  the  Holshire  road, 
about  one  and  three-quarters  miles  from  its  mouth.  The  drainage 
area  of  the  brook  at  this  point  is  estimated  to  be  about  1.38  square 
miles.  The  reservoir  covers  an  area  of  about  0.72  acre,  and  it  is 
said  to  have  a  capacity  of  2,045,000  gallons  when  filled  to  the  crest 
of  the  overflow,  which  is  three  feet  below  the  top  of  the  dam.  The 
loam  and  sub-soil  are  said  to  have  been  removed  from  all  of  the  area 
flowed.  The  water  which  passes  the  overflow  is  conveyed  through 
a  48-inch  pipe  two  hundred  and  fifty  feet  in  length  and  discharged 
into  North  Pond. 

Provision  has  been  made  for  filtering  the  water  drawn  from  Cool- 
idge Brook  for  the  supply  of  the  town,  by  constructing  on  the  up- 
stream side  of  the  dam  a  rectangular  filter-chamber  of  rubble  masonry, 
10  feet  long,  7.5  feet  wide,  and  of  a  height  equal  to  that  of  the  dam. 
The  filter,  which  is  on  the  up-stream  side,  is  5  feet  6  inches  in  width 
and  of  the  same  height  as  the  walls  of  the  chamber ;  the  filtering 
material,  consisting  of  sand  or  gravel,  is  four  feet  in  thickness,  and 
is  retained  between  perforated  wooden  planks  lined  with  copper  wire 
screens. 

It  is  the  intention  to  have  the  top  of  the  chamber  closed  tightly  in 
order  that  water  may  be  run  back  through  it  under  pressure  so  as 
to  wash  the  filter.  All  matter  forced  out  of  the  filter  in  this  way 
will  mingle  with  the  water  in  the  reservoir.  A  10-inch  waste  pipe 
is  laid  beneath  the  dam  to  provide  for  emptying  the  reservoir  when 
necessary,  and  to  waste  the  dirty  water  at  times  when  the  filter  is 
being  cleaned. 

North  Pond  is  located  at  the  head  of  the  middle  branch  of  the 
Swift  River,  and  originally  had  an  area  of  about  sixty  acres.  The 
area  and  storage  capacity  of  the  pond  have  been  greatly  increased 
by  the  construction  of  two  dams,  raising  the  surface  of  the  pond  to 
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a  level  ten  feet  above  the  former  high-water  mark.  One  of  the 
dams  is  located  at  the  natural  outlet  of  the  pond,  and  the  other  at 
the  northerly  end  at  a  low  place  in  the  divide  between  the  Swift  and 
Miller's  rivers,  over  which  water  would  otherwise  pass  into  Coolidge 
Brook. 

The  present  area  of  the  pond  at  high  water  is  132  acres,  and  the 
increase  in  its  storage  capacity,  obtained  by  raising  the  level  ten 
feet,  is  said  to  amount  to  357,000,000  gallons.  The  drainage  area 
of  the  pond,  including  water  surfaces  and  exclusive  of  Coolidge 
Brook,  is  estimated  to  be  0.66  of  a  square  mile.  By  increasing  the 
height  of  the  water  in  the  pond,  a  considerable  area  of  swamp  land 
has  been  flooded,  which  was  prepared  for  flowage  only  by  the  removal 
of  the  trees. 

Water  from  North  Pond  is  drawn  through  a  canal,  the  bottom  of 
which  at  its  upper  end  is  about  11.41  feet  below  high-water  mark, 
to  Coolidge  Brook,  and  flows  in  the  channel  of  the  brook  to  the 
Greenhalge  Reservoir,  at  a  distance  of  a  little  less  than  a  mile  from 
the  pond. 

Greenhalge  Reservoir  covers  an  area  of  about  1.9  acres  and  is 
said  to  have  a  capacity  of  1,058,000  gallons.  It  was  originally  a 
mill  pond,  and  after  its  purchase  by  the  town  was  enlarged  by  the 
construction  of  a  new  and  higher  dam. 

The  pumping  station  is  located  in  the  valley  of  the  brook  just 
below  the  Greenhalge  Reservoir,  and  from  this  point  water  is  pumped 
to  a  distributing  reservoir  situated  on  Walnut  Hill,  about  a  mile 
south-west  of  the  village  of  Orange  and  between  it  and  the  pumping 
station. 

The  distributing  reservoir  has  the  form  of  a  rectangle,  except 
that  one  end  is  semi-circular;  it  is  162  feet  6  inches  in  length  by 
bO  feet  in  width  on  the  bottom,  and  20  feet  in  depth  from  the  top 
of  the  embankment.  When  filled  to  high-water  mark,  which  is  five 
feet  below  the  level  of  the  embankment,  it  contains  2,125,000  gal- 
lons. The  slopes  are  lined  with  clay  puddle  four  feet  in  thickness, 
covered  with  a  six-inch  layer  of  broken  stone,  upon  which  is  laid  a 
stone  paving  one  foot  in  thickness.  The  bottom  is  also  of  puddle 
four  feet  in  thickness,  covered  with  a  six-inch  layer  of  broken  stone. 
Water  enters  the  reservoir  through  a  pipe  laid  along  its  bottom, 
and  is  drawn  out  at  the  opposite  end.     Provision  has  been  made 
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for  shutting  off  the  reservoir  from  the  rest  of  the  system  and  pump- 
ing water  directly  to  the  town  if  neceasary.  The  distributing  mains 
are  of  cast  iron  ;  service  pipes  are  of  galvanized  iron. 

Chemical  Examination  of  Water  from  Cooiidge  Brook,  Orange. 

[I'srti  p«r  100,000.] 


WEiceHnDeoui,  Zo&giaa,  1. 


—  Tho  mmplo  w«.  collected  from  ■  fuoM  Id  Orangt, 

Microscopical  Examination. 


Chemical  Examination  of  Water  from  North  Pond,  Orange. 

[P»rt»  per  100,000.] 


.    Odor.wy  faintly  vegetable. Thsumptaw 


Microscopical  Examination. 


Dtalomecea,  Atttrionrlta,  W;  Coecontma,  1;  Oyeloltlta,  13;  Diatoma,  1;  EpIUitmta,  I;  0yro- 
llgma,  1;  Xttotira,  IM;  Xrrldlon,  1;  Syntdrv.  5;  TuMlaria.  14.  Cy»nophyc™,  Mtrlmopedia,  10. 
Algie,  OinftrWi  l;  CbMnarium,  1;  /"rotococrcn,  M;  fiapWiutn,  10;  Stauraitntm,  3.  Iolueorta, 
Dinobryon  eau;  3.     Vermel,  Jnna,  1.     CrniUcee,  DaphnUi.  .01.     M  lice  limn  eon  e,  ZetgLta,  84. 
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Water  Supplt  op  Palmer  Fire  District,  Palmer.  —  Palmer 

Water  Company. 
Chemical  Examination  of  Waterfront  the  Works  of  the  Palmer  Water  Company. 


collected  from  afeucet  in  lie  lown;  the] 


.0050.    Odor,  none.    On  netting,  the  odor  of  the  tint 

e  lul  decided]?  eweetleh  (graeay). The  fim  eample 


Mieroscojiical  Examination. 

No.  10539.  Dletomacete,  Diatoma,  lie;  Gomph<mma,t;  Xrlotra, t;  Jtaeicula,  1 ;  Sfnrdra,  11»; 
Totflturla,  1,  Cyanophycees,  JftNemorWin,  20.  Algss,  Qmfcrva,  2;  Ojemortiim,  1;  Glaocapta,  B; 
Arfiafmi,  S;  sVrWaemiM,  I [  C%C*riz.l|  ZoUtpant,  1.  Infuiorla.  Ptrldiaiun,  M.  Mleeellaneoni, 
Zooglira,  B4.    Total,  3W. 

No.  10971.  Dlatomncem,  Cbecone.ni,  I;  Ci/clolrlta,  1;  Dfotoma,  fl;  Jf/Iotim,  M;  Syntdra,  21; 
Taoeflnrm,  3.  Algs.  OuniarlNm,  1;  Frdiatlrum,  3;  Seentdtmiu,  I.  Fnngi.  Q-WaMffe,  1.  Inrn- 
iotU,  fiUohryriTi  cam,  108;   /Vrlriiniiini,  72.    Vermel,  /VyartAra,  1.    Mleeellaneoni,  Zodglaa,  M. 


Chemical  Examination  of  Wider  from  Little  Sandy,  Stetson's,  Oldham  and  Furnace 
Ponds  and  Silver  Lake,  Pembroke. 

[Pane  per  1 00,000.] 


ne.    Odor  of  No.  1033S,  distinctly  vegetable;   of  No.  10330,  faintly  vegetable,  becoming  ilranger  on 

atlng;  of  So.  10337,  none,  becoming  very  faintly  vegetable  on  healing The  umplei  were  col  leeled 

follows:  No.  10330,  f  torn  Utile  Bendy  Pond  el  upper  end.  near  road;  No.  10SS1,  from  Button'*  Pond 
arlu  outlet;  No.  1033S,  from  Ibe  brook  (lowing1  from  Oldham  Pond  Into  Furnace  Pond;  No.  1033*, 
.m  Furo.cc  Pond  near  Ha  outlet;  No.  10037,  from  Silver  Lake,  nu  rib- treated  y  aide,  near  ahona. 
The  umplee  were  collected  In  connection  with  an  lnveatlgatlon  for  an  additional  water  anpply  tor 
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PEMBROKE. 

Microscopical  Examination  of  Water  from  Little  Sandy,  Stetson's,  Oldham  and 

Furnace  Ponds  and  Silver  Lake,  Pembroke, 

[Number  of  organisms  per  cable  centimeter.] 


1898;. 


May. 


May. 


May. 


May. 


May. 


Day  of  examination, . 
Number  of  sample,    . 

PLANT8. 
Diatomaceee, 

Aaterionella, 
Coccooeis,   . 
Cocconema,         . 
Coscinodisoas,    . 
Cyclotella,   .        . 
Fragilaria,  . 
Grammatophora, 
Meloslra, 
Navicnla,     . 
Pleurosigma, 
Stephanodlacna, . 
Synedra, 
Tabellaria,  . 

Cyanophyceeo,  Nostoc, 

Algr®.      .... 

Chlorococcus, 

Dlctyospherium, 

Nephrocytlnm,   . 

Protococcus, 

Scenedesmas, 

Stanrastrum, 

Zoospores,  . 

Fungi,  Crenothrlx, 

ANIMALS. 
Rhizopoda,  Actinophrys, 

Infusoria,     . 

Dlnobryon, . 
Dinobryon  cases, 
Encysted  Protozoa,    . 
Monas, 
Peridinlam, 

Vermes, 

Anurea, 
Monocerca,  . 

Crustacea,  Cyclops,    . 


1 
10830 


1 

10331 


1 
10335 


1 
10336 


1 
10337 


110 

2 
0 
0 
0 
0 
2 
0 
0 
2 
2 
0 
100 
2 


295 

2 

0 
0 
0 

1 

0 
292 


111 

76 
0 
0 
1 

82 
0 
0 
0 
0 
0 
0 
0 
2 


0 
0 
0 
0 
0 
1 
0 


21 

2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

11 

8 


1 

0 
0 
0 
0 
0 
0 


20 

5 
1 
1 
0 
1 
0 
1 
0 
1 
0 
0 
7 
3 


64 

6 
16 
6 
86 
0 
0 
1 


8 


195 

10 
0 
0 
0 
6 
0 
0 

164 
1 
0 
1 
2 
2 


0 
0 
0 
0 
0 
0 
0 


0 
6 
60 
0 
3 


8 

3 
0 


0 
1 
0 
0 
0 


1 
1 


0 
2 
0 
1 
1 


1 

0 


8 
l 

0 
0 
0 
2 


1 

0 


.06 


0 
0 
0 
0 
0 


0 
0 


Miscellaneous ,  Zoftglcea 

152 

10       j          12 

88 

0 

630 

125 

40 

179 

195 
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plymouth. 

Watee  Supply  op  Plymouth. 
In  the  early  part  of  1893  the  organism  Uroglena,  which  was 
present  in  considerable  numbers  in  1892,  made  its"  appearance  in  the 
water  of  Little  South  Pond,  and  was  very  abundant  in  the  first  part 
of  February.  It  had  entirely  disappeared  by  the  end  of  March  and 
is  said  not  to  have  been  noticed  again  during  the  remainder  of  the 
year.  A  description  of  this  organism,  and  its  effect  upon  the  taste 
and  odor  of  water,  was  given  in  the  Twenty-third  Annual  Report  of 
the  State  Board  of  Health,  pages  645-658. 

Chemical  Examination  of  Water  from  Little  Bouth  Pond,  Plymouth. 

[ParU  per  100,000.] 


Iron,  none.  Odorof  the  flnt  (ample,  dtatlncll;  ollT.be 
oily  after  (tending  one  day  In  lh*  laboratory;  of  the  laat  ■ 
from  the  pond. 

Microscopical  Examination. 

SO.    MKB.     InftKorta,  Ungltna,  very  abundant. 
No.  10170,    Mleoelleneooe,  ZoOglaa,  I. 

Water  Supply  of  Provdjcetown. 
Population  in  1890,  4,624.  The  works  are  owned  by  the  town, 
and  were  completed  in  1893.  The  supply  is  taken  from  a  system 
of  six  tubular  wells  located  about  three-fourths  of  a  mile  north  of  the 
centre  of  the  village.  The  wells  are  five  inches  in  diameter,  average 
twenty-eight  feet  in  depth,  and  are  the  same  that  were  used  during 
a  pumping  test  made  in  1892.  The  material  in  which  the  wells  were 
sunk  is  loose  sand,  which,  like  other  sand  in  this  region,  contains 
more  or  less  organic  matter.  The  extreme  wells  are  about  four  hun- 
dred feet  apart  in  an  easterly  and  westerly  direction,  and  two  hun- 
dred feet  in  a  northerly  and  southerly  direction.  Water  from  the 
wells  is  pumped  to  a  covered  iron  tank  twenty-eight  feet  in  diameter 
and  one  hundred  feet  high,  and  is  distributed  thence  to  the  town. 
In  order  to  aerate  the  water,  the  force  raaiD  is  carried  vertically  up 
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PROVINCBTOWN. 

inside  the  tank  to  its  top,  and  is  provided  with  a  wide  flange  over 
which  the  water  falls  in  a  thin  sheet.  The  distributing  mains  are  of 
cast  iron  ;  service  pipes  of  wrought  iron  lined  with  cement. 

Extended  references  to  the  character  of  this  water,  which  differs 
from  other  ground  waters  in  the  State,  may  be  found  in  the  annual 
report  of  the  State  Board  of  Health  for  1892,  pages  41-44  and 
214-218. 


Chemical  Examination  c 


Water  from  the  Tubular  Wells  of  the  Provincetoum 
Water  Works. 


Odor,  of  No.  11405,  faintly  vegetable;  of  the  remaining  iimplet  none;  on  healing  Ihe  odor  of  all 
lbs  aamplae  wu  fatally  vegetable. The  aamplei  vera  collected  from  a  faucet  at  the  pumping  ilatloo. 


Microscopical  Examination  of  Water  jrom  Ihe  Tubular  Wells  of  the  Provincetoum 
Water  Works. 


■am. 
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Water  Supplt  of  Quixor. 

Chemical  Examination  of  Water  from  Toien  Brook  just  above  the  Storage 
Reservoir  of  the  Quxney  Water  Works. 

[Parta  per  100,000.] 


3 

A^^C 

'ffZZ? 
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1 

MM 
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108BD 
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11304 
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J»D.  30 

Feb. 28 
M.r-30 
Apr.26 

June!6 

July  as 

Aog.SS 

Oot.  23 
Nov. 27 
Dec.  20 

V.  might. 

V.  alight. 

V.  .light. 
V. Blight. 
V. -light. 
Blight. 
V.  flight. 
Nona. 
V.  light. 

Blight. 

v.  night. 

Blight. 
Blight. 
BUght. 
Blight. 

Blight. 

Blight, 
v.  might. 
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I 
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0000 
OOM, 
0001 

.6227  1.4 
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1.47730.8 

.72680.8 
.4104  0.9 

.93 

, 

ri 

mil 

1)1*1 

.0110 

0001 
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Averages  of  Analyses  of  Previous  Tears. 


>uve  the  reaervolr. 


1893  vjm  188,  In  April;  the  ■ 


Microscopical  Examination. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  267 

QUINCT. 

Chemical  Examination  of  Water  from  the  Storage  Reservoir,  Quincy. 

[Pmrta  per  100,000.] 


Averages  of  Analyses  of  Previous  Tears. 


■mbtr  ■nt)  December. 


256 
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NORTHAMPTON. 

Chemical  Examination  of  Water  from  Roberts'  Meadow  Brook,  just  above  the  Middle 

Reservoir  of  the  Northampton  Water  Works, 

[Parts  per  100,000.] 


! 

a 


8 

2 


14769 
14927 
15210 

15417 
15642 
15818 


Av, 


1895. 

Aug.  1 

Aug.27 
Sept.17 
Oct.  22 

• 

Not.  29 
Deo.  28 


APPIAB4HCB. 


s 

I 


a 

« 


a 


V.  slight. 

Blight. 

None. 

V.  slight. 

V.  slight. 

Blight. 

V.  flight. 

Slight. 

None. 

V.  slight. 

Blight. 

Slight. 

.40 
.28 
.17 
.36 
.49 
.50 

.86 


Rksidur  on 
Evapora- 

tion. 

o 
H 

Lota  on 
Ignition. 

5.26 

1.50 

6.70 

1.70 

4.55 

0.90 

5.05 

1.65 

3.75 

1.35 

4.00 

1.65 

4.72 

1.46 

Ammoxia. 


Albuminoid. 

■d 

• 

"Z 

■ 

•o 

1 

5 

o 
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5 

•  S 
2& 

h* 

H 

00 

.0008 
.0004 


.0140 
.0108 


.0132  .0008 


.14 


.0088  .0020,  .14 


.0004.0078.0054 


.0002.0132 
.0000.0104 


.0110 
.0074 


.0024 
.0022 
.0030 


.0010.0232.0216.0016 


.15 
.16 
.14 
.12 


.0005  .0132. 0U2j.  0020 


.14 


NlTBOGSV 


8 
C 


3 

5 
2 


6 

a 


o 


o     s 


.0050 
.0050 
.0090 
.0030 
.0000 
.0030 


.0032 


.0000  .6064    3.1 


.0003 
.0000 


.1856    V 


1.8 


♦  « 


.0001  .4992  2.1 
.0000  LW4S  14 
.0OO0'!.M67    1.1 


.0001'  .4492    1.» 


Odor,  faintly  vegetable  or  none,  generally  somewhat  stronger  on  heating, 
looted  from  the  stream,  just  above  the  reservoir. 


The  samples  were  coU 


Microscopical  Examination  of  Water  from  Roberts1  Meadow  Brook,  just  above  the 

Middle  Reservoir  of  the  Northampton  Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


1803. 

Aug. 

Aug. 

Sept. 

Oct. 

Dec 

Dec 

* 

Day  of  examination!        .... 

14759 

80 
14927 

15210 

26 

15417 

2 
15642 

SI 

1WU 

PLANTS. 
DlatomaceeB, 

Cyclotella, 

Navicula, 

Plnoularla, 

Synedra 

Alffce,  Raphidlum,        .... 

Fungi,  Crenothrix 

Mlicellaneouty  Zooglosa,  .... 
Total 


31 

6 

5 

6 

15 


12 
4 


620 

— 

520 

. 

0 

- 

0 

- 

0 

•* 

0 

- 

48 

- 

0 
0 
0 
0 


92 


0 
0 
0 

1 


0 
2 


47 


568 


98 


0 

0 
0 
0 
0 

I 

I 

1* 

1! 
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QCTNCY. 

Chemical  Examination  of  Water  from  the  Bur/ace  and  from  near  the  Bottom  of  the 
Quiney  Storage  Reservoir. 

[Ptrta  par  100,000.) 


Iron  Id  the  Hut  umpla,  .0115;  Id  Um 

much  nrooger  OD  hewing. The  •mnploi 

g»te-hoiMf>  >t  •  point  where  Ihe  IlW  WM 


.     Odor,  (tlnllj  vegewble, 

ha  marrolr  about  fifty  fwi  from 

1)  Dm  flrM  MJnple  III  tolleclod  I 


Microscopical 

No.  1MM.    DUIdiduw,  AtterioutUa,  10;  Tabrllarla,  MQ.    Cyanophyoaie,  atathTOcyti:  32 ;  Oato- 
ipMarlum,  1.    Algie,  CAiorococcuj,  6 ;  /vdlajfrum,  1;  SMitedemw,  I;  Alauraifruni.  1;  Zoospore*, 
Infiuorl.,  Dinobrym  cam,  H]   JfonoJ.  1;  /'ffWialiim,  3;  Spwra,  Ti    VorlictUa,  i.     MiaceLlanaou 
ZaSglaa,  T.    Total,  JIST. 

No.  10500.     DIMom»«,   ToojHSrfa,  4.     Fungi,  OrtnoMrix,  S.     Infuorli,  Dlnobrt/on  catt;  > 
JfiMli  1.    UlKellUHODB,  ZoBglaa,  M.    Total,  70. 


ra&fe  thawing  Heights  of  Water  in  the  Storage  Reservoir  of  the  Quiney  Water 
Works  on  Dates  when  Samples  of  Water  were  collected  for  Analysis. 

[Hlgh-waUr  mmrk  li  W.T1  feet  toon  oily  baaa.] 


MM. 

JS8. 

..... 

abnue  City 

Fr-eL 

Ot     M 

A  rU» 

No      ST 

m 

Da».   M, 
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randolph  and  nolbbook. 

Water  Supply  of  Randolph  and  Holbrook. 
Chemical  Examination  of  Water  from  Great  Fond  in  Randolph  and  Braintree. 

[F.rt.  per  100,000.] 


Id  Holbro  ™ 

I  number  of  orgnnim 


il  iwo  «h  triples  distinctly  veietrntile;  o 
id  direct  ly  I  ram  Ureal  Pond,  the  nu 

Microscoiiical  Examination. 


Water  Sopply  op  Reading. 
Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Reading  Water  Works. 
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12H 

Averages  nj  Analyses  of  Previous  Years. 


Note  to  analyiH  si  1893;  Odot  lUntl*  mouldy  or  onpluunt,  often  uons; 
Toomllle. The  earn  pies  were  collected  from  »  faucet  nt  the  puiuplog  station. 


In  June  ind  July  die 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  271 

BEADING. 

This  water  offers  a  good  instance  of  the  effect  of  a  marshy  soil  on 
the  character  of  the  water  percolating  through  it.  The  organic  mat- 
ter of  the  soil  consumes  the  free  dissolved  oxygen  in  the  water  and 
reduces  the  insoluble  iron  salts  to  the  condition  of  protoxide,  so  that 
iron  passes  into  solution  in  the  water.  On  exposure  of  the  water  to  the 
air  the  iron  is  again  oxidized,  forming  first  a  precipitate  which  gives  the 
water  a  milky  appearance  and  ultimately  settles  as  a  rusty  sediment. 
Conditions  in  some  respects  similar  to  those  at  Reading  are  found  in 
Provincetown,  Bradford  and  Watertown,  and  were  found  in  the  test 
wells  at  Attlehorough  (see  Twenty-third  Annual  Report,  1891). 

The  determinations  of  turbidity  and  color  in  waters  of  this  kind 
do  not  have  the  same  significance  as  in  surface  waters,  but  they  are, 
nevertheless,  of  interest  as  showing  a  condition  which  the  water  may 
assume,  and  are  therefore  given  in  the  table. 


Jfl«crH«Ji«nM,   ZocigliES,   |       0 

B 

17,100          1)             1           0 

. 

3  1    400  |      60    4,000     1,300 

T„.„     .     .     .  |    . 

4.3GI 

17,100     728    1,120      pr. 

« 

733    16,000      11]  .  4,070  '  1,080 

Water  Supply  of  Revere  and  Winthrop.  —  Revere  Water 
Company. 
This  company  obtains  part  of  its  supply  from  wells  in  Revere  and 
part  from  wells  in  Saugus.  During  the  year  1893  there  was  a  sud- 
den and  very  decided  increase  in  the  quantity  of  chlorine  present  in 
the  water  of  the  wells  located  at  Revere,  as  shown  by  the  analyses  on 
the  following  page,  accompanied  by  a  corresponding  increase  in  resi- 
due on  evaporation  and  in  hardness.     This  deterioration  to  X}ne  daax- 
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actor  of  the  water  is  due  to  the  presence  of  a  small  amount  of  sea 
water  in  the  water  of  these  wells,  which  are  located  only  a  com- 
paratively short  distance  from  salt  water. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Revere  Water  Company, 
at  Revere. 


Averages 

of  Analyses  of  Previous  Fears. 
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Microscopical  Examination  of  Water  from  the  Wells  of  the  Revere  I 
Company,  at  Revere. 
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Microscopical  Examination  of  Water  from  the  Wells  of  the  Revert  Water  Company, 
at  Revert — Concluded. 
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0 

I 

■ 

4 

■ 

1 

T^,     .      .      .      . 

,. 

■ 

• 

- 

" 

,. 

• 

Chemical  Examination  of  Water  from  Tubular  Wells  oj  the  Revere  Water  Com- 
pany, at  Cliflondale,  Saugus. 

[  P»rU  per  1(10,000 .; 


Averages  oj  Analyses  of 

'revious  Years. 

1W2 

-       o.oiiiii.ss 

.0003 

!:£« 

X 

„;. 

!•! 

.0116 

9.    Fungi,  Crmothrlx,  4 

5.    UtKillnnenun,  loiflaa,*. 

li.ra.  were  found  in  the  reranlr 


Microscopical  Examination. 
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Chemical  Examination  of  Water  Jrom  Snipaluit  Pond,  Rochester. 

[Part*  per  100,000.] 


Microscopical  Examination. 

Mlicellineuiu,  ZoSglaa,  8. 


Water  Supply  of  Rockland. 
(See  Abington.) 


Water  Supply  of  Rockport. 
The  advice  of  the  State  Board  of  Health  with  reference  to  Cape 
Pond  and  Mill  Pond  Brook  as  sources  of  water  supply  for  the  town 
of  Rockport  may  be  found  on  page  45  of  this  volume. 

Chemical  Examination  of  Water  Jrom  Cape  Pond,  Rockport. 


Microscopical  Examination. 

Jytudra,  4.    Infusoria,  Dinolryon  cum 
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salem  and  beveult. 
Water  Supply  of  Salem  and  Beverlt. 
The  advice  of  the  State  Board  of  Health  to  the  city  of  Salem, 
with  reference  to  increasing  the  joint  water  supply  of  Salem  and 
Beverly,  by  diverting  the  waters  of  Loogham  Meadow  Brook  and 
of  the  brook  flowing  from  Beaver  and  Norwood's  Ponds  into  Wen- 
ham  Lake,  may  be  found  on  page  47  of  this  volume.  Analyses  of 
samples  of  water  collected  from  the  proposed  sources  are  given  in 
the  tables  on  pages  277  and  278. 

Chemical  Examination  of  Water  from  Wenham  Lake,  in  Beverly  and  Wenham. 

fPiiru  per  100,000.] 


Averages  of  Analyses  of  Previous  Years. 
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Microscopical  Examination  of Water  from  Wenham  Lake,  in  Beverly  and  Wenham. 
[Number  of  orglDltma  par  cubic  osptiroeter.] 
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Table  showing  Heights  of  Water  in  Wenkam  Lake  at  Times  when  Samples  of 
Water  were  collected  for  Analysis. 


[NOM.- 

-  High-  writer  mark  ti  30.17  (eel.] 

Date. 

Height  of 

D.,.. 

H-lshtof 
W.ter. 

J-  10 

£» 

IMS. 

Feet 

Sept    B 

22  7T 

Oet      * 

MOO 

N  »     6 

21  68 

Jnno  . 

24.07 

De       « 

Chemical  Examination  of  Water  from  Beaver  Pond,  Norwoods  Pond,  and 
Longkam  Meadow  Brook,  in  Beverly. 


Iron  In  the  first  Mraplc,  .0660;  In  the  Hit  two,  .0M0«aoh;iD  the  fourth,  .0000  [  loth*  but,  .0160. 
dor  of  the  first  thru  •  ample*  dletlnctlj  vegetable,  ud  of  the  Bret  one  alio  dlngreeable.    Of  the  lut 

ro  ■unpKa,  No.  10182  but  m  Tery  fminlly  nnllUl  odorud  No.  101U  Dons. No*.  10072  ud  10132 

ere  collected  from  the  brook  flowing  from  Norwood'.  Pond;  No.  10073,  from  (be  brook  fl  ok  In  g  from 
eever  Pond;  No*.  100T4  and  10133,  from  Longhem  lleuow  Brook  ]o>t  above  the  point  where  II  U 
Ined  by  tbe  brook  flowing  from  Norwood'!  Pood. 
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Microscopical  Examination  of  Water  Jrom  Beaver  Pond,  Norwood's  Pond,  and 

Longham  Meadow  Brook,  in  Beverly. 


[Number  of  organisms  per  cable  centimeter.] 

189S. 

March. 

March. 

March. 

• 

March. 

March. 

Day  of  examination,         .... 

8 
10072 

8 
10078 

8 

10074 

17 
10182 

17 
10138 

PLANTS. 

Dlatomaceee, 


Fragilaria, 
Navicnla, 
Synedra, 
Tabellaria, 


Oyanophyces,  Nostoc  spores, 


AlgSB,  Zoospores, 


Fungi, 


Begiriatoa, 
Cladothrlx, 


0 
0 
0 
0 


0 
t 


0 
0 


0 
0 

Pr2 
0 
0 


o 
0 


6 

8 

0 

2 

l 

8 

pr. 

1 

0 

0 

1 

0 

t 

18 

t 

0 

2 

18 

0 

17 

4 
6 
6 
2 


0 
0 


0 
0 


ANIMALS. 


Infusoria, 


DinobryoD, 
Peridlnium, 


Miscellaneous,  Zoogloea, 


i 

3 

8 

0 

9 

0 

l 

0 

4 

3 

7 

0 

5 

2,000 


70 


180 


2 
0 


58 


Total, 


2,005 


80 


25 


197 


77 


Water  Supply  of  Saugus. 

(See  Lynn.) 
SCITUATE. 

The  advice  of  the  State  Board  of  Health  with  reference  to  taking 
a  water  supply  for  the  village  of  Scituate  Harbor  in  the  town  of 
Scituate,  from  the  ground  in  the  vicinity  of  Satuit  Brook,  may  be 
found  on  page  50  of  this  volume.  An  analysis  of  a  sample  of  water 
from  the  flowing  test  well,  referred  to  in  the  communication  of  the 
Board,  is  given  below. 
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scituate. 
Chemical  Examination  of  Water  from  a  Tubular  Test  Well  in  ScUuate. 

[Parti  par  100,000] 


wu  collected  from  »  flowing  test  wall  In  ■  meadow  near  Willow  Street 
tha  railroad. 

Microscopical  Examination. 

No  organisms. 

Water  Supply  of  Sharon.  —  Sharon  Water  Company. 
The  reply  of  the  State  Board  of  Health  to  an  application  of  the 
Board  of  Health  of  Sharon  for  advice  with  reference  to  the  possible 
pollution  of  the  water  supply  of  the  town  under  existing  conditions, 
and  as  to  the  best  practicable  method  of  assuring  its  purity  in  the 
future,  may  be  found  on  page  51  of  this  report. 

Chemical  Examination  of  Water  from  the  Well  of  the  Sharon  Water  Company. 

[Parta  pec  100,000.] 


Odor,  none Tha  umpla  wai  collected  from  a  faucet  at  tbe  pomplng  station. 

Microscopical  Examination. 

No  organisms. 

Water  Supply  op  Somerville. 

(See  Boston,  Mystic  Works.) 

Water  Supply  of  Southbridge.  —  Southbridge  Water  Supply 

Company. 

The  ndvice  of  the  State  Board  of  Health  to  the  Southbridge 

Water  Supply  Company  relative  to  increasing  its  supply  by  the 
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construction  of  an  additional  storage  reservoir  about  one  mile  south 
of  the  present  upper  reservoir,  and  as  to  improving  the  existing 
supply;  also,  at  a  subsequent  date,  with  reference  to  increasing 
its  supply  by  taking  water  from  a  proposed  storage  reservoir  on 
Hatchet  Brook,  may  be  found  on  pages  51-53  of  this  volume. 
Analyses  of  samples  of  water  collected  from  the  present  sources  of 
supply  and  from  Hatchet  Brook  and  its  tributaries  are  given  in  the 
following  tables. 

Chemical  Examination  of  Water  from  the  Lower  Reservoir  of  the  Southbridge 
Water  Company. 

[1'ira  par  100,000.] 


Iron,  .0100.    Odor,  bod*,  becoming  dlaUnclly  vegetable  and  grauy  on  heating. Tbinapliwu 

Microscopical  Examination. 

DlatomaceB,  CycUrtella.  138;  CymbeUa,  I;  Biatvma.lW;  Spiihemia,\;  Oomphonema.S;  Natlcvla, 
2;  FiHnuIarta,  1;  S-artrcUa,  2;  Syntdra,  100;  TabtllaHa,  92.  AlgB,  ArlArodtimui,  1;  Ptdiattnm, 
T;  Scmtdtirmu,  5;  Staarapmia,  a.  InfneorU,  Eugltna,  112;  Mima;  2;  Peridinium,  48.  Vans**, 
Aurn,  l;  POlyartAra,  2.     M  Intel  la  ueoui,  ZoSgtaa,  M.     ToUl,  Mo. 

Chemical  Examination  of  Water  from  Glover  Spring,  Southbridge. 

[Pert*  per  100,000.] 


imple,  distinctly  uuplea 
Id  Bonthbrldge  supplied  from  the  iprlng;  the  lei 
.rt  dlstanoe  below  the  lower  reeeirolr  of  the  Bout 
>on  which  the  naerrolri  of  tfaia  company  am  but 


Microscopical  Examination. 

No.  1 1 033.    Alu».  RapHUUvm,  2.    at  lecellaneoni,  Zoagtaa,  1.    ToUl,  3. 
Ho.  11298.     MUeellaneoun,  Zutjgkta,  1. 
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Chemical  Examination  of  Water  from  Satchel  Brook  and  one  of  its  Tributaries  in 
Southbridge, 
I  ram  par  loo.ooo.] 


third,  .0050;  In  the  lui,  .0020.  Odor  of 
vegetable,  becoming  atronger  od  beating, 
ad  crOHliig  about  three-rounha  of  a  nil* 
t  lite  ol  proposed  dam  of  the  Boutbbrldge 
Oral  aamplewaaeolteetrd;  the  third  aam- 


Microscopical  Examination  of  Water  from  Hatchet  Brook  in  Southbridge. 


UN. 

September. 

CM. 

,_». 

»™-„. 

11 
11031 

28 

22 

21 
113M 

PLANTS. 

■ 

ISO 

1 
V 

• 

s 

pr. 
K 

t 

2 

J 

ACTUALS. 

. 

1 

. 

■ 

I 

1* 

' 

Total 

233 

81 

40 
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Chemical  Examination  of  Water  from  Hatchet  Pond  in  Woodstock,  Conn.,  just 
South  of  the  Boundary  between  Massachusetts  and  Connecticut. 

[Pert,  per  100,000.] 


Inn,  -W&.    Odor  of  Iba  lint  (ample,  totally  vegetable,  becoming  dlaltactly  vegetable  and  do. 

pleaaaut  on  beating;  of  Ibe  (econd  (ample.  Tar;  faintly  vegetable,  disappearing  on  beating. The 

■  ■raplefl  were  collected  from  the  pond  which  la  located  at  the  head  of  Hatchet  Broot- 

Microscopical  Examination. 

No.  112oT.     Dlatoma™,  Syn'Jra,  1.     Cyanophycea),  jJnoftaWO.  4j    OdlBlphOrlam,  1:    Meritme. 
.jwdltj,  *M.     Algie,  Chlvrucoccut.  10.    Fungi.  Crctwtf.rU,  39,    Miacollaneoii..  ZoOgloo,  A.    Total,  Ml. 

No.  113*1.    DldomHceB,  A'actcuta,  1.    Cyaqopbyceei,  Ittrtmoptdla,  IB.    Alges,  Pteteeocau,  S; 
SopMdtum.i.    Total,  24. 


■Water  Supplt  op  South  Hadlet  Falls  Fire  District,  South 

Hadlet, 

•Chemical  Examination  of  Water  from  a  Faucet  in  South  Hadley,  supplied  from 

Buttery  Brook  Beservoir. 

[Pane  per  100,000.] 


Iron,  .01IJ.    Odor,  none,  becoming  faintly  vegetable  on  heating. 

Microscopical  Examination, 

UlecellaneoiM,  Zouglaa,  H. 
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SPENCER. 

Water  Supply  op  Spencer. 

Chemical  Examination  of  Water  from  Shaw  Pond,  Leicester. 

[nut*  pw  100,000.  j 


Microscopical  Examination  of  Water  from  Shaw  Pond,  Leicester. 

[Number  of  orgmlimi  per  en  bio  centimeter.] 


,™. 

Ftb. 

„.„.. 

April. 

»., 

Alf. 

*„. 

Diy  of  elimination,        .... 
Nnmber  of  umpl 

11 
DOM 

n 

IQ1T4 

11 

10315 

10381 

IS 

lOVSiJ 

100B1 

PLANTS. 
Meloalr 

S 

2 
0 

4 

0 

t 

0 

14 

ira 

100 

ts 
1 
10 
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Microscopical  Examination  of  Water  from  Shaw  Pond,  Leicester  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 

1898. 


Feb. 


March. 


April. 


Maj. 


Aug. 


8ept 


ANIMALS. 

Infusoria,    . 

Dlnobryon, 
Dlnobryon  cases, 
Truchelomonas, . 


26 

9 

11 

0 

0 

0 

3 

0 

0 

0 

26 

5 

11 

0 

0 

pr. 

1 

0 

0 

0 

0 
0 
0 


1 

Miscellaneous,  Zooglaa,         ...               0 

1 

48 

0 

5 

18 

60 

29 

61 

16 

6 

188 

148 

Water  Supply  of  Springfield. 

During  the  summer  and  autumn  of  1893  the  amount  of  water 
furnished  by  the  Ludlow  Receiving  Basin  and  its  tributary  canals 
was  insufficient  for  the  supply  of  the  city,  and,  to  make  up  the 
deficiency,  water  was  taken  from  the  old  Ludlow  Reservoir  and 
from  Chapin  Pond,  which  is  situated  near  the  main  pipe  leading  to 
the  city.  It  happened  somewhat  inopportunely  that,  with  a  view  to 
improving  the  character  of  the  water,  the  old  Ludlow  Reservoir 
had  been  drawn  off  during  the  latter  part  of  1892  and  was  empty 
on,  and  for  several  months  after,  the  first  of  January,  1893.  While 
the  reservoir  was  empty,  a  new  waste-gate  was  put  in  at  the  Cherry 
Valley  dam  in  order  to  make  it  possible  to  waste  water  from  the 
bottom  of  this  reservoir  in  the  future,  when  desirable,  and  at  the 
completion  of  this  work  on  May  9,  1893,  the  filling  of  the  reservoir 
was  begun  again  ;  but  the  amount  of  water  collected  during  the 
remainder  of  the  year  was  so  small  that  the  water  in  the  reservoir 
did  not  rise  high  enough  to  flow  through  the  pipe  beneath  the  cut-off 
dam  into  the  Ludlow  Receiving  Basin,  and  in  order  to  use  the  water 
which  had  accumulated,  for  the  supply  of  the  city,  it  was  necessary 
to  pump  it  into  the  basin.  Pumping  was  begun  on  Aug.  22,  1893, 
and  continued  until  October  24,  the  total  quantity  pumped  being 
03,000,000  gallons. 

Chapin  Pond  is  located  in  a  sandy  plain  in  the  southwesterly 
part  of  Ludlow,  and  is  said  to  have  an  area  of  about  thirty  acres 
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and  a  considerable  depth.  It  has  no  visible  inlet  or  outlet  and  is 
supplied  with  water  which  percolates  into  it  from  the  sandy  territory 
by  which  it  is  surrounded.  The  lowering  of  the  water  in  the  pond 
by  pumping  doubtless  makes  available  a  considerable  quantity  of 
water  stored  in  the  ground  about  it.  Between  Aug.  7  and  Oct.  28, 
18513,  a  total  of  164,000,000  gallons  of  water  were  pumped  from 
this  source.  An  analysis  of  the  water  of  Chapin  Pond  is  given  with 
the  analyses  of  samples  of  water  from  the  other  sources  of  supply 
in  the  tables  below. 


Chemical  Examination  of  Water  from  the  Receiving  Basin  of  the  Springfield 
Water  Works,  at  Ludlow. 

[p.ru  p»r  100,000.] 


Ill);  dill 

Inetly  vr-gt 

tnblc,  I  rcqoeolly  giw; 

The  Kimpln  wtf 

,  bed  Ihl 

.  Sepltmbi 

ir  and  October  (ample 

In  from  Ludlow  Keierv. 
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Microscopical  Examination  of  Water  from  the  Receiving  Basin  of  Che 
Water  Works,  at  Ludlow. 

[Number  of  organlnnu  per  cubic  comlrueter .] 
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Chemical  Examination  of  Water  from  Ludlow  Reservoir. 

[Fmrtt  por  100,000.) 


Averages  of  Analyses  of  Previous  Years. 


IT  tb«  cltj-  o(  Springflsld,  from  nmplti 
5  lUy  to  December. 

roly  mouldy  or  uopleauot;  on  heating 

111!  »ji»LD  on  Mny  !).    For  record 

eoalvito,  «oo  pnge  tea. 
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Microscopical  Examination  of  Water  from  Ludlow  Reservoir. 

[Number  of  organisms  per  cubie  centimeter.] 


1898. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nor. 

Dec 

Day  of  examination, 
Number  of  sample,         .       . 

17 
10398 

9 
10488 

7 
10004 

17 
10834 

8 
10975 

5 
11141 

10 
11299 

7 
11445 

PLANTS. 
Diatomaceee,    . 


Asterionella, 
Cyclotella, . 
Dtatoma,    . 
Fragilaria, 
Gompbonema, 
Melosira,    . 
Navicula,   . 
Synedra,    . 
Tabellaria, 

Cyanophycese, 

Anabsena,  . 
Chroococcun, 
Merismopcdia, 
Microcystis, 

AlgW,     . 

Botrycoccns, 

Chlorococcus, 

Closterlam, 

Coclastrum, 

Cosmarium, 

Pandorlna, 

Pcdlnstrum, 

Protococcus, 

Raphtdium, 

Scencdeemus, 

Sorastrum, 

Staurastrura, 

Tetraspora, 

Zoospores, 

Fungi,    . 

Crenothrlx, 
Molds, 


•            •             • 

489 

159 

56 

239 

466 

184 

276 

8 

1 

0 

0 

0 

0 

1 

0 

2 

0 

3 

76 

0 

1 

0 

0 

0 

6 

0 

0 

4 

0 

6 

0 

0 

0 

1 

0 

0 

0 

0 

2 

1 

0 

1 

898 

148 

56 

104 

196 

114 

260 

3 

1 

0 

0 

0 

1 

0 

80 

2 

0 

124 

192 

68 

8 

2 

0 

0 

0 

1 

0 

1- 

0 

6 

0 

130 

6 

29 

4 

0 

6 

0 

124 

6 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

29 

0 

0 

0 

0 

0 

0 

0 

4 

142 

114 

8,926 

861 

402 

121 

89 

0 

0 

0 

64 

96 

0 

0 

0 

46 

0 

0 

0 

22 

0 

0 

1 

3 

0 

0 

0 

0 

0 

0 

3,840 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

1 

7 

0 

0 

0 

0 

0 

0 

4 

8 

0 

2 

8 

2 

9 

0 

4 

0 

10 

0 

30 

0 

0 

2 

52 

8 

8 

0 

92 

38 

64 

540 

240 

88 

6 

0 

3 

0 

0 

4 

0 

0 

82 

7 

4 

200 

40 

0 

1 

0 

6 

0 

0 

0 

0 

0 

8 

2 

1 

1 

2 

0 

0 

0 

1 

4 

0 

1 

0 

21 

0 

1 

4 

0 

1 

0 

1 

0 

pr. 

0 

0 

0 

0 

20 

0 
0 
0 
0 
0 
0 
0 

1 

6 


0 
0 
0 
0 

8 

0 
0 
0 
0 

1 

0 
0 
0 
0 
2 
0 
0 
0 
0 


0 
0 


ANIMALS. 
Infusoria,   . 

Ciliated  Infusorian,  . 
Monan, 
Peridlnium, 
Synura, 
Trachelomonas,        . 

Vermes, 

Annrea, 
Monocerca, 
Kotatorlan  ova, 
Kotifer, 

Crustacea,  Cyclops, . 


8 

26 

0 

100 

21 

6 

9 

1 

0 

0 

0 

0 

0 

0 

5 

6 

0 

48 

0 

0 

1 

1 

1 

0 

0 

1 

3 

7 

1 

0 

0 

0 

0 

0 

0 

0 

20 

0 

62 

20 

8 

1 

1 

1 

3 

0 

2 

1 

0 

0 

1 

0 

0 

2 

1 

0 

0 

0 

3 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.04 

0 

0 

0 

140 

0 
0 
140 
0 
0 


8 

0 
0 

1 

2 


JRgmUantou*,  Zooglcea, 

0 

58 

0 

104 

60 

120 

108 

S3 

^^r^ 

640 

865 

3,989 

1,434 

958 

461 

457 

186 
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Table  showing  Heights  of  Water  in  Ludlow  Reservoir  at  times  when  Samples  of 
Water  were  collected  for  Analysis  in  1893. 

Note.  — Height  of  railway,  B3  1  feet  above  bottom  ol  reaervoir. 


„„.. 

"Mxt. 

»„. 

11*  mot  or 

■a... 

r«. 

F«t. 

Note  —  The  lieliiti  t  of  viler  In  Ibla  reeerrolr  Id  prnloui  yon  hm  bttl  |lni  w[ib  referot 
ic  bottom  of  the  nintn  pipe  leading  to  tbe  city,  which  I*  twenty-throe  feet  below  the  roll  way  an 
it  higher  th.in  ibe  boltom  of  tbe  reiorvolr  at  Ibe  dan. 


Chemical  Examination  of  Water  from  Chapin  Pond,  Ludlow. 

[Paria  per  100,000.] 


Iron,  .0025.    Odor,  nn  pleasant. Tbeeamole  woe  collected  from  the  pond  fifty  feet  from  ennre  and 

three  feet  beoenth  tbe  eurface. 

Microscopical  Examination. 

Alp*,  Santdtimuf,  wo. 

Water  Supply  of  Stockbridge — Stockbridge  Water  Company. 

Chemical  Examination  of  Water  from  Lake  Averic,  Stockbridge. 

[Part*  per  100,000.] 


Odor,  of  the  fir. 

plrc,  distinctly  v. 

on,  and  repreaen 
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Chemical  Examination  of  Water  from  Sachem  and  Hollow  Brook*,  Laneabonugk. 

[Parte  par  100,000.] 


Odor  of  tho  flni  umpla,  none;  of  lha  aecond,  fninily  vegetable,  becoming  it  ranger  on  heating  S  ° 
the  third,  boos,  becoming  dliiiucUy  aromatic  on  hentug;  of  Ita*  but  enmple.  faintly  vegetable. —  "X~* 
Ural  two  eamplea  wara  collected  from  Sachem  Brook,  a  abort  dletance  above  lu  Junction  with  noli**' 
Brook;  Ihelaet  two  eamplea  from  Hollow  Brook, a  abort  dlitanooabove  Ita  Junation  with  Sachem  Bro***1 


Microscopical  Examination. 

nilgnlficnnt  Dumber  of  orgenlema  waa  found  lo  each  of  theae  at 


Chemical  Examination  of  Water  from  Smith  and  Lulu  Brooks,  Pitttfield. 

[Parti  per  100,000.] 


Microscopical  Examination. 

No.  15633  waa  do!  examined.    Ad  insignificant  Dumber  of  organltmi  waa  foond  In  each  of  the  other 
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near  the  well.  The  watershed  of  the  brook,  above  a  point  opposite 
the  well,  has  an  area,  as  measured  from  the  State  map,  of  1.83 
square  miles.  Of  this  area,  fully  one-third  contributes  to  the  supply 
of  Muddy  Pond.  This  portion  of  the  watershed  is  an  elevated  and 
generally  level  gravelly  tract,  which  contains  a  great  many  depres- 
sions from  which  there  is  no  outlet,  and  the  portion  of  the  rainfall 
which  is  not  evaporated  sinks  into  the  ground  and  reappears  in  and 
around  Muddy  Pond  in  the  form  of  springs.  The  remainder  of  the 
watershed  drains  through  Leonard  Brook  and  enters  Muddy  Pond 
Brook  a  short  distance  below  the  pond. 

The  pond  is  about  three  hundred  feet  in  diameter  and  is  surrounded 
by  swampy  land,  at  the  edge  of  which  most  of  the  springs  appear. 

The  well  is  six  feet  in  diameter  and  is  said  to  be  thirty-nine  feet 
in  depth.  It  is  lined  with  brick  work,  the  portion  near  the  bottom 
being  laid  without  mortar.  Just  below  the  well  a  puddle  cut-off 
wall  was  constructed  across  the  valley  of  the  brook,  two  hundred 
and  forty  feet  in  length  and  forty  feet  in  depth.  The  excavation  for 
this  wall  is  said  to  have  been  through  six  feet  of  clay,  thirty  to 
thirty-two  feet  of  gravel,  and  two  to  four  feet  of  hard  pan.  On  the 
upper  side  of  the  wall,  just  above  the  hard  pan,  six  lines  of  four-inch 
tile  pipes  were  laid  to  the  collecting  well.  Between  the  well  and 
Muddy  Pond,  at  a  point  five  hundred  to  six  hundred  feet  above 
the  well,  a  dam  was  constructed  to  flow  an  area  of  34.3  acres 
to  an  elevation  about  twelve  feet  above  the  level  of  the  brook  at  the 
collecting  well.  The  pond  and  swampy  land  before  mentioned  were 
included  in  the  area  to  be  flowed.  It  was  thought  that  this  reservoir 
would  increase  the  supply  from  the  well,  but  as  it  was  found  upon 
trial  that  it  did  not,  and  the  water  was  of  such  character  that  it  was 
not  suitable  for  use  if  taken  directly  from  the  reservoir,  it  was 
abandoned. 

From  the  collecting  well  a  twelve-inch  cast-iron  pipe,  4,263  feet 
in  length,  conveys  the  water  to  a  pump  well  at  the  pumping  station, 
which  is  located  on  the  right  or  easterly  bank  of  the  brook,  just 
above  Central  Street.  The  pipe  is  turned  down  at  both  ends  and 
was  intended  to  act  as  a  siphon  when  the  water  in  the  collecting  well 
was  lower  than  the  pipe.  The  pump  well  is  a  water-tight  wrought 
iron  tank,  six  feet  in  diameter  and  twenty-six  feet  in  depth,  and 
from  it  water  is  pumped  to  the  town  and  to  the  open  iron  tank  for- 
merly used  in  connection  with  the  old  source  of  supply. 
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With  a  view  to  filtering  the  water  taken  from  the  brook,  a  email 
filter,  having  an  area  of  about  one  hundred  square  feet,  was  con- 
structed near  the  collecting  well.  The  filter  contains  five  feet  in 
depth  of  sand  and  gravel  of  various  degrees  of  fineness,  the  coarser 
material  being  at  the  bottom  of  the  filter  and  the  finer  at  the  top. 
Water  from  the  brook  can  be  turned  upon  the  filter  to  a  maximum 
depth  of  two  feet. 

After  it  was  found  that  the  collecting  well  would  not  furnish 
enough  water  for  the  town,  application  was  made  to  the  State  Board 
of  Health  for  advice  relative  to  taking  a  new  source  or  devising 
some  method  of  obtaining  a  larger  supply  from  the  present  plant. 
The  reply  of  the  Board  to  this  application  may  be  found  on  page  55 
of  this  volume. 


Chemical  Examination  of  Water  from  the  Stottghton  Water  Works. 
[Psm  par  loo.ooo.] 


Microscojrical  Examination. 
Dlatomnccns,  Urri&tm.l;  Pimwtaria.  I;    Synttfrd,  SO.     Fungi,  OmoUirit,  S.     UUcelliDtoui, 
Zodglaa.i.    T#il.2S. 

Watek  Supply  of  Swampscott  and  Nahant — Marble  head 
Water  Company. 

The  great  variation  in  the  quantities  of  chlorine,  total  residue,  and 
hardness  iu  this  water,  is  due  to  the  presence  of  a  small  quantity  of 
sea  water,  at  times,  in  the  water  of  some  of  the  wells  from  which 
the  supply  of  this  company  is  drawn. 
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Chemical  Examination  of  Water  from  the  Welts  of  the  Marblehead  Water  Com- 
pany, Swampscoll. 

[Parta  per  100,000  ] 


Averages  of  Analyses  of  Previous  Tears, 


November.     Iu  I 


Microscopical  Examination. 

■t  found  In  the  inmplm  collected  Id  April,  M»y,  Jane,  October  and 
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Water  Supply  of  Taunton. 

Works  were  nearly  completed  during  the  past  year  for  taking  an 
additional  supply  of  water  for  the  city  of  Taunton  from  Elder's  and 
Assawompsett  ponds  in  Lakeville.  The  design  of  the  new  works 
was  governed  to  a  large  extent  by  a  desire  to  utilize  the  more  valu- 
able features  of  the  existing  works,  consisting  of  a  pumping  station, 
in  which  a  new  pump  had  recently  been  placed,  on  the  bank  of  the 
Taunton  River,  above  Taunton,  and  a  filter-basin  near  the  river. 
The  direct-pumping  system  is  used  in  supptying  the  city. 

The  principal  features  of  the  new  works  are  a  thirty-inch  cast- 
iron  pipe  about  seven  miles  long  for  conveying  the  water  by  gravity 
from  Elder's  Pond  to  the  old  pumping  station,  and  a  new  pumping 
station  and  a  twenty-four-inch  cast-iron  force  main  nearly  6,000  feet 
in  length  for  lifting  and  conveying  water  from  Assawompsett  Pond 
into  Elder's  Pond. 

Elder's  Pond  has  an  area  of  145  acres,  a  maximum  depth  of  54.5 
feet,  and  a  practically  unpopulated,  sandy  watershed  of  195  acres, 
exclusive  of  the  pond.  Its  surface  is  about  eighty-six  feet  above 
high  tide  at  Taunton,  seventy-two  feet  above  the  sill  of  the  old 
pumping  station,  and  thirty-five  feet  higher  than  Assawompsett 
Pond. 

Assawompsett  Pond,  with  the  exception  of  the  Watuppa  lakes  the 
largest  body  of  fresh  water  in  the  State,  has  an  area  of  2,691  acres, 
and  is  the  lowest  of  a  chain  of  ponds  comprising  also  Long,  Great 
Quittacas  and  Elder's  Pond.  The  total  area  of  the  four  ponds  is 
5,652  acres.  The  area  of  the  watershed  above  the  outlet  of  Assa- 
wompsett Pond,  exclusive  of  the  water  surfaces  of  the  ponds,  is  39.8 
square  miles. 

The  water  of  Assawompsett  Pond  ranks  next  to  that  of  Elder's 
Pond  in  quality,  and  the  arrangement  of  the  works  by  which  this 
water  would  be  turned  into  Elder's  Pond  before  being  sent  to  the 
city  is  thought  to  insure  its  improvement,  both  by  mingling  with  the 
better  water  in  Elder's  Pond  and  by  the  opportunity  afforded  it  for 
bleaching  while  stored  in  this  pond.  A  suggestion  with  regard  to 
the  further  improvement  of  the  water  of  Assawompsett  Pond  by 
filtering  it  through  the  natural  ground  before  it  entered  Elder's 
Pond  is  contained  in  the  advice  of  the  Board  to  the  city  of  Taunton 
relative  to  these  sources  of  additional  supply,  which  may  be  found 
in  the  annual  report  of  the  State  Board  of  Health  for  1891  (page  32). 
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Provision  has  beeD  made  at  the  pumping  station  for  conveying 
the  water  of  Elder's  Pond  directly  to  the  pumps,  to  the  filter-basin 
or  to  the  old  twenty-inch  force  main  leading  to  the  city.  By  means 
of  the  connection  last  mentioned  water  could  be  supplied  under  .a 
light  pressure  to  portions  of  the  city  by  gravity  in  the  event  of  any 
accident  to  the  pumps.  A  twenty-inch  blow-off  discharging  into 
the  Taunton  Giver  has  also  been  provided. 

When  the  new  works  are  put  in  operation  the  use  of  the  Taunton 
River  as  a  source  of  supply  will  be  discontinued,  although  water 
may  still  be  drawn  from  the  filter-basin.  It  is  proposed,  however, 
to  retain  the  pipe  connecting  with  the  river  for  use  in  cases  of 
emergency. 

Chemical  Examination  of  Water  from  the  Filter- Basin  of  the  Taunton  Water 
Works. 

[PttU  par  100,000.] 


Averages  of  Analyses  of  Previous  Tears. 


nctly  TtfttabU  ud  gnuj,i 


sj 
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Microscopical  Examination  of  Water  from  the  Filter-Basin  of  the  Taunton  Water 
Works. 

[Number  of  orgmnlirai  per  cubit 


Chemical  Examination  of  Water  from  the  Taunton  River  at  Taunton. 

[Purls  par  1 00 .000.] 
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Chemical  Examination  of  Waterfront  the  Taunton  River  at  Taunton— Concluded. 

Averages  of  Analyses  of  Previous  Tears. 


Microscopical  Examination  of  Water  from  the  Taunton  Siver  at  Taunton. 

[Number  of  orgsnliiu  per  cubic  »M1  meter.] 
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Chemical  Examination  of  Water  from  Etder't  Pond,  LakevilU. 

[Peril  per  lOO.OOO.J 


Microscopical  Examination. 
rhe  total  number  or  onanlunc  per  cubic  centimeter  found  In  etch  of  thee 
:  No.  IUIM,  »;  Ko.l0Ml.13i;  No.  111*1,  10. 


Chemical  Examination  of  Water  from  Assauiompselt  Pond,  Lakeville. 

[  I'arta  per  100,000.] 


Iron,  .0001).    Oilot,  distinctly  vcsfMble. Tbe  uraplei  wen  collected  from  the  pood  near  Uw 

•urlaee  and  300  to  40u  feci  from  tbe  chore. 

Microscopical  Examination. 

Tlw  lolnl  number  of  orgnnlami  per  cubic  centimeter  found  In  each  of  thew  nmplcc  m  n  follow.: 
So.  UIBT,  302,  chiefly  mnehrymi ;  Ko.  10S80,  SI,  chiefly  Mtlailra ;  No.  11SI9,  105,  chiefly  AtlerloHiUa. 

Water  Supply  or  Uxbridoe. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Uxbridge 
with  reference  to  an  additional  water  supply  which  it  was  proposed 
to  take  from  either  Seagrave  or  Cold  Spring  Brook  in  Uxbridge  or 
from  Mciidon  Pond  in  McDdon,  together  with  the  opinion  of  the 
Board  as  to  the  relative  merits  of  these  sources,  can  be  found  on 
page  57  of  this  volume.  Further  reference  to  Mendon  Pond  as  a 
source  of  water  supply  for  Mendon  and  Uxbridge  can  be  found  on 
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page  39  of  this  volume,  and  on  page  46  of  the  annual  report  of  tbe 
Board  for  1892. 

Analyses  of  samples  of  water  from  these  sources  are  given  in  the 
following  tables. 

Chemical  Examination  of  Water  from  Cold  Spring  and  Seagrave  Brooks,  Vxbridge. 


the  liut,  fiilrMly  V,  iff  Utile. 


No.  10159.    Dlah 


If, 

3  lit  junctl 

the  lut,  .0010. 
ronffer  dd  hcallD| 
li  crciMcd  by  lb< 

on  with  Kmirmii 

Odor  of  the  Are 

1 The  Mill 

s  Old  Donifl*.  i 

Brook. 

u  u'rou 

j.  dlmm. 
.     .  .  ■ 

IMledTr! 
s  arid  go  r 
divert  n 

able;  oi 
irn  Cold 
Dd  BMI 

Mi 

,  ifertrllm 

croscopical  Examination. 

.    ToUI,»l. 
a,  a;  Mtridton, 

z 

1,3;   Fragil'Tia, 

"  "•"*""" 

So;  Jar, 

Iculu,  I; 

Chemical  Examination  of  Water  from  Mention  Pond,  Mention. 

[Pertaper  100,000  ] 


ii  fur  Ihol  moolh  hu  bi 


Icon,  .(Wis.    O.lor,  gencmlly  faintly  vegetable  or  none,  nrely  mook 

the  odor  it  .nmevvhn  mronitiT  am!  f  reqntnllv  mouldy. The  tnmplra  were  rmircTH  irom  ii 

within  Ilirei-  fwt  of  the  Mirfiicr,  wlih  the  e*ropllun  of  Mm.  MM!  nud  IMM,  which  wen  eolli 
dtptbi  of  fourUiD  and  one  hall  nnd  twelve  end  one-half  f Mt  respectively  btowUi  tiw  ratm. 
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Microscopical  Examination  of  Water  from  Mendon  Pond,  ilendon. 

[Number  of  orgulinu  per  cubic  e* 
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Chemical  Examination  of  Water  from  Meadow  Brook,  Mendon. 

[Parti  per  100,000.] 


'und,  >L  Ro billion's  UI  mill,  about  *  □ 

Microscopical  Examination. 


Chemical  Examination  of  Waler  from  Mumford  River,  at  Uxbridge. 


n  Capron'i  Food,  a  mill  pond  an  the  Mumford  Blnr,  In  the  Tlllige 

Microscopical  Examination. 

DMoaMM>,  EpUhtmta,  1;  Stauranri;  1;  Synedra,  K;  TabeUaria,  S.  Cyinophywie,  llerim 
pnlla,  4.  Alg»,  r««nariiini,  1;  fl/ipAJrfiunt,  4.  Ftutfl,  CrtnolhrlX,  8.  Iafnaorim,  TrathtlomOnai, 
II  Keel  lane  out,  2o6gtaa,  155.    Tol»l,  212. 


Water  Suitly  of  Wakefield  and  Stonetiam — Wakefield 

Water  Company. 
The  advice  of  tho  State  Board  of  Health  to  the  Wakefield  Water 
Company,  with  reference  to  obtaining  an  additional  water  supply 
from  the  valley  of  Saupus  River  and  its  tributaries,  within  the 
limits  of  the  town  of  Wakefield,  may  be  found  on  page  58  of  thia 
volume. 
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The  advice  of  the  Board  to  the  city  of  Lynn  with  reference  to 
taking  an  additional  supply  of  water  from  the  valley  of  the  Saugus 
River  and  its  tributaries,  may  be  found  on  page  25. 

Chemical  Examination  of  Water  from  Crystal  Lake,  Wakefield. 
[Pan*  per  loo.ooo.] 


Averages  of  Analyses  of  Previous  Years. 


led  Id  ranking  the  nverego. 

t  June  to  December.  J  January  to  October.  [  Jnui;,  March  and  J 

||  Throe  In  October.  •   II  Way  nod  Noromlj.tr. 

Notb  to  noalyeee  of  19BS;  Iron,  .0100.    Odor,  generally  (ulnllj  vcfreuble,  rarely  noi 
-  lieby. The  firat  ■ample  wu colJoclod  (turn  the  pond]  Ibe  remaining lamplei,  from  ft 
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WAKEFIELD  AND  8TONEHAM. 

Microscopical  Examination  of  Water  from  Crystal  Lake,  Wakefield. 

[Number  of  organism*  per  cubic  centimeter.] 


1898. 


Feb. 


April. 


Jane. 


Aug. 


Oct 


Dec. 


Dec. 


Day  of  examination, 
Number  of  sample,       .       • 

PLANTS. 
Diatomaceee, . 

Asterionella,    . 
Cyclotella, 

Dlatoma 

Fragilaria, 

Melo»lra,  .... 

Synedra,   . 

Tabellaria, 

Cyanophyceee, 

Anabrena, 

Anabwna  spores,     . 
Chroococcus,    . 
Clathrocystis,  . 
Microcystis, 

Alga, 

Pandorina, 
Prolococcus,     . 
Scenedesmus,  •        .        . 

Fungi,  Orenotbrlx, 

ANIMALS. 
Bhizopoda,  Arcella,        . 

Infusoria 

Pioobryon, 
Dinobryon  cases,     . 
EugleD*,  • 

Peridinium, 

Synura 

Trachelomonas, 

Miscellaneous,  Zo'dglcca, 
Total,      . 


15 
10007 


14 
10250 


15 
10518 


10 
10864 


17 
11109 


13 
11470 


19 
11507 


0 

7 

1,199 

18 

614 

275 

0 

1 

0 

0 

84 

68 

0 

1 

44 

1 

36 

28 

0 

0 

0 

0 

12 

0 

0 

0 

84 

0 

30 

25 

0 

0 

1 

3 

80 

0 

0 

8 

1,120 

0 

0 

2 

0 

2 

0 

14 

842 

152 

0 

0 

14 

104 

11 

0 

0 

0 

14 

28 

0 

0 

0 

0 

0 

20 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

28 

0 

0 

0 

0 

0 

28 

7 

0 

0 

0 

82 

124 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

54 

124 

0 

0 

0 

0 

24 

0 

0 

0 

0 

0 

0 

0 

5 

1 

182 

53 

47 
0 
0 
0 
0 

82 


0 
0 
0 
0 
0 


0 
0 
0 


0 

2 

0 

0 

0 

0 

0 

7 

2 

8 

33 

0 

0 

0 

0 

4 

5 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

1 

0 

0 

0 

7 

pr. 

1 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

2 

20 

0 

62 


20 


26 


28 


16 


0 
0 
0 
0 
0 
0 


62 


86 


1,323 


282 


679 


279 


132 


Walpole. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Walpole 
with  reference  to  taking  a  water  supply  from  the  ground  near  the 
Neponset  River,  or  tributaries  thereof,  within  the  limits  of  the  town, 
may  be  found  on  page  60  of  this  volume.  Analyses  of  samples  of 
water  collected  from  tubular  test  wells  near  the  Neponset  River  are 
given  in  the  following  table. 
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VAtFOLE. 

Chemical  Examination  of  Water  from  Tubular  Test  WelU  near  the  Neponaet 
River,  in  Walpole, 

[Parti  per  100,000.] 


Odor,  none. The  •ample*  wen  collected  from  tabular  tret  wella  on  Ibe  (utterly  rids  of  the 

Nepanaet  Hlvcr  about  one  mile  eontb  ol  ibe  village  of  Walpole.  The  flnt  aample  ni  collected  from 
Well  Ko.  1,  twenty  feel  In  depth,  located  nbont  aevenly  five  feet  from  lha  Naponaet  River  and  about  man 
hundred  and  fifty  feel  down  atream  (northerly)  from  the  mouth  of  Low  Brook ;  the  laet  aample,  from 
Well  So.  2,  thirty  feel  In  depth,  located  about  ninety  feet  from  the  Neponiet  Diver  nod  about  fifletn  feet 
northerly  from  Low  Brook. 

Microscopical  Examination. 

Nd.  10270.    Ko  onjulni. 

No.  102.1.    Dlatomaceai,  Sentdra.  1. 

Water  Supply  op  Waltham. 

Much  trouble  has  been  caused  in  recent  years  by  the  rapid  growth 
of  certain  low  forms  of  vegetation  in  the  filter-basin  and  well  of  the 
Waltham  water  works,  and  with  a  view  to  preventing  this  growth 
the  filter-basin  and  well  were  covered  in  the  autumn  of  1893.  The 
work  was  completed  before  the  November  and  December  samples 
were  collected,  and  the  improvement  in  the  quality  of  the  water  may 
be  seen  by  examining  the  tables  of  analyses  which  follow.  Reference 
is  also  made  to  the  character  of  the  well  water  in  a  reply  of  the 
State  Board  of  Health  to  the  Water  Commissioners  of  Waltham, 
which  can  be  found  on  page  Gl  of  this  volume.  The  distributing 
reservoir  has  not  been  covered,  so  that  the  quality  of  the  portion 
of  the  water  supply  of  the  city  which  passes  through  it  is  affected 
as  in  the  past  by  the  abundant  growths  of  microscopic  organisms. 

The  tilter-basin  before  being  covered  had  the  shape  of  a  rectangle 
with  one  corner  cut  off,  and  an  area  of  about  ten  thousand  square  feet. 
The  well,  which  is  located  in  the  centre  of  the  filter-basin,  is  forty 
feet  in  diameter  and  is  covered  with  a  dome  made  of  fiat  tiles  laid  in 
Portland  cement.  The  portion  of  the  tilter-basin  outside  of  the  well 
is  covered  with  a  series  of  brick  arches.  The  shape  and  size  of  the 
■»  fi.lter-basin  were  not  materially  changed. 
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WALTHAM. 

Chemical  Examination  of  Water  from  the  Well  and  Filter-Basin  of  the  Waltham 
Water  Works. 

[Parte  per  100.000.] 


Averages  of  Analyses  of  Previous  Tears. 


*  Where 

need  In  rmkl 

t  Juno  10 

iloce 

SF" 

;  January  to  Mmj'.                                     {  July. 

Note  to 

day;  of  So. 
ior.loil.-e,  ttn 
appeared  on 

M|y» 

ll.-.lnrLly 
Toe 

Odor  of  No  9930  Done,  becoming  distinctly  ■romstlc  after  Handing  one 
■romiitki  of  No.  Kill,  tery  faintly  vegetable;  of  Ko>.  10323  to  total, 

•ample*  were  collected  either  from  a  faucet  at  the  pumping  elation  while 
in.    The  .November  and  December  sample*  were  collected  after  the  cover- 
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WALTHAM. 

Microscopical  Examination  of  Water  from  the  Well  and  Filter-Basin  of  the 
Waltham  Water  Works. 

[Number  of  orgulimi  par  cubic  cant) motor.] 


-     - 
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WALTHAM. 

Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Waitham 
Water  Works. 

[Part*  par  100,000.] 


Averages  of  Analyses  of  Previous  Tears. 


1  January  to  May.  (  February.  II  May. 

;  Odor,  generally  faintly  aromatls  or  unpleaeant  or  Dose;  oo  holing, 

lly  dlaagreeableorfleby. Tbc  eamplei  were  collected  from  the  re 

e  exception  dI  tbe  lut  tiro,  wblcb  were  collected  from  the  reeertolr  at 
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WALTHAM. 

Microscopical  Examination  of  Water  from  the  Distributing  Reservoir  of  the 

Walthum  Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


1998. 


Jan. 


Jan. 


Feb. 


Feb. 


Mar. 


Mar. 


Apr. 


Apr. 


Day  of  examination, 
Number  of  sample, 


PLANT8. 
Diatomaceee,    . 


Asterionella, 
Cyclotella, 
Fragilaria, 
Meloaira,   . 
Synod ra,    . 
Tabeilaria, 


Algw,    . 


Chlorococcus,   . 
Protococcus, 
Rapbldium, 
Scenedesmus,    . 


Fungi,  Crenothrix, 


11 
0862 


26  ! 


14 


0029       10005 


28 
10047 


14  '  28 

10110       10172 


13 
10237 


27 
10322 


•        • 


•        • 


•        •        • 


3,364 

2,920 

52 

0 

0 

88 

304 


149 

0 

148 

0 

1 


pr, 

0 
o 
o 
o 

pr. 
0 


pr. 

0 

0 

0 

pr. 


299 

194 

4,287 

5,996 

246 

168 

3,916 

5,360 

3 

7 

0 

0 

15 

0 

0 

0 

2 

0 

10 

0 

11 

18 

836 

636 

22 

1 

5 

0 

7 

7 

7 

0 

0 

2 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

7 

5 

5 

0 

23 

12 

0 

0 

18,944     19,700 


0,544 
0 
0 
0 

9,400 
0 


I 


1 

0 
0 
8 


5,560 
0 
0 
0 

8,140 
0 


0 
0 
0 
0 


ANIMALS. 
Rhizopoda,  Aciinopbrys, 

Infusoria,  . 

Dinobryon, 
Dtoobryon  onsen, 
Encysted  prulozoa,  . 
M  onus,               . 
Peridlnium,       .        , 
Uvello 

Vermes,  Rotatorian  ova,   . 
Miscellaneous ,  Zoogloea, 
Total, 


0 

0 

0 

0 

5 

0 

pr. 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

1 

0 

0 

0 

pr. 
0 

0 
0 

0 
0 

0 

0 

0 

pri 

0 
0 

1 

0 

pr. 

0 

0 

48 

47 
0 
0 
0 
1 
0 


220   4,274   6,040   18,954  <  13,752 

I      I  ■ 


i 


Water  Supply  of  Ware. 

The  works  for  collecting  water  for  this  town  were  enlarged  in  the 
latter  part  of  181)3  by  sinking  twelve  tubular  wells  in  the  valley  of 
Muddy  Brook,  about  500  feet  north  of  the  large  well,  which  was 
previously  the  only  source  of  supply  for  the  town ;  and  by  con- 
structing a  well  nine  feet  in  diameter  and  six  feet  in  depth  at  the 
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WALTHAM. 

Microscopical  Examination  of  Water  from  the  Distributing  Reservoir  of  the 

Waltham  Water  Works  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1898. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

Day  of  examination,      .        . 
Number  of  sample,        .        . 

16 
10390 

14 
10515 

15 
10651 

16 
10806 

14 
11021 

10 
11160 

14 

11330 

13 
11475 

PLANTS. 
Diatomaceee,    . 

Asterlonella,     . 
Cyclotella, 
Fragilaria, 
Meloaira,  . 
Synedra,    . 
Tabeilaria, 

Algr»,     . 

Chlorococcus,   . 
Protococcus, 
Rapbidium, 
Bcenedesmus,   . 

Fungi,  Crenothrix, 


18,460 

231 

1,100 

5,400 

1,140 

888 

14,838 

080 

212 

020 

4,840 

700 

888 

14,800 

0 

6 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

12 

12,480 

8 

180 

560 

440 

0 

0 

0 

8 

0 

0 

0 

0 

26 

2 

1 

1 

2 

180 

4 

22 

0 

0 

0 

0 

0 

4 

2 

0 

0 

0 

0 

0 

0 

20 

0 

0 

0 

0 

180 

0 

0 

2 

1 

1 

2 

0 

0 

0 

0 

1 

0 

0 

0 

2 

0 

4,474 

4,400 
0 
0 
4 
2 
68 


0 
0 
0 
0 


ANIMALS. 
Bhlzopoda,  Actinophrys, 


Infusoria, 


Dinobryon, 
Dinobryon  canes, 
Encysted  protozoa, 
Monas, 
Peridinlum, 
Uvella, 


Vermes,  Rotatorian  ova,    . 


Miscellaneous,  Zooglcea,        . 


8 

0 

0 

0 

0 

0 

0 

7 

333 

4 

32 

23 

181 

32 

0 

196 

0 

0 

0 

164 

80 

0 

136 

2 

0 

18 

9 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

2 

0 

0 

2 

32 

4 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

2 

0 

0 

0 

0 

5 

70 

28 

0 

82 

4 

840 

104 
236 
0 
0 
0 
0 


Total, 


13,472 


571       1,175 


5,464 


1,343 


1,107 


14,896 


4,814 


site  of  a  large  spring  located  near  the  tubular  wells.  The  tubular 
wells  are  located  within  an  area  approximately  150  feet  in  length 
and  somewhat  less  than  100  feet  in  width.  The  depth  of  the  wells 
varies  from  twenty-eight  to  thirty-nine  feet  and  averages  thirty-four 
feet.  Water  from  the  wells  and  spring  flows  by  gravity  through  a 
twelve-inch  pipe  to  the  main  well. 
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WARE. 

Chemical  Examination  of  Water  from  the  Well  of  the  Ware  Water  Works. 
[Parti  par  W.ooo.] 


Averages  of  Analyses  of  Previous  Tears. 


•  Jn  no  io  Korembar.                      t  January  to  Juds.                      I  Febn 
S   November.                                          II  February,  July  and  December. 

nry. 

Noti  toanalyieaol  1S03;  Odor.  none. The  map  lea  were  collected  from  a  fane 

loo  iridic  pumping. 

"" 

Microscopical  Examination. 

No.   WB8.    No  organ  lama. 

No.  108IT.    Mliccllaneona,  ZoSglaa,  1. 

[Partap 

rlOO,W».J 

J 
s 

ArriAURCi. 

I 

:! 
I 

i..O.,.. 

t 
1 

6 

""=■" 

1 

i 

1 

1 

1 

3 

i 

5 

i 

i" 

1 

! 

1QM0 

IMS.    ' 

July   IT  J  Mm. 

Slight, 
•andy. 

... 

4.M 

m, 

Mia 

.i« 

.«» 

il 
il 

... 

.0000 

Odor,  none.—- The  (ample  iu  collected  from  the  ipring,  which 

Microscopical  Examination. 

Infmorla,  Prridlntum,  1. 


a  bean  connected  * 
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watertown  and  belmont. 

Water  Supply  of  Watertown  and  Belmont  —  Watertown 

Water  Supply  Company. 

The  Watertown  Water  Supply  Company  made  extended  investi- 
gations in  1893  with  reference  to  obtaining  an  additional  supply  of 
water  from  the  ground  in  the  vicinity  of  its  pumping  station  and 
examined  other  sources.  The  company  also  made  an  application  to 
the  State  Board  of  Health  for  its  advice  relative  to  the  improvement 
of  its  supply,  and  many  of  the  analyses  given  in  the  following  tables 
were  made  during  the  investigations  of  the  Board,  but  at  the  end 
of  the  year  the  matter  was  still  under  consideration. 

The  investigations  showed  that  the  water  collected  by  the  original 
filter-gallery  and  by  a  system  of  tubular  wells  northwesterly  from 
the  pumping  station  was  nearly  the  same  in  character  as  during  the 
earlier  years  of  the  operation  of  the  works,  but  water  collected  from 
the  ground  in  an  easterly  direction  from  the  pumping  station  has  to 
a  greater  or  less  degree  the  usual  characteristics  of  a  water  contain- 
ing  iron.  The  most  successful  results  were  obtained  from  some  six- 
inch  wells  located  about  950  feet  southeast  of  the  pumping  station, 
and  about  forty  feet  from  the  river.  A  temporary  pump  was  con- 
nected with  these  wells  in  the  summer  of  1893,  and  during  the 
summer  and  autumn  a  material  addition  to  the  water  supply  was 
obtained  from  this  source.  The  last  three  analyses  in  the  table  on 
page  314  are  of  samples  of  water  from  these  wells.  It  is  probable 
that  most  of  the  water  which  they  supplied  came  by  filtration  from 
the  river,  and  although  it  contained  iron  and  manganese  and  did  not 
show  the  high  degree  of  chemical  purification  which  water  attains 
when  it  filters  a  sufficient  distance  through  the  ground  under  favor- 
able circumstances,  it  was  rendered  very  nearly  pure,  bacterially, 
by  the  filtration. 

The  table  on  page  315  contains  the  analyses  of  water  from  two 
deep  tubular  wells,  one  located  near  the  pumping  station,  and  the 
other  in  the  centre  of  the  main  village  of  Watertown.  Neither  of 
these  deep  wells  furnished  any  large  quantity  of  water  nor  was  the 
quality  of  the  water  satisfactory,  and  no  part  of  the  water  supply 
of  the  town  is  now  taken  from  them. 
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WATEBTOWN  AND  BELMONT. 

Chemical  Examination  of  Water  from  a  Faucet  in  the  Pumping  Station  of  the 
Walertovm  Water  Supply  Company. 

[IttU  pst  100,000.] 


Averages  of  Analyses  of  Previous  Tears. 


raber.  |  Jinuorj  to  M»y.  ;  Augmt.  I  Beptembai 

«•  of  1883;   Odor,  genornlly  none,  occulonilly  mouldy  uid  ot 
lo  the  umplea  »ilh  lbs  higher  amounts  of  Iron  booms  turbid  II 
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WATEBTOWN  AMD  BELMONT. 

Microscopical  Examination  of  Water  from  a  Faucet  in  Che  Pumping  Station  of  (he 
Watertown  Water  Supply  Company. 

[Sumter  of  orfaoluna  p*r  cable  centimeter.] 


Chemical  Examination  of  Water  from  a  Faucet  in  Watertown,  supplied  from 

Hie  Works  of  the  Watertown  Water  Supply  Company. 
{Part*  per  100,000.] 


mltg  dliilnctly  gnpleenint  on  betting;  of  the  third  iimpli,  dla- 
of  No.  I0SM,  none,  becoming  veij  fninlly  vegetable  on  hot- 
—  The  eamplea  «( te  collected  from  ■  1  meet  In  ■  home  In  the 
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WATEETOWS  AOT1  BKLMONT. 

Microscopical  Examination  of  Water  from  a  Faucet  in  Watertoum,  supplied  from 
the  Works  of  the  Watertoum  Water  Supply  Company. 

[Number  of  organlama  per  enbia  centimeter.] 


•Chemical  Examination  of  Water  from  Tubular  Test  Wells  in  the  Vicinity  of  the 
Pumping  Station  of  the  Watertoum  Water  Supply  Company. 

[Parti  per  100,000.] 


•  Thl«  . 


nplc  contained  alio  0.1TM  perl  mnipieK. 


:im  six  Inch  tubular  well),  located  about  Dine  hundred  and  fifty  feat  eoatoeaet  of  the  pumping 
mil  about  forty  feet  from  the  river.  Water  naa  pumped  from  tbeM  ali-lDob  welli  Into  lb*  fllter- 
iu  the  aummer  and  autumn  of  liM. 
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WATERTOWH  AMD  BELMONT. 

Microscopical  Examination. 

No.  10418.     DtatomauB,  UthHra,  t;    Tabtllarla.  2.     Fund.  Cmtflirbt,  «.     IflecelleiMoaa, 
•.  ZoGglaa.2.    Total,  12. 

Bacterial  Examination. 

Three  eamplea  of  water  collected  on  June  30  from  tlie  two-loeta  flowing  w«11  from  which  Noe.  10418 
end  10.1M  vara  collected,  contained  an  BTerage  of  Ave  bacteria  per  cubic  centimeter,  the  highest  num. 
b«r  foond  being  aevon  and  iba  loweettwo. 

Three  iimpiti  of  water  collected  on  July  IT  from  the  alltnch  lobolar  walla  contained  an  avenge 

=o  aatnplea  being  collected,  each  at  which  eon. 


Chemical  Examination  of  Water  from  Deep  Tubular  Wells  in  WaLertown. 

[Part*  perl  00,000.] 


•  All  determination!  Dl  lb 

»«.,!.„.„ 

made  on  the  Altered  Baler. 

(Wo 

rot 

the  lint  •ample,  faintly  earthy ; 

of  tha  laat,  none. 

Th, 

lint  .ample  w. 

a  eolleoted  from 

11  right  In che a  In  diameter  and  i 

n  (I. 

tied  about  fifty 

to  of  tha 

Ion  or  Iba  Watertown  Water  8 

alar  we 

11  located 

re  of  the  main  vtl  Ingo  of  Water 

town  and  nea 

ftht 

1  itatlon.    It  la 

■aid  tb 

t' 

of  w 

aier  were  pnmped  from  the  lit 

tor  well  in  the 

twt 

nty-alt 

bo  ore  pro-tone 

to  the, 

Election 

Microtcopieal  Examination. 


Water  Scfply  of  Webster. 


Description  of  Works.  —  Population  is  1890,  7,031.  The  works 
are  owned  by  the  town  and  water  was  introduced  Jan.  1,  1894. 
The  town  had  been  supplied  for  many  years  previous  to  this  time 
from  works  owned  by  H.  L.  Slater,  the  source  of  supply  being 
Lake  Chaubunagungamaug.  The  new  source  of  supply  is  a  well 
twenty-five  feet  in  diameter  and  thirty  feet  in  depth,  located  on  the 
northwesterly  side  of  the  lake,  about  200  feet  from  the  shore.  The 
wall  of  the  well  is  made  of  stone,  laid  without  mortar,  for  a  height 
of  three  feet  above  the  bottom,  and  above  this  level  also  of  stone, 
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8FBINGFIELD, 

Microscopical  Examination  of  Water  from  Ludlow  Reservoir, 


The  number  of  organisms  found  in  the  Bamples  of  water  collected 
from  Ludlow  reservoir  in  the  mouths  of  January,  February  and  June 
was  insignificant.  In  March,  April  and  May  the  samples  contained 
respectively  3,850,  1,065  and  1,590  organisms  per  cubic  centimeter, 
consisting  almost  wholly  of  Dinobryon  or  Dinobryon  cases.  The 
results  of  the  microscopical  examination  of  samples  collected  daring 
the  remainder  of  the  year  are  given  in  the  following  table :  — 

Microscopical  Examination  of  Water  from  Ludlow  Reservoir. 
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WESTBOROUGH. 

Water  Supply  of  Westborough. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  West- 
borough,  with  reference  to  increasing  the  supply  of  filtered  water 
from  the  Lower  Sandra  Basin  by  facilitating  the  filtration  of  water 
from  the  Upper  Basin  into  it  through  the  intervening  ground  may 
be  found  on  page  63  of  this  volume. 

Water  Supply  of  Westborough  Insane  Hospital,  West- 
borough. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  at  the  Westborough 

Insane  Hospital. 

[Parts  per  100,000.] 


6 

a 


9936 
10162 
10444 
10678 


Av. 


a 
o 
3 


** 


s 

at 
Q 


1898. 

Jan.   25 

Mar.  27 
May   24 

July  18 


Appkaravcb. 


s 


a 

§ 


81ight, 

milky. 
Distinct, 

milky. 
Slight, 

milky. 
Slight, 

milky. 


None. 
None. 
V.  slight. 
V.  slight. 


3 


0.42 
0.30 
0.40 
0.18 


0.83 


82 
SW 

I 


11.15 
11.15 
10.95 
11.10 


11.09 


Ammonia. 


i 


o 

c 


.0846 
.0564 
.0720 
.0900 


.0758 


.0056 
.0068 
.0050 
.0050 


.0056 


a 
JS 

S 


.42 
.41 
.37 
.40 


.40 


NlTBOQKV 
AS 


5 
| 


.0030 
.0280 
.0000 
.0000 


.0078 


8 


.0001 
.0001 
.0000 
.0001 


.0001 


1 

s 

si 


.1131 
.0847 
.1575 
.1248 


.1200 


i 


at 


6.8 
6.0 
5.4 
5.8 


5.8 


.1300 
.1100 
.0675 
.0780 


.0964 


Averages  oj  Analyses  of  Previous  Years. 


1887* 

- 

- 

0.03 

11.29 

.0407 

.0033 

.42 

.0030 

- 

- 

- 

1888 

- 

- 

0.06 

11.27 

1.0502 

.0051 

.42 

.0045 

.0000 

- 

- 

1889f 

- 

- 

0.16 

11.41 

1.0530 

.0049 

.43 

.0030 

.0000 

- 

- 

1891t 

- 

- 

0.50 

11.80 

'.0784 

i 

.0109 

.43 

.0040 

.0000 

- 

6.0 

1893 

- 

- 

0.33 

11.09 

.0758 

.0056 

.40 

.0078 

.0001 

.1200 

5.8 

.0964 


*  Jane  to  December. 


t  January  to  May. 


X  July,  two  samples. 


Notb  to  analyses  of  1893;  Odor  of  the  first  sample,  none,  becoming  distinctly  vegetable  and  grassy 
on  heating;  of  the  second  sample,  offensive,  disappearing  on  heating;  of  the  remaining  samples,  none. 
The  samples  were  collected  from  a  faucet  at  the  pumping  station  while  pnmplng. 

Iron  in  considerable  amount  is  characteristic  of  the  water  of  these  wells.  It  oxidizes  promptly  on 
exposure  to  the  air  and  precipitates,  causing  first  a  milky  turbidity  and  then  a  rusty  precipitate.  Some- 
what similar  conditions  exist  in  the  water  supplies  of  Reading,  Bradford  and  other  places. 


Microscopical  Examination. 

The  organisms  found  in  these  samples  in  1893  were  chiefly  ZoOglosa,  the  greatest  number,  124,  being 
present  in  January,  and  the  smallest,  6,  in  May. 
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westfield. 

Water  Supply  op  Westfield. 

Chemical  Examination  of  Water  from  the  Storage  Beservoir  of  the  Westfield  Water 
Works,  on  Moose  Meadow  Brook,  Montgomery. 

[Paru  par  100,000.] 


soger  on  heaUou;  of  the  lul. 


Microscopical  Examination. 

No.  1O042.  DlatQinaceas,  AwterioutUa,  l,WO;  OBctoatit,  40;  Cbcoantma.  I ;  Cyclftclla,  2;  Diatoma, 
04;  SyntiJra,  SO,  Cyanopbyccai,  Spcirti,  1.  >lg«s,  CMoroeoeem,  8;  KapAWIwm,  *;  Siauratlrurn,  a. 
Fnngl,  CmotArix,  1.  Rhliopoda,  ,4rM«a.8;  IHJflugla,  a.  lufmorim,  iVrWiniBBi,  S4;  TVoeArfomoiiaa, 
3.    Vermel,  Jniirfo,  2;  Jfawarrea,  1 ;  AffarUi-a,  1.    Waoellanaoni,  ZoSglaa,  84.    Total,  2,144. 

No,  11800.  Diatom  mm  as,  AttertoiuIIa,  \U\  tfatieuta,  1;  Syrudra,  1;  Ttibillaria,  IIS.  AIg», 
5«nfdumur,  1 ;  .Slaurmiriim,  1;  Ztwipon;  1.  Fungi,  OenoMrfa,  24.  Infuaoria,  J*nicAsi«niojtaj,  J. 
Mljcellanecoi,  Zo6sIna,  32.    Total,  338. 

CAemicai  fxamtnofton  o/  VFoier  /r»i»  (Ae  Distributing  Beservoir  oj  the  Westfield 
Water  Works,  on  Moose  Meadow  Brook,  Montgomery. 

[Porta  per  100,000.] 


lor  of  the  Am  wmple,  distinctly  mouldy ;  of  the  lecaod,  distinctly  vegetable  sod 

it,  faintly  vegetable. The  aamplea  were  collected  from  the  lower  or  distributing 

itnery.    Water  flow*  from  the  aloraga  lo  the  distributing  reeervolr,  a  dlitaooe  of  a 
)  milea.lD  tbe  open  cbaonel  of  the  brook,  falling  more  than  400  feet  In  lu  couraa 
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WESTFTEU>. 

Microscopical  Examination  of  Water  from  the  Distributing  Reservoir  oj  the 

Westfield  Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


1S98. 

Jane. 

September. 

October. 

27 

2 

28 

10564 

10943 

11261 

PLANTS. 

182 

9 

5 

32 

8 
2 

pr. 

14 

126 

6 
0 
0 
2 
1 
1 
0 

0 
0 

1 

2 
1 
0 
1 

t 

19 

8 

0 
0 
0 
0 
2 

2 
7 
10 
0 
0 

0 

1 

0 
2 
0 

20 

84 

112  . 

ANIMAL8. 

19 

2 

0 

6 

14 
0 

0 
2 
0 

0 
0 
1 

18 

64 

1 

241 

168 

121 
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WESTTIELD. 


Chemical  Examination  of  Water  from  a  Faucet  in  Weslfield,  supplied  from  the 
Westfield  Water  Works. 

[Peru  par  100,000.] 


•  Received  Id  bbomloiy  February  Si. 
Iron,  .0088.    Odor,  Molly  vegetable. The  uraplia  were  collected  from  a  faucet  Id  ILe  town. 

Microscopical  Examination  of  Water  from  a  Faucet  in  Wcstfield,  supplied  from 
the  Westfidd  Water  Works. 

[Koniber  of  org»nl«ra>  per  COblC  centimeter.] 
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1WI. 

™™» 

HUT. 

,...„. 

•a 
loot] 
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10334 
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V- 
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1 
4 

IT 

pr. 
1 

18 

ai-S,":   ::::::::: 
JBS£:   ::::::::: 
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pr- 

po 

pr. 

ANIMALS. 

14 
14 

44 

i 
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WEST  BPBINGFTKLD. 

Water  Supply  or  West  Springfield. 
The  town  of  West  Springfield  extended  its  works  in  1893  with  a 
view  to  supplying  water  to  the  village  of  Mittineague,  which  is  sit- 
uated at  too  great  an  elevation  to  be  supplied  with  water  from  the 
existing  works.  The  new  source  of  supply  is  a  well  twenty-five 
feet  in  diameter  and  fourteen  feet  deep,  located  at  the  Craig  Spring, 
a  short  distance  below  the  storage  reservoir.  The  well  is  supplied 
in  part  by  the  numerous  springs  in  its  vicinity,  the  water  of  which 
is  collected  by  means  of  small  pipes  into  a  main  pipe  which  carries 
it  to  a  settling  well  and  thence  to  the  main  well.  Water  is  pumped 
from  this  well  by  means  of  a  windmill  to  a  tank  at  Mittineague. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  West 
Springfield  relative  to  an  additional  water  supply  for  the  town  may 
be  found  on  page  fi5. 

Chemical  Examination  of  Water  from  Various  Sources,  collected  during  an 
Investigation  for  an  Additional  Water  Supply  for  West  Springfield. 

[Parts  per  100,000.] 


Iron.  .0011.     Odor  of  tha  flrat  and  fourth   enmples,  distinctly  vegetable  and  gtaeay,  becoming 
fatally  vegetable  on  heating;   of  the  second  and  third,  none;   of  tot  laal  [wo,  very  faintly  Tegelsv 

ble. The  flrat  jample  ni  collected  from  Baar  Bole  Brook,  In  tha  nonhweiterly  part  of  Weal 

Springfield,  nt-ar  ibe  Maaaaaolt  Spring,  and  about  two  mile*  below  the  outlet  of  Ashley  Pond;  tb* 
second,  from  Ibe  Wassasolt  Spring;  the  third,  from  Leonard  Brook  in  Agawsm,  about  half  a  mile  above 
Its  mouth.  This  brook  la  a  very  small  tributary  of  the  Wealfleld  River,  and  enters  It  from  the  eoulh 
at  the  dm  bridge  above  Ha  mouth.  Ths  fourth  aamplo  was  collected  from  Lalhrop  Brook  In  Waat 
Springfield,  a  amall  tributary  of  Block  Brook,  entering  it  about  a  mil*  and  a  half  from  Its  mouth; 
the  fifth  (ample  from  Hyde  Brook  In  Weat  Springfield,  at  the  point  where  It  Is  crossed  by  a  road  leading 
from  Ultilncagire  to  Prospect  Bill;  and  the  last  sample  from  the  Craig  Spring,  which  la  now  used  to 
supply  the  village  of  Mittineague. 


322 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


\TEST  SPRINGFIELD, 

Microscopical  Examination  of  Water  from  Various  Sources  collected  during  a 
Investigation  for  an  Additional  Water  Supply  for  West  Springfield. 

[Sumtwr  of  oipnitiu  par  sable  esorlDMar.] 
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Water  Supply  of  Weymouth. 

Chemical  Examination  of  Water  from  Faucets  in  Weymouth,  supplied  from  the 

Weymouth  Water  Works. 

[P»rU  p»r  loo.ooo.] 
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WEYMOUTH. 

Chemical  Examination  of  Water  from  Faucets  in  Weymouth,  etc.—  Concluded. 

Averages  of  Analyses  of  Previous  Years. 

[Parti  per  100,000.] 


•  June  to  December.  f  January  la  May.  J  July. 

Nore  In  aualyaee  of  1601;   Iron,  .0182.     Odor  of  the  flrmtiamplo,  dlilfnclly  vegetable;  of  the  teeocd 

ad  Im  samples,  faintly  vegetable;  of  the  third  aample,  none. Tha  iimplet  ware  collected  from 


Microscopical  Examination. 


Wateb  Supply  op  Whitman. 

The  advice  of  th©  State  Board  of  Health  to  the  town  of  Whitman, 
with  reference  to  taking  an  additional  supply  of  water  for  that  town 
from  ponds  in  Pembroke,  Hanson  and  neighboring  towns,  may  be 
found  on  page  67  of  this  volume. 

For  analyses  of  samples  of  water  from  the  various  ponds  men- 
tioned in  the  reply  of  the  Board,  see  Abinglon,  Hanson  and  Pem- 
broke. Analyses  of  samples  of  water  from  the  present  sources  of 
supply  are  given  below. 

Chemical  Examination  of  Water  from  the  Fitter- Gallery  of  the  Whitman 
Water  Works. 

[Peru  per  100,000.] 
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TAUNTON. 

Microscopical  Examination  of  Water  from  Elder**  Pond,  Labevffie. 

[Bf umber  of  orfiui>mi  per  cabin  centlmeler.  ] 


9  -j  a 

k         m 
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WHITMAN. 

Chemical  Examination  of  Water  from  EobarCt  Pond,  Whitman. 

[Put!  per  100,000.] 


Averages  of  Analyse*  of  Previous  Years. 


cornlnf  HBplt*aut  Id  Iho  flril  two  umplee 


Microscopical  Examination  of  Water  from  HobarCs  Pond,  Whitman. 

[Number  of  organlimi  per  cubic  centimeter.] 
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WHITMAN. 

Microscopical  Examination  of  Water  from  SobarCt  Pond — Concluded. 

[Number  of  orgwf  joii  per  cable  centimeter.] 
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Water  Supplt  of  Winchester. 

Chemical  Examination  of  Water  from  the  North  Reservoir  of  the  Winchester 
Water  Works. 

[Parte  per  100,000.] 
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WINCHESTER. 

Chemical  Examination  of  Water  from  the  North  Reservoir  of  the  Winchester 

Water  Work*— Concluded. 

Averages  of  Analyses  of  Previous  Tears. 

[Parts  per  100,000.; 


*  Jnoa  IO  Damn  be  r. 


Mieroscopicat  Examination  of  Water  from  the  North  Reservoir  of  the  Winchester 
Water  Works. 
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WINCHESTER. 

Microscopical  Examination  of  Water  from  the  North  Beservoir  of  the  Winchester 
Water  Works— Concluded. 

[Number  of  orgtnlnmt  par  ■ 
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Averages  of  Analyses  of  Previous  Years 

: 

1891* 
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2. OS  i|. 0110. MM 
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WINCHESTER. 

Microscopical  Examination  of  Water  from  the  South  Reservoir  of  the  Winchester 

Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


189S. 


Jan. 


March. 


May. 


July. 


Sept. 


Not. 


Day  of  examination, 
Number  of  sample, . 

PLANTS. 
Diatomaceee,     . 

Asterionclla, 
Cyclotella,  . 
Melonira,     . 
8tephanodiscus, 
Byntdra,     .        .        • 
Tabellaria, . 

Cyanophyceee, . 

Anabana,  . 
Anabsena  spores, 
Clalhrocystis,     . 
Microcystis, 
Ovcillaria,  • 

A\g2B 

Chlorococcus,    • 

Clostcrium, 

l'rotococcus, 

ANIMALS. 
Infusoria,    . 

Dead  infusoria,  . 

Dinobryon, 

Dinobryon  cases, 

Euglena, 

l'eridinium, 

Trachelomonas, 

Vortlcella,  . 

Vermes, 

Anurea, 
Monoccrca, 
liotatorian  ova,  . 
bacculuM,     .        . 

Miscellaneous y  Zooglcea,  . 
Total, 
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WOBTJRN. 

Water  Supply  op  Wobttrn. 

Chemical  Examination  of  Water  from  the  Filter-Gallery  oj  the  Woburn  Water 
Works. 

[Parts  per  100.000.] 


Averages 

f  Analyses  of  Previous  Years. 
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-  June  to  Deecmner. 
I;  Odor,  none. The  Mmplci  were  collected  from  the  filler  gallery. 


Microscopical  Examination. 
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WOBUB3T. 

Cliemical  Examination  of  Water  from  Horn  Pond,  Woburn. 

[Pert!  per  100,000.] 


Averages  of  Analyses  of  Previous  Years. 


entlyunpleu.nl:  oc 

the  pumping  stniltm  of  the  Woburn 
.    Tbe  iwnplei  were  collected  about 
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WOBTTRN. 

Microscopical  Examination  of  Water  Jrom  Born  Pond,  Wobum. 

[Number  of  or|aol*n»  ptr  cubic  caallmcttr.] 
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WOnCESTEB. 

Water  Supply  of  Worcester. 
During  the  past  year  the  raising  of  the  dam  of  the  Holden 
■  storage  reservoir  has  been  completed  and  the  capacity  of  the  reser-  . 
voir  increased  by  nearly  300,000,000  gallons.  The  work  consisted 
of  strengthening  the  dam  on  the  lower  side  by  widening  its  base  and 
increasing  its  height  to  a  level  of  ten  feet  above  the  old  dam,  allow- 
ing the  latter  to  form  a  berme  in  the  completed  structure.  The  area 
of  the  reservoir  is  now  149-5  acres,  and  its  capacity  742,000,000 
gallons.  Its  greatest  depth  is  30.1  feet  and  its  average  depth  about 
lfl.2  feet.  The  area  newly  flowed  has  been  prepared  by  removing 
the  trees  and  bushes  and  much  other  objectionable  material,  and  by 
covering  the  swampy  places  with  gravel. 

Leicester  Supply — Chemical  Examination  of  Water  from  the  Lynae  Brook 

Storage  Reservoir. 

[Puu  per  100,000.] 


Averages  of  Analyses  of  Previous  Tears. 


Note  to  wilyan  of  15W;  Iron,  .0210.    Odor,  vegetable,  ruraly  anplcanat,  lomMlmci  none;  on 

hutln(,  the  odor  la  eomewbat  elrongrr  and  frequently  tmplrinnt, Tba  uinplea  were  collected. 

from  the  reeervolr  Dear  Ibe  (ata-BOHa*  abont  on*  foot  beneath  the  auifnco. 
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Microscopical  Examination  of  Water  from  the  Lyndc  Brook  Storage  Reservoir. 

[Somber  of  orgBDlima  par  cubic  MDllmetat.] 
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Holms  Supply  —  Chemical  Examination  of  Water  from  the  Tatnuek  Brook 
Storage  Reservoir. 

[Parti  per  100,000.] 


,„*/ 


Aixraget  of  Analyses  of  Previou*  Tears. 


ir.  to  mihIj'ki  of  1893;  Iron,  .0103.  Odor,  generally  faintly  vegetable,  oeci 
(ly  none;  on  bfatlnu,  the  odor  la  much  itrongerand  very  frequently  unpleaai 
Uncled  from  the  rcierruir  sear  the  gate-bouee,  one  foot  beneath  the  Mr/ale. 
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Microscopical  examination  of  Water  from  the  Tatnuck  Brook  Btorage  Rtsercoir. 

[Number  of  nrgnnluiii  per  en  bit  otntlmcUr.] 
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Chemical  Examination  of  Water  from  Hermitage  Pond,  Worcester. 
[F»rup«r  100,000.] 
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Microscopical  Examination. 

Dlnlomnccn,  Aitrrianilla,  M;  Cytlotrlfo,  1;  EpIOltmla.  I  1  FraBllarla.  f.  Jftiotirtl.  J1S;  SinHdm. 
101.  Cj«nophr«».  Cto(*™ci«W»,  14.  Alga,  ClMMrt«m.S;  (Wwrliim.  1 ;  /V<fJaif>imi,2l;  Imidkr 
mm.  8;   Sliurciilrum,  141;   Zoitpmt,  1     tnfuorla,  Maota-pia,  Si;   /VrfrfJndim,  3;    Vortietlla,  0. 

Vm»M.  ^iiwm,  l;    ft/jwHrj,  1  ;    flolutortan  j»,  !;    flsl^r,  !.     CriitiM,   Cfcttpi,  .1)1.     HlKal- 
Uoeom,  Zuwjlan,  80.     ToUl.  707. 
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During  the  year  1893  regular  monthly  examinations  were  made 
of  the  waters  of  the  Blackstone,  Merrimack,  Nashua  (below  Fitch- 
burg),  Neponset,  Housatonic  and  Taunton  rivers,  and  during  the 
latter  portion  of  the  year,  in  connection  with  the  investigations 
for  a  metropolitan  water  supply,  of  the  Charles  at  South  Natick, 
Deerfield,  Nashua  (above  Clinton),  and  its  tributaries,  the  Quine- 
poxet  and  Stillwater,  Shawsheen  and  Ware  rivers.  A  special 
examination  has  also  been  made  of  the  tidal  portion  of  the  Charles 
River,  which  is  a  repetition  of  the  examination  of  this  stream  made 
in  189.3,  and  occasional  examinations  of  other  rivers  in  the  State. 
Most  of  the  results  of  these  examinations  will  be  found  arranged 
alphabetically  by  rivers  in  the  pages  which  follow ;  but  some  of 
them  are  given  on  preceding  pages  in  connection  with  the  examina- 
tions of  water  supplies,  under  the  names  of  the  towns  where  the 
samples  were  collected,  as  follows  :  — 

Page 

Town  River  (a  tributary  of  the  Taunton)  at  Bridgewater,         .        .  125 

Neponset  River  at  Hyde  Park, 177 

Merrimack  River  at  Lawrence, 181 

Merrimack  River  at  Lowell, 193 

Taunton  River  at  Taunton, 296 

Blackstone  River. 

The  character  of  the  water  of  the  Blackstone  River  is  closely 
related  to  the  disposal  of  the  sewage  of  the  city  of  Worcester,  and 
it  is  therefore  of  interest  to  note  that  during  1893  the  capacity  of 
the  precipitation  works  for  treating  the  sewage  of  this  city  has  been 
greatly  increased  by  the  construction  of  new  precipitation  tanks  and 
other  additions  to  the  works,  which  were  used  for  the  first  time  on 
July  15.  A  full  description  of  the  works  as  originally  constructed, 
and  the  results  of  a  special  examination  of  the  works  and  the  river 
during  one  week  in  1891,  can  be  found  in  the  annual  report  of  the 
State  Board  of  Health  for  that  year  (pages  267-295). 
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Six  precipitation  tanks  were  constructed  at  first,  and  ten  new 
tanks  of  the  same  area  as  the  old  ones  were  added  in  1893.  The 
new  tanks,  however,  are  longer  and  narrower  than  the  others,  their 
dimensions  being  166.67  feet  long,  40  feet  wide  and  5  feet  deep 
below  the  bottom  of  the  inlet  and  outlet  channels.  When  in  opera- 
tion the  tanks  are  filled  to  a  depth  of  about  six  and  a  half  feet,  and 
with  this  depth  they  contain  about  5,000,000  gallons  of  sewage. 

For  the  information  of  those  who  are  not  familiar  with  the  pre- 
vious history  of  these  works  it  m;iy  be  stated  that  the  sewage  of 
•  Worcester  is  not  taken  directly  from  the  sewers  to  the  precipitation 
works,  but  is  first  discharged  into  Mill  Brook ;  and  it  is  the  mingled 
sewage  and  brook  water  which  is  conveyed  to  the  precipitation 
works  and  treated.  Before  the  recent  enlargement  of  the  works 
only  a  small  part  of  the  flow  of  this  brook  could  be  treated,  and  the 
remainder  of  the  sewage  went  directly  into  the  Blackstone  River ; 
but  the  new  works,  which  are  said  to  have  a  nominal  capacity  of 
15.000,000  gallons  per  day,  and  to  be  capable  of  treating  with  very 
good  results  a  somewhat  larger  quantity,  are  thought  to  be  of  suffi- 
cient capacity  to  take  the  whole  flow  of  the  brook  under  all  ordinary 
conditions. 

The  Worcester  sewage  is  unusual  in  its  character,  both  on  account 
of  its  dilution  by  the  brook  water  and  because  of  the  large  amount 
of  iron  salts  (mainly  sulphate  of  iron)  which  it  receives  from  time 
to  time  every  working  day  from  the  large  iron  and  wire  works  in 
the  city.  Lime  has  been  the  only  precipitant  added  to  the  sewage 
in  1893,  and  when  iron  is  present  in  the  sewage  a  satisfactory  pre- 
cipitation results.  The  sewage,  however,  contains  iron  only  a  part 
of  the  time,  and  it  is  therefore  the  custom  to  store  the  sewage  con- 
taining iron  in  two  of  the  old  precipitation  tanks  so  that  it  can  be 
used  to  mingle  with  the  sewage  subsequently  arriving  and  containing 
no  iron,  and  in  this  way  form  a  satisfactory  precipitate  at  all  times. 

Owing  to  the  increase  in  the  quantity  of  sewage  treated  it  has 
been  necessary  to  increase  the  capacity  of  the  tanks  in  which  the 
chemicals  are  mixed,  and  the  old  mixers  have  therefore  been  re- 
placed by  two  new  iron-lined  mixers,  each  sixteen  feet  long,  eight 
feet  wide  and  three  and  a  half  feet  deep.  Lime  is  turned  into  the 
mixers  from  the  floor  above,  and  the  mixture  with  water  is  accom- 
plished by  means  of  compressed  air  discharged  through  perforated 
pipes  in  the  bottoms  of  the  mixers.     The  lime  mixture  is  conveyed 
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through  six-inch  iron  pipes  to  the  sewer  at  a  point  ninety  feet  above 
the  screens,  instead  of  being  discharged  as  formerly  below  the 
screens.  This  change  was  made  in  order  to  insure  a  more  thorough 
mixing  of  the  lime  with  the  sewage  previous  to  subsidence.  The 
amount  of  lime  necessary  to  make  the  sewage  alkaline  is  determined 
by  frequent  tests  with  phenolphthalein. 

The  continuous  process  of  precipitation  is  used,  the  sewage  flow- 
ing through  the  different  tanks  in  order,  and  the  effluent  being 
discharged  continuously  from  the  last  one.  The  fall  of  the  effluent  is 
utilized,  by  means  of  a  turbine  wheel,  to  furnish  power  at  night  for 
lighting  the  works  by  electricity,  and  in  the  day  time  for  pumping 
the  sludge  by  means  of  a  Shone  ejector  to  sludge  beds  located  near 
the  Blackstone  River.  These  beds  at  the  present  time  cover  an  area 
of  about  fourteen  acres.  During  1893  nearly  all  of  the  sludge  was 
disposed  of  to  farmers  for  use  as  a  fertilizer. 

During  the  year  ending  Nov.  30,  1893,  1,795,000,000  gallons  of 
sewage  were  treated  and  1,105  tons  of  lime  were  used,  making  the 
amount  of  lime  1,232  pounds  per  million  gallons  of  sewage.  The 
amount  of  solid  matter  removed  from  the  water  during  the  year 
amounted  to  2,360  tons. 

The  Worcester  precipitation  works  have  always  been  very  intelli- 
gently operated  under  the  direction  of  skilled  chemists  and  engineers, 
and  the  following  quotations  from  the  annual  report  of  the  superin- 
tendent of  sewers  for  the  year  ending  Nov.  30,  1893,  will  be  of 
interest  as  indicating  the  manner  in  which  the  work  is  carried  on 
and  the  results  obtained  in  the  treatment  of  sewage  since  the  works 
have  been  enlarged. 

"From  the  first  day  the  plant  was  operated,  June  25,  1890,  continued 
experiments  have  been  made ;  at  first,  these  were  wholly  mechanical  and 
at  random,  but  it  was  soon  found  that  a  systematic  study  of  the  whole 
problem  must  be  made  if  the  work  was  to  be  successful.  Accordingly  a 
well-equipped  chemical  laboratory  has  been  provided  and  the  problems  met 
in  actual  manipulation  are  made  subjects  for  special  investigation.  That 
this  move  has  been  productive  of  good  is  shown  by  the  reduction  of  from 
thirty  to  fifty  per  cent,  in  the  cost  of  chemicals  used  per  million  gallons  of 
sewage  treated. 

Analyses  of  sewage  and  effluent  are  made  daily.  The  samples  for  analy- 
sis are  each  composed  of  twenty-four  portions  taken  hourly.  Thus,  by 
averaging  results  for  several  days,  an  effluent  is  obtained  corresponding  to 
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the  sewage,  and  the  per  cent,  of  impurity  removed  is  easily  calculated. 
This  per  cent,  removed  is  the  indicator  which  shows  the  efficiency  of  the 
treatment. 

Records  of  all  analyses  are  kept  in  two  forms ;  one  simply  the  numerical 
tabulation,  the  other,  a  graphical  illustration  showing  at  a  glance  the  con- 
stitution of  the  sewage  and  effluent,  as  well  as  the  per  cent,  removed. 

It  will  be  noticed  from  accompanying  table  A,  that  the  sewage  dealt 
with  is  remarkably  strong,  considering  that  about  half  of  it  is  water  coming 
directly  from  North  Pond.  It  is  also  interesting  to  note  that  the  effluent 
contains  only  two  and  one-half  parts  per  100,000  of  matter  in  suspen- 
sion, and  that,  of  this,  only  one  and  one-tenth  parts  are  organic  matter. 
Thus,  by  treatment,  the  organic  suspended  matter  has  been  removed  to  the 
extent  of  90.76  per  cent.  The  total  dissolved  residue  and  the  total  and 
dissolved  fixed  residue  are  negative  results,  undoubtedly  due  to  the  large 
quantity  of  lime  retained  in  solution  in  the  effluent.  From  table  A  the 
result  of  the  treatment  of  the  sewage  since  July  15  can  be  followed  by 
months,  and  the  averages  are  given  for  the  whole  period." 

44  As  the  total  volatile  residue,  the  total  albuminoid  ammonia  and  the  total 
oxygen  consumed  represent  the  amount  of  organic  matter,  these  only  are 
shown  here : 

Total  volatile  residue, 51.06  per  cent,  removed. 

Total  albuminoid  ammonia,  .        .        .        .        49.19    "       "  •' 

Total  oxygen  consumed,        ....        83.27 


it  II  14 


The  work  done,  as  shown  by  these  results,  is  very  good,  and  should 
fully  carry  out  the  object  of  the  plant,  viz.,  not  to  transform  sewage  into 
a  potable  water,  but  to  abate  and  finally  terminate  a  nuisance  to  neighbor- 
ing villages  along  the  Blackstone  River." 

The  results  in  1893  are  hardly  as  good  as  those  obtained  during 
the  special  examination  for  a  week  in  1891,  but  the  difference  is  not 
very  great,  and  the  amount  of  chemicals  used  per  million  gallons 
during  this  year  has  been  much  less  than  during  the  week  referred  to. 

The  regular  monthly  examinations  of  the  water  of  the  Blackstone 
River  have  been  continued  as  in  previous  years,  and  the  results 
are  given  in  the  tables  on  pages  346-351.  The  first  two  tables 
contain,  respectively,  the  results  for  each  calendar  year  and  for  the 
six  months  of  each  year  from  June  to  November,  from  the  time 
when  the  examinations  were  first  begun  in  June,  1887,  to  the  end 
of  1893. 
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Averages  of  Chemical  Analyses  of  Water  from  the  Blackstone  River 

for  the  Years  1888  to  1898,  inclusive. 

Blackslone  River  between  Mill  Brook  Channel  and  the  Sewage  Precipitation  Works. 

[ParU  per  100,000.] 
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Averages  of  Chemical  Analyses  of  Water  from  the  Blackstone  River 
for  Six  Months  from  June  to  November,  inclusive,  of  Each  Year 
from  1887  to  1893. 

Blackstone  Biver  between  Mill  Brook  Channel  and  the  Sewage  Precipitation  Works. 

[Parts  per  100,000.] 
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5.59  ! 

.4913 

.1950 

.1127 

.0823 

[2.29 

.0192 

.0037 

6.0 

II 

II 

1892,     . 

0.52  j 

6.30  ' 

.3547 

.1433 

.0708 

.0725 

j  2.43 

.0227 

.0108 

6.1 

It 

II 

1893,     . 

0.40  j 

i 

16.98 

4.55  | 

.1480 

i 

.0588 

.0240 

.0348 

j  1.01 

.0115 

.0016 

6.3 

Blackstone  Biver  below  Sewage  Precipitation  Works. 


Jane 

Nov 

,  188i,     •        .        • 

0.91 

_ 

_ 

j.2686  1.1741 

. 

1 

I 

1.35 

.0160 

• 

ii 

ii 

1888,     . 

0.76 

- 

- 

,.2658  1.1112 

.0557 

.0555  1 

1.50 

|.0382 

.0041 

- 

it 

it 

1889,     . 

0.86 

- 

- 

1.3980 

.1430 

.0772 

.0658  ! 

1.32 

.0177 

.0026 

- 

«i 

ii 

1890,     . 

0.97 

11.36 

3.10 

,.2907 

.1492 

.0722  '.0770 

1.46 

.0270 

.0018 

3.9 

ii 

ii 

1891,     . 

1.05  ' 

22.25 

6.60 

j.6367 

.1508 

.0883  1.0625 

2.61 

.0233 

.0040 

6.2 

it 

ii 

1892,     . 

0.63  1 

26.80 

7.75 

'.5240 

i 

.1810 

.0958    .0862 

3.18 

.0137 

.0050 

10.3 

ii 

ii 

1893,     . 

0.51  ■ 

1 

130.00 

7.13 

.5680 

.1453 

.0900  j.0553 

2.76 

i 

.0285 

.0126 

10.9 

Blackstone  Biver  at  Uxbridge. 


June-N 

ov.,  18S7,     . 

1 

0.39 

1      . 

1 
j.1129 

.0271 

• 

. 

0.79 

i 

,.0360 

• 

. 

ii 

••      1888. 

t               m 

0.38 

6.42 

1.52 

j.1155 

.0288 

.0222 

.0066 

0.68 

.0310 

.0007 

- 

ii 

••      18S9, 

• 

0.32 

- 

- 

.1133    .0296 

.0192 

.0104 

0.66 

.0383 

.0009 

- 

•i 

••      1S90, 

• 

0.26 

8.86 

2.12 

1.1629    .0231 

.0174 

.0057 

0.79 

|.0259 

.0005 

2.9 

•i 

"      18'.»1,     , 

• 

0.20 

10.16 

2.61 

1-2280 

.'0175 

.0117 

.0058 

1.04 

1.0425 

.0007 

3.6 

ii 

"      1892, 

• 

0.13 

9.36 

1.88 

1.2840    .0227 

.0162 

.0065 

0.99 

1.0313 

.0007 

3.1 

•i 

••      1893,     . 

• 

0.24 

11.74 

2.37 

1.1985    .0207 

.0140    .0067 

1.20 

i                 ! 

1.0623 

I 

.0050 

4.2 

Blackstone  Biver  at  Millville. 


June- 

-Nov.,  1887,    . 

0.31 

a. 

i 
I 

1.0468    .0220 

. 

_ 

1 
0.51  , 

1 
.0210  |      - 

1    . 

•i 

"      18SS,     . 

0.41  | 

5.22 

1.40 

1.0467 

.0296 

.0233 

.0063 

0.50  , 

.0278  !.0004 

I 

- 

it 

"      lHS'.t,     . 

0.38  | 

- 

- 

.0499 

.0273 

.0213 

.0060 

0.45  | 

.0167    .0003 

- 

it 

•*       ISM,     . 

0.26  , 

6.71 

2.24    j.0736  1.0196 
2.35  ''.1105  1.0384 

.0152 

.0044 

0.53  | 

.0229 

.0003 

2.3 

•i 

"      1891,     . 

0.24  | 

7.48 

.0234 

.0150 

0.72  | 

.0308 

.0006 

2.2 

ii 

••      1892,     . 

0.37  ' 

6.70 

1.62 

.1143  j.0294 

.0210 

.0084 

0.63  1 

.0217 

.0002 

2.0 

ii 

"      1893.     . 

0.23  1 

1 

7.43 

1.73 

.0677  j.0119 

.0087  1.0031 

1 

0.77  ! 

1 

.0385 

.0011 

2.6 
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BLACKSTONE  RIVER. 

Chemical  Examination  of  Water  from  Blackstone  River  between 

[Parts  per  100,000.] 


ji 

of 
Collection. 

APPKABANCK.                                       1 

Kksidui 

OK  EVAPORATlOy. 

■ 

Turbidity. 

Sediment. 

1 
i 
1 

..     1 

TOTAL  KP.8IDCK.        '   LO»8  OK  IGMTIO*. 

M 

• 

•4 

.  II 

s  II 

•8 

1 

a 

a 

• 
• 

Color 

1 

AS 

c  e.  '      o 

AS 

a 

fc 

a 

H 

*      !■     H 

a 

(A 

1S93.    ' 

i 

1 
| 

1 

0026  Jan.   24  I 

1  Decided. 

neavy,  brown. 

0.90 

28.60 

22.50 

6.10  „  9.90 

6.10 

3.80 

2  .10013.  Feb.   14  ; 

1  Decided. 

Heavy,  gray. 

0.50  i 

16.20 

11.20 

6.00   j  5.80 

4.00     1.80 

8 

10123,  Mar.  14 

!  Thick. 

Cons.,  gray. 
Heavy,  yellow. 

0.40  ' 

37.80 

6.60 

31.20      5.50 

1.60  !  3.90 

4 

10263'  April  18  1 

Decided,  milky. 

1.40  1 

12.50 

9.00 

3.50  II  5.30 
3.60   ,  2.50 

3.30  ;  2.00 

6 

10413.  May   17  1 

Decided,  milky. 

Heavy,  gray. 
Heavy,  brown. 

1.30  | 

9.80 

6.20 

1.40  '  1.10 

6 

10538.  June  20  1 

Decided. 

0.30  | 

22.70 

15.10 

7.60  :<  8.50 
-    !|  5.60 

3.70 

4.80 

7 

10676,  July  18  1 

Decided. 

Heavy,  brown. 

1.80  j 

18.60 

• 

- 

- 

8 

10*70'  Aug.  22  ' 

1  Distinct,  milky. 

Heavy,  iron. 

0.10  | 

10.60 

• 

-    I|  1.00 

- 

- 

0 

11052  Sept.  19  1 

!  Decided,  milky. 

Cons.,  rusty. 

0.15  i 

15.80 

10.80 

5.00  L  4.40 
1.00  '    3.60 

2.80 

1.60 

10 

11212  Oct.    17  i 

Decided. 

Cons.,  rusty. 

0.08  1 

16.10 

16.10 

3.30 

0.30 

11 

11369  Nov.  21  . 

'  Decided. 

Cons. 

0.04  i 

18.20 

17.20 

1.00  ' 

4.20 

4.00 

0.20 

12 

11524 
Av.. 

Dec.  19 

Distinct. 

Slight,  dark. 

1.20 

1 

8.60 

7.90 

0.70 

2.30 
4.88 

2.30 

0.00 

13 

!• 

1 
0.68  j 

17.95 

- 

i 

- 

i                 "                                  1 

Odor,  offensive. The  samples  were  collected  from  the  river  about  200  feet  below  the  iron  bridge. 

'No.  10413  was  collected  on  Wednesday  and  the  remaining  samples  on  Thursday.    The  tirst  sample  was 
•collected  at  12.45  p.m.,  and  the  remaining  samples  between  2.00  and  3.55  p.m. 


Cliemical  Examination  of  Water  from  Blackstone 

[Parts  per  100,000.] 


m 

c 

o 

«• 

fj 

« 

m 

© 

2 

o 

s 

S 

«9 

K 

Q 

1 

1 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


13 


ArPKARANCK. 


Turbidity. 


Sediment. 


9927 
10014 
10124' 
10264, 
10414 
10539. 
10677, 
10871, 
1U»53 
11213' 
11370' 
11525 


1*98. 

Jan.  24 
Feb.  14 
Mar.  14 
April  IS 
May  17 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 


20 
18 
22 
19 
17 
21 
19 


Decided. 
Decided. 
Thick. 

Decided,  milky. 
Decided,  milky. 
Decided. 
Decided. 
Decided,  milky. 
Thick,  milky. 
Dinti'-ct. 
Decided. 
Distinct. 


Heavy,  brown. 
Heavy,  gray. 
Conn  ,  gray. 
Heavy,  yellow. 
Heavy,  gray. 
Heavy. 

Heavy,  brown. 
Cons  ,  dark. 
Heavy,  rusty. 
Conn.,  ru«ty. 
Heavy,  rusty. 
Slight,  rusty. 


Av. 


I 


Residue  os  Evaporation. 


0.65 
0.70 
0.50 
1.40 
1.40 
1.00 
1.00 
0.40 
0.40 
0.18 
0.10 
1.10 


16.40 
38.30 
13.70 
10.00 
24.00 
30.90 
ie.60 
34.80 
44.50 
29.20 
15.60 


26.50 

13.80 

6.80 

9.20 

6.00 

14.60 


29.00 
43.50 
24.80 
12.80 


i  — 


0.74       25.65 


L<»8*  OX  IGNITION. 


5.80 
1. 00 
4.40 
2.80 


3 

o 
H 


11.20 
6.00 
7.2« 
6.f>0 
2.10 
9.40 
l"  5.70 
3.80 
8.00 
8.90 
0.40 
3.70 


4) 

> 

is 

3 


7.10 
4.00 
1.80 
3.00 
1.50 
3.70 


6.80 
8.30 
5.00 
3.50 


3* 

x 


4.10 
2.00 
5.40 
2.50 
0.60 
6.70 


1.80 
0.60 
1.40 
0.20 


-     I  6. .VI 

I 


Odor,  offensive. The  samples  were  collected  from  the  river  above  Mlllbury  and  below  the  point 

where  the  effluent  from  the  Worcester  Precipitation  Works  enters  the  river.  No.  10414  was  collected 
on  Wednesday  and  the  remaining  samples  on  Thursday.  The  samples  were  collected  between  1.00  and 
3.10  p.m. 
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BLACKSTONE  BIVEB. 

Mill  Brook  Channel  and  the  Worcester  Sewage  Precipitation  Works. 

[Part*  per  100,000.] 


AMMONIA. 

KlTBOOE*  A8 

Iron 

ALBUMINOID 

• 

t 

e 

5 

i 

• 

• 

•2 

> 

•  "3 

i 

•a 
•  c 

• 

e 

-c 

e 

i 

e 

i 

i 

91 

3 

• 
a 

© 

5 

3S. 

03 

§ 

£ 

s 

s 

m 

.3840 

.2820 

.1060 

.0860 

2.28 

.0070 

.0007 

4.4000 

3.4000 

7.0 

1 

.2080 

.1200 

.0820 

.0440 

1.34 

.0300 

.0011 

.3440 

.2200  1 

1.4 

2 

.0800 

.0820 

.0540 

.0280 

1.00 

.0200 

.0012 

.5400 

.1300  ! 

1   1-9 

8 

.0510 

.0580 

.0330 

.0250 

.74 

.0250 

.0020 

.8000 

.2400  | 

!   2.2 

4 

.0520 

.0400 

.0280 

.0120 

.33 

.0400 

.0007 

.0340 

.0200 

1.6 

5 

.2800 

.2040 

.0600 

.1440 

2.16 

.0300 

.0050 

1.7000 

.7400 

!   6.1 

6 

.0800 

.0450 

.0240 

.0210 

.76 

.0000 

.0000 

4.6000 

- 

9.7 

7 

.0500 

.0240 

.0130 

.0110 

.79 

.0300 

.0012 

.6000 

- 

3.9 

8 

.2500 

.0540 

.0320 

.0220 

.90 

.0090 

.0014 

.8000 

.1000 

3.7 

9 

.1080 

.0110 

.0090 

.0020 

.85 

.0000 

.0009 

3.1000 

1.0400 

i   6.0 

10 

.0480 

.0150 

.0060 

.0090 

.60 

.0000 

.0005 

1.3200 

.9400 

9.6 

11 

.0520 

.0300 

.0300 

.0060 

.70 

.0250 

.0003 

.8500 

.1800 

1.9 

12 

.1429 

.0814 

.0472 

.0342 

1.04 

.0180 

.0012 

1.6073 

.5842 

4.5 

I 

13 

Microscopical  Examination. 

No*.  10123  and  10263  were  not  examined.    The  remaining  samples  contained  Zooglcaa,  generally  in 
very  large  numbers,  and  only  a  few  of  other  organisms. 


River  below  the  Worcester  Sewage  Precipitation  Works. 

[Parts  per  100,000.] 


■*  '■" —  -~—  

Ammonia. 

«5 

a 
"C 

o 

§ 

NlTROOKN  AS    j 

Iron.     i 

8 

c 

■E 

ALBUMINOID 

• 

* 

s 
e 

• 

8 

% 

3 

a 

t 

o 

• 

o 

> 

i  o 

•a  «a 

±  B 

s  a. 

'M 

E- 

5 

CO 

'A 

% 

» 

h 

a 

.4060 

.4600 

.2420 

i 
.2180  1 

2.40 

.0070 

.0009 

4.9000 

3.6000 

10.1 

1 

.2160 

.1400 

.0820 

.0580 

1.60 

.0400 

.0015 

.4700 

.3000 

3.5 

2 

.0*80 

.1020 

.0560 

.0460 

0.96 

.0220 

.0010 

.6200 

.1240 

2.5 

8 

.0450 

.0480 

.0300 

.0180 

0.77 

.1000 

.0020 

.7000 

.2000 

1.8 

4 

.0*00 

.0480 

.0280 

.0200 

0.34 

.0400 

.0007 

.0390 

.0200 

1.5 

5 

.2v»00 

.2640 

.0940 

.1700 

2.52 

.0070 

.0001 

1.3500 

.4400 

3.6 

6 

.2600 

.0620 

.0290 

.0330 

2.17 

.0000 

.0000 

3.9000 

-. 

16.6 

7 

.2320 

.07S0 

.0390 

.0390  | 

1.54 

.0150 

.0100 

.0500 

■"    i 

6.7 

8 

.9600 

.2200 

.1600 

.0600  i 

3.84 

.0050 

.0512 

.7600 

.1500  l 

11.9 

9 

.9600 

.1670 

.1500 

.0080  1 

4.44 

,  .0750 

.0085 

.2950 

.0100  I 

16.1 

10 

.7tMW) 

.0810 

.0590 

.0220  ! 

2.02 

1  .0690 

.0060 

1   .6000 

.0080  1 

11.2 

11 

.2000 

.0670 
.1447 

0590 

.ou8o  ; 

1.15 

I  .0630 

.0018 

!   .3800 

•  wcH/U  ' 

4.6 

12 

.3757 

.0864 

.0583  ! 

1 

1.98 

i  .0309 

I 

.0070 

|  1.1637 

i 

.5132  , 

7.4 

1 

18 

Microscopical  Examination. 

Nor.  10124  and  10264  were  not  examined.    The  remaining  samples  contained  Zooglcea  often  In  very 
large  numbers,  ai.d  only  a  few  of  other  organisms. 
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BLACK8TOKE  RTVXB. 

Chemical  Examination  of  Waterfront  Blackstone  River  at   Uxbridge. 
[P»ru  per  100,000.] 


*,  i  . 


I  I,..(Uhk  from  thu  upper  daru  of  Ihe  Calumet  Wouloa  Company  lo  ibe  mil)  jm 


Microscopical  Exam  in  ation. 

to  3.360  por 


daal  and  avoraidng  724. 
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BLACKSTOSE  RIVEE. 

Chemical  Examination  of  Water  from  Slackstone  Biver  at  MillviUe,  Blackslone. 

[Purte  per  100,000.] 


Microscopical  Examination. 

The  number  of  or^ulania  found  in  tlieit  ginpln  vnrled  From  10T  10  W8  per  cubic  centimeter  and 
•vcrajtd  291,  ZoUglieii  being  in  noil  cuei  by  fir  lb*  mon  abundant  and  nve.mging  224. 

Charles  River. 
Regular  monthly  examinations  of  the  water  of  Charles  River 
above  South  Natick  have  been  made  during  the  last  five  months  of 
1893,  and  weekly  examinations  of  the  water  at  JEtna  Mills  and  at  a 
point  about  2,000  feet  below  Galen  Street  bridge  in  Watertown 
wore  made  from  August  17  to  October  26.  An  examination  of  the 
whole  length  of  the  tidal  portion  of  the  river  by  means  of  a  series 
of  chemical  analyses  of  its  water  at  high  and  low  tide  was  made  on 
August  17,  1893,  during  a  course  of  neap  tides  occurring  at  a  time  ' 
when  the  flow  of  upland  water  was  small.  This  examination  of  the 
tidal  portion  of  the  river  is  a  repetition  of  a  similar  examination  made 
in  18U2,  and  fully  described  in  the  annual  report  of  the  State  Board 
of  Health  for  that  year  (pp.  282-289).  Results  of  all  of  the  analyses 
made  during  1893  are  given  in  the  following  tables  :  — 
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CHARLES  I1IVEB. 

Chemical  Examination  of  Water  from  the  Charles  Bioer  at  South  Natick. 

[Pari*  par  1M,K>0.] 


Iron,  .02M.    Odor,  generally  distinctly  vegetable,  and  In  the  Brat  two  • 

woond  Miopia  the  odor  wai  dlaagtwable. The  umplea  were  collected  tl 

it  Smith  Katlck. 

Microscopical  Examination. 

Average  number  of  orgaulanu,  W  per  cubic  centimeter. 


Chemical  Examination  of  Water  from  the  Charles  Hirer  at  JEtna  Mills,  Watertown. 

[Part,  pur  100,000.] 


No.  34.]  EXAMINATION  OF  BIVERS. 


CHARLES  RIVER. 

Microscopical  Examination  of  Water  from  the  Charles  River  at  Mtna  Mills, 
Watertown. 

[S umber  of  orgulun*  par  cubic  centimeter.] 
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CHARLES  RIVER. 

Chemical  Examination  of  Water  from  Charles  River  about  Two  Thousand  Feet 
below  Oaten  Street  Bridge,  WaUrtown. 

[Part*  per  100,000.] 


Iron,  .0J1J.    O.lor,  decidedly  Teaetable  and  mu.ly  or  mouldy. The  umplei  were  collected  (rum 

•.■a-,  river  about  2,000  feet  below  Galen  Street  bridge  Id  Walertown,  and  about  400  feel  below  Barker'a 

Microscopical  Examination  of  Water  from  diaries  Ricer  about  Two  Thousand 
Feet  below  Oalen  Street  Bridge,  Walertown. 


Ko.  34.]  EXAMINATION  OF  RIVERS.  355 

CHARLES  BIVEB. 

Microscopical  Examination  of  Water  from  Charles  Biver,  etc. — Concluded. 

[Number  of  otgenlecni  per  cubic  centimeter.] 


Chemical  Examination  of  Water  from  (lie  Tidal  Portion  of  Charles  Biver  at  Various 
Points,  during  High  Water  of  Neap  Tides,  Aug.  17, 1893. 
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CHA.HLE8  RIVKK. 

Chemical  Examination  of  Water  from  the  Tidal  Portion  of  Charles  River  at 
Various  Points,  during  Low  Water  of  Neap  Tides,  Aug.  17, 1S93. 


Deerfield  River. 
Chemical  Examination  of  Water  from  the  Deerfield  River  above  Shetburne  Falls. 


—  The  unpl«  >nt  collected  from  Ihe  rl 


Microscopical  Examination. 
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HOUBATOXIC  RIVER. 
HODSATONIC  RtVER. 
Regular  monthly  examinations  of  the  water  of  this  river  were 
made  from  March  to  the  end  of  the  year  with  a  view  to  determining 
the  extent  to  which  the  river  is  polluted  by  the  sewage  of  the  city 
of  Pittsfield  and  other  places  upon  its  watershed.  The  samples 
were  collected  at  New  Lenox,  which  is  distant  about  3.9  miles 
by  the  river  below  the  place  where  the  sewage  of  Pittsfield  is  dis- 
charged into  the  stream.  The  drainage  area  of  the  river  at  New 
Lenox  is  145.6  square  miles,  and  the  population  on  this  area,  by 
the  census  of  181)0,  was  23,300,  equivalent  to  a  population  of  160 
per  square  mile.  Of  the  total  population,  17,281  were  in  the  city 
of  Pittsfield. 

Chemical  Examination  of  Water  from  the  Housatonio  River  at  New  Lenox. 
[P»rt»  per  lM.ooo.] 


,.,.,;r,-, 

Ill.llMCl, 

IOK4   Apr.K 

Sikh!.* 

10462   May  31 

Blight. 

10578  J  UPC  19 

Distinct. 

10109  July  2ft 

Dt.Hn«, 
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irally  decidedly  mouldy  or  i 
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HOTX8ATOXIC  KIVER. 

Microscopical  Examination  of  Water  from  [he  Housatonic  River  at  New  Lenox. 

[Number  of  Mpnli™  per  cubic  wnLlinntor.] 


Merrimack  Rivek. 
The  usual  monthly  examinations  of  the  water  of  this  river  opposite 
the  intakes  of  the  Lowell  and  the  Lawrence  Water  Works  have  been 
continued  during  1893,  the  detailed  results  of  which  may  he  found 
on  pages  181  and  193  of  this  volume.  A  comparison  of  the  analyses 
made  at  these  two  places  during  the  year  is  given  in  the  following 
table:  — 
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MF.KRIMACK  RIVEH. 

Table  comparing  the  Analyses  above  Lowell  with  those  above  Lawrence,  1893. 

[Pmiti  p*r  100,000.] 


In  order  to  compare  these  results  with  similar  ones  obtained  in 
previous  years,  another  table  is  presented,  which  contains  the  in- 
crease in  impurities  as  the  water  passes  from  a  point  above  Lowell 
to  Lawrence,  us  given  in  the  last  line  of  the  above  table,  and  the 
corresponding  increase  in  previous  years:  — 

Increase  in  (he  Amount  of  Impurities  in  the  Merrimack  River  Water,  from  a  Point 
above  Lowell  to  Lawrence,  as  determined  by  the  Regular  Monthly  Examinations 
of  Different  Years. 
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NASHUA  lUTEB. 

Nashua  River. 

Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  Siver, 
below  Fitchburg. 


Microscopical  Examination  of  Witter  from  the  North  Branch  of  the  Nitskua  River, 
below  Fitchburg. 

[dumber  of  orjnnl.ro.  per  cubic  tenllmeler.) 
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NASHUA  RIVER. 

Microscopical  Examination  of  Water  from  the  North  Branch  of  the  Nashua,  River, 
below  Fitchburg  —  Concluded. 


Chemical  Ezamination  of  Water  from  the  South  Branch  of  the  Nashua  River 
at  Clinton. 


I  PurU  per  100,000.] 


Microscopical  Examination. 
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NASHUA  RIVER. 

Chemical  Examination  of  Water  Jrom  the  Quinepoxet  Eiver  in  Balden. 

[Pnrt.  per  100,000.] 


Microscopical  Examination. 

verage  number  of  orgintemi,  per  cubic  eenilmcler,  found  In  thee*  •ample)  wai  1(9 ;  tan  grant. 


Chemical  Examination  of  Water  from  the  Stillwater  Biver  in  Sterling. 

(Parte  per  100,000.] 


fatally  vegetable  on  be.l! 
—  The  uniplei  were  cell* 
Sterling  and  Weil  Bc-vlm 


Microscopical  Examination, 

at  orgtniama,  110  par  cubic  centimeter. 
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qtjinebaug  btver. 
Qutsebaug  River. 
Chemical  Examination  of  Water  from  the  Quinebaug  River  at  Soulhbridge. 

[I'uru  par  100,000.1 


Iran,  .0330.    Odor,  none. The  iimpli  waa  collected  from  the  rirar  Just  above  lha  Litchfield 

Spindle  Company'*  dun  at  BLuttluville,  al  a  Sim  when  the  walar  in  lha  river  wu  very  low.  Tba  dam 
in  which  the  aampla  wu  collected  In  Incated  about  mm  and  oae-half  mils*  nbove  the  main  village  ol 
Southbridge. 

Microscopical  Examination. 

case,  AitcrionrUa,  2;  i'aticula,  6;  Synt&ru,  i;    TabtUaria,  1.    Alga,  Pntoaxaa,  12. 


Shawsheen  River. 
Chemical  Examination  of  Water  from  the  Shawsheen  River  at  Bedford. 

[Parta  par  100,000.] 


the  second.  .0110.    Odor,  distinctly  vegetable  and  (waetteb. 

M  river  above  tba  point  where  It  la  Joined  by  Vina  Brook;  the  but 

ected  In  i  ho  vicinity  of  the  upper  cod  of  a  propoeed  storage  reeeryolr  •nrvnyed  by  the  city  of  boston 

ss«. 

Microscopical  Examination. 

The  total  number  of  organlami  per  cubic  centimeter  found  In  the  flrat  aampla  was  155,  consisting 
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SHAW8HEES  BITER. 

Chemical  Examination  of  Water  from  the  Shawsheen  Biver  at  Wilmington. 

(Parte  par  100,000.] 


Iron,  .0000.    Odor,  faintly  vegetable,  becoming  atronaer  on  beating. Tbe  Miopia  wat  collrcti 

from  the  river  at  the  point  where  It  wee  croeeed  hr  ibe  old  Ulddleaei  Canal,  between  Wilmington  at 
Slllerlca,  nt  the  location  of  the  dam  of  a  proposed  etorage  reaervolr. 


Microscopical  Examination. 

Total  number  of  organlami,  1"  per  cnblc 


Chemical  Examination  of  Water  from  the  Shawsheen  Biver  at  North  Andover 

[pnrtt  per  100,000.] 
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IBS.    Total,  MI. 


Microscojiical  Examination. 

la,  1.    Fungi,  CrtnelhrU,  *00.  Infuiorla,  itonai,  2.    Ulicellaneona,  Zofylaa, 
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STONY  BBOOX. 


Chemical  Examination  of  Water  from  Stony  Brook  at  Inlet  to  the  New  Conduit 
at  Roxbury. 


op.  .Q13J    Odor  of  the  II r.I  .ample,  decidedly  Tegeubte  ■ 
he  umplei  were  collected  (rum  the  brook  at  tin  (fata  bail 


Microscopical  Examination. 

No.  10821.     DUlomace*-,  CgeMtlltl,  IB;    Dialoma,  M;   Kirfcnln.  *;   I 


it,  faintly  TegetaMe. 


Alg»,  CtonUrimn.  1 ;   rtttiatlnm.  1 

Funiil,   CW11..W*,  83.     Mile   " 

So.   10082.       Alu-.:,    ■!".:".< 
Ml.ralimeuin,  Zvagkta,  %t- 


1;   Fungi,"  CrenoMrto,  0;    JVMto,  8. 


Tauxtoti  River. 


Regular  monthly  examinations  of  the  Taunton  River  above  Taun- 
ton have  been  made  as  in  previous  years,  and  the  results  are  printed 
in  connection  with  analyses  of  water  of  the  Taunton  water  supply  on 
page  29{i,  In  the  following  table  analyses  arc  given  of  the  water  of 
Mill  Kiver,  a  tributary  of  the  Taunton,  near  its  mouth.  The  sewage 
of  a  portion  of  the  city  of  Taunton  is  discharged  into  this  river. 
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TAUNTON  ItlVER. 

Microscopical  Examination  of  Water  from  the  Mill  River  at  Taunton. 

[Somber  of  orgaalama  per  cubic  centimeter. ; 
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Ware  River. 
Chemical  Examination  of  Water  from  Ware  River  at  Cold  Brook  Station,  Barre. 

t Parti  pet  100,000  ] 


near  Cold  Brock  >t 


.e  railroad  bridge 


Microscopical  Examination. 

mi,  68  per  cable  eemlmeter. 


SUMMABY 


or 


WATER  SUPPLY  STATISTICS; 


ALSO 


RECORDS  OF  RAINFALL  AND  FLOW  OF  STREAMS. 
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SUMMARY  OF  WATER  SUPPLY  STATISTICS. 


At  the  end  of  1893  the  State  contained  30  cities  and  322  towns. 
The  towns  of  Medford  and  Everett  became  cities  on  Jan.  2,  1893, 
thus  causing  the  change  in  the  number  of  cities  and  towns  since  the 
previous  year. 

A  public  water  supply  was  introduced  during  this  year  for  the 
first  time  into  the  towns  of  Chester,  North  Brookfield  and  Province- 
town,  increasing  the  number  of  places  supplied  to  146.  In  addition 
to  the  new  supplies  for  the  places  named  above,  new  sources  have 
been  substituted  for  old  ones  in  Attleborough,  Chicopee,  Easthamp- 
ton,  Orange  and  Taunton.  In  many  other  places  additional  works 
of  less  importance  have  been  constructed  to  increase  the  capacity 
of  the  sources  of  supply. 

It  has  been  found  by  experience  that  there  is  unusual  danger 
when  water  is  taken  directly  from  a  running  stream  into  which 
sewage  is  discharged,  and  it  is  therefore  worthy  of  note  that  of  the 
works  constructed  during  the  year  those  at  Taunton,  Chicopee  and 
Orange  were  built  for  the  purpose  of  abandoning  the  use  of  polluted 
streams  as  sources  of  supply,  while  at  Lawrence,  although  the  Mer- 
rimack River  is  still  used  as  a  source,  the  whole  of  the  wrater  used  is 
filtered  through  a  filter  having  an  area  of  two  and  one-half  acres  to 
remove  the  disease  germs  which  may  be  in  the  river  water. 

At  Lowell  new  works  for  taking  water  from  the  ground  have  been 
constructed,  which  furnish  a  portion  of  the  supply  of  the  city,  but 
the  greater  portion  still  comes  from  the  Merrimack  River. 

The  following  table  gives  a  classification,  by  population,  of  cities 
and  towns  having  and  not  having  public  water  supplies  Dec.  31, 
1893.     The  populations  are  taken  from  the  census  of  1890  :  — 


Number  of 

Total 

Population  of 

Places 

Number  of 

Total 

Population 

Places  of  Given 
Population 

Places  of  Given 
Population 

Population  of 
Places 

(1890). 

havlntf  a  Pub- 
lic Water 
Supply. 

in  Preceding 
Column. 

not  having  a 

Public 
Water  Supply. 

in  Preceding 
Column. 

Under  500, 

0 

0 

28 

9.772 

500-1,000, 

6 

4,566 

63 

48,167 

1.000-1 ,5«H), 

0 

7.249    1 

43 

52.810 

1,500  2,000, 

8 

13,857     ! 

27 

48,382 

2,0O0-2,5(K), 

9 

19.987     > 

14 

30,299 

2.500-3.000, 

7 

19.603     ' 

18 

49.262 

3.000-3,500, 

8 

26,010 

5 

15,899 

3.500-4,000, 

7 

26.328 
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7,392 

4.000-4,500, 

11 

47.201 

i               5 

21.367 

A  novo  4,500,       , 
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1,779,952 

!          i 

6,138 

140 

1,949,456 
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From  the  totals  given  in  the  table  it  will  be  seen  that,  although 
but  forty-one  per  cent,  of  the  cities  and  towns  in  the  State  have  a 
public  water  supply,  yet  the  total  population  of  places  supplied 
represents  87.1  per  cent,  of  the  whole  population  of  the  State.  In 
this  estimate  of  the  total  population  of  municipalities  supplied  all  of 
the  inhabitants  in  them  are  included,  and  it  consequently  includes 
rather  more  than  the  actual  number  of  persons  to  whom  a  public 
water  supply  is  available ;  the  difference,  however,  is  not  large. 
There  are  now  but  6  towns  having,  by  the  census  of  1890,  a  popu- 
lation exceeding  4,000,  which  are  not  provided  with  a  public  water 
supply.     These  are  given  in  the  following  table  :  — 


Towns. 

Population  In 
1890.        | 

Towns. 

Population  In 
ISM. 

Ipswich.* 

Millbaryi 

6,138         I 
4,430         < 
M*8        | 

Wlnchendon,    •       •       •       •       • 
Rockport,* 

4,300 
4.087 
4,013 

*  Works  for  the  supply  of  Ipswich  and  Rockport  were  begun  In  1804. 

In  the  following  table  the  various  water  supplies  are  classified 
according  to  the  dates  when  a  fairly  complete  system  of  supply  was 
first  introduced  into  a  city  or  town  :  — 


Years. 

Number  of 

Places 
Supplied. 

Years. 

Number  of 

Places 
Supplied. 

Previous  to  1850 

1860-1850.  inclusive.  .... 

1860-1800,  Inclusive 

1870-1870.  inclusive,  .... 
1880-1880,  inclusive 

6 
4 

10 
44 

68 
5 

6 
1 
8 

146 

Of  the  30  cities  in  the  Commonwealth,  28,  having  a  total  population 
in  1890  of  1,355,849,  own  their  water  works  ;  while  2,  having  a  total 
population  of  38,598,  are  wholly  supplied  by  private  companies.  Of 
the  116  towns  having  public  water  supplies,  69,*  with  a  total  popu- 
lation of  360,260,  are  supplied  from  their  own  works,  while  47,  with 
a  total  population  of  194,748,  are  supplied  by  private  companies. 
The  total  population  in  both  cities  and  towns  owning  their  works  is 
1,716,109,  against  233,346  in  those  supplied  by  private  companies. 

The  following  table  gives  statistics  with  regard  to  the  consumption 
of  water  in  many  of  the  cities  and  towns  in  this  State.  The  popu- 
lations for  1893,  as  given  in  the  table,  were  obtained  in  a  somewhat 


*  The  figures  in  this  paragraph  differ  somewhat  from  corresponding;  figures  on  page  6,  owing  to 
Information  received  after  the  first  figures  wore  printed  that  the  control  of  water  works  In  two  towns 
bad  passed  from  private  companies  to  the  public  authorities. 
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arbitrary  manner  by  adding  three-fifths  of  the  increase  in  population 
from  1885  to  1890  to  the  population  as  determined  by  the  census 
taken  in  the  latter  year.  The  daily  consumption  per  inhabitant, 
obtained  by  dividing  the  average  daily  consumption  by  the  total 
population  of  the  city  or  town  in  1893,  is  less  than  the  amount  per 
consumer,  because  there  are  some  in  all  cities  and  towns  who  do  not 
use  the  public  water  supply.  This  difference  between  the  number 
of  inhabitants  and  consumers  accounts,  to  a  large  extent,  for  the  low 
rate,  per  inhabitant,  in  some  towns  where  works  have  been  in  oper- 
ation only  ft  short  time,  and  in  consequence  water  has  not  been  gen- 
erally introduced  ;  also,  in  towns  where  there  are  villages  to  which 
the  public  water  supply  has  not  been  extended  ;  bnt,  after  making 
all  due  allowance  for  the  varying  proportion  of  water  takers,  there 
is  still  a  very  great  difference  in  the  amount  of  water  used  per  per- 
son in  different  places,  which  it  is  very  difficult  to  account  for. 

Statistics  relating  to  the  Consumption  of  Water  in  Various  Cities  and  Towns. 


372 
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Rainfall. 

The  rainfall  for  the  year  1893  was  0.5G  inches  in  excess  of  the 
normal,  but  was  very  unevenly  distributed.  The  greatest  excess  of 
rainfall  occurred  in  February,  May  and  December,  while  there  was 
a  deficiency  in  all  the  summer  and  autumn  months  with  the  exception 
of  August,  in  which  there  was  a  slight  excess.  The  effect  of  the 
distribution  was  to  cause  a  very  high  flow  in  the  streams  in  the 
spring  months  and  a  very  low  flow  in  the  summer  and  autumn. 

The  average  annual  rainfall  *  in  Massachusetts,  as  deduced  from 
long-continued  observations  in  various  parts  of  the  State,  is  45.14 
inches.  In  the  following  table  is  given  the  normal  rainfall  for  each 
month  in  the  year,  the  rainfall  for  each  month  in  1893  and  the 
departures  from  the  normal,  f 


Normal 
Rainfall. 

Inches. 

Rainfall, 
1898. 

Inches. 

Excess  or 
Deficiency- 
Inches. 

1898. 

January, 

3.99 

2.83 

—1.16 

February,       • 

3.74 

6.84 

+3.10 

March,    . 

4.05 

3.80 

—0.25 

April, 

3.32 

3.83 

4-0.51 

May,       .       .       . 

3.73 

5.38 

+1.65 

June, 

3.30 

2.00 

—0.40 

July, 

8.88 

2.21 

—1.67 

Normal 
Rainfall. 

Inches. 

Rainfall, 
1898. 

Inches. 

Excess  or 
Deficiency. 

Inches. 

1898. 

August, 

September,   . 
October, 
November,    . 
December,    . 

Totals,     . 

4.42 
3.31 
3.87 
3.96 
3.57 

4.85 
2.10 
3.81 
2.10 
4.09 

+0.43 
—1.15 
—0.06 
—1.86 
+1.42 

45.14 

45.70 

+0.56 

To  enable  the  condition  preceding  the  collection  of  samples  of 
water  in  any  part  of  the  State  to  be  understood,  the  following  tables 
are  presented,  which  give  the  daily  rainfall  in  inches  at  nine  stations 
scattered  about  the  State  :  — 


*  Including  melted  snow. 

f  This  and  subsequent  tables  of  rainfall  have  beeu  prepared  from  the  records  of  the  New  England 
Weather  Service. 
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Daily  Rainfall  in  Inches  at  Nine  Places  in  Massachusetts,  Geographically  selected. 


*  rrccl[jli(tlon  Included  Id  that  of  following  day.  t  Avcrmge  of  tl 
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Daily  Bain/ait  in  Inches  at  Nine  Places  in  Massachusetts,  Qeographicallg  selected 
—  Continued. 

■  ■"",  ISM-  April,  ISM. 
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Daily  Rainfall  in  Inches  at  Nine  Places  in  Massachusetts,  Geographically  selected 

—  Continued. 
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0.11 

0.60 

• 

0.49 

• 

3.61 
0.06 

• 
0.47 

• 

1.65 
0.06 

0.04 

0.06 

• 

0.61 

• 
• 
• 

3.36 

0.60 

* 
1.40 

0.08 
0.48 

• 
• 
* 
3.11 

0.05 

• 
0.27 

• 

1.70 
0.11 

* 
0.81 

0.08 
0.21 

• 

2.47 
0.07 

• 
0.73 

* 

1.61 
0.06 

♦ 
0.63 

• 
• 

3.20 
0.21 

• 
0.27 

• 
1.22 

0.07 

• 
0.07 

• 

0.78 

1 
2.12 

0.41 

• 
0.85 

• 
1.23 

0.07 

• 

0.06 
0.01 

«..       . 
8,  •        • 

4,.        . 
6,  .       • 

10,  . 

13,  . 

14,  . 

15,  . 

17.  . 

18,  . 

21.  .        . 

23,  . 

24,  .        . 

26,  . 

28,  .       . 
80,  . 
Totals, 

0.06 
0.06 

1.10 
0.10 

0.12 

0.27 
0.42 

0.06 
1.96 

0.07 

0.18 
0.90 

0.01 
0.39 

0.04 
0.18 

0.46 

0.18 
0.06 

0.08 
2.66 

0.29 

• 
0.90 

0.32 

• 
• 

0.94 
2.47 

• 

0.66 
0.24 

1.60 
0.04 

2.83 

0.60 

• 
0.20 

• 
0.43 

• 
* 

1.51 

0.02 
0.10 

0.06 
0.09 

• 
0.84 

0.83 
2.12 
0.21 

0.16 

• 
0.20 

• 
0.27 

1.08 

* 

0.69 

0.02 
0.04 

* 
0.18 

0.02 
0.41 

0.08 
0.21 

* 

1.27 
0.96 

Totals, 

6.26 

4.84 

8.25 

6.94 

5.77 

5.55 

6." 

6.04 

5.06 

i     i 

3.784.46 

1 

2.74 

8.81 

2.29 

8.18 

*  Precipitation  included  in  that  of  following  day. 


t  Average  of  two  stations. 
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1.54 



2.91 

2.10 
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1.95 
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2.10 

I 
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31,  . 

1   Totals, 

1 

3.103.40 

1        ! 

7.58 

5.38 

6.53 

4.6S 

8.00  6.44 

1 

6.22 

1 

*  Precipitation  Included  In  that  of  following  day. 


f  Average  of  two  station*. 
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Flow  of  Streams. 

The  flow  of  the  streams  of  the  State  during  the  year  1893,  as 
indicated  by  the  flow  of  Sudbury  River,  was  a  very  little  less  than 
the  average  for  the  past  nineteen  years,  but  the  distribution  was  very 
uneven.  The  flow  was  above  the  average  in  March,  April  and  May, 
in  the  latter  month  being  nearly  twice  as  great  as  that  recorded  in 
the  same  month  for  any  previous  year,  but  in  all  the  remaining 
months  the  flow  was  below  the  average,  and  from  June  to  November, 
inclusive,  was  the  smallest  since  1887. 

The  effect  of  this  distribution  of  the  flow  was  the  opposite  of  that 
of  the  previous  year.  In  1893  the  drought  was  felt  most  by  the 
cities  and  towns  deriving  their  supply  from  large  watersheds,  with 
comparatively  small  storage,  from  which  water  usually  runs  to  waste 
in  the  spring ;  while  those  communities  taking  their  supply  from 
large  ponds  fed  by  comparatively  small  watersheds  experienced  no 
unusual  inconvenience,  owing  to  the  large  amount  of  water  collected 
during  the  spring  months. 

In  order  to  show  the  relation  between  the  flow  of  the  Sudbury 
River  during  each  month  of  1893  and  the  normal  flow  of  the  same 
river,  as  deduced  from  fifteen  years' observations  from  1879  to  1893, 
inclusive,  the  following  table  has  been  prepared.  The  area  of  the 
watershed  of  the  Sudbury  River  above  the  point  of  measurement  is 
75.2  square  miles. 

Table  showing  the  Average  Monthly  Flow  of  Sudbury  River  for  the  Year  1893, 
in  Cubic  Feet  per  Second  per  Square  Mile  of  Drainage  Area,  also  Departures 
from  the  Normal  Flow. 


MONTH. 


Nokmal  Flow. 

Cable  Feet  per 

Second  per 

Square  Mile. 


Actual  Flow 
ik  189a. 

Coble  Feet  per 

Second  per 

Square  Mile. 


Excess  or  I)*- 
ficiknct. 

Cubic  Keet  per 

Second  per 

Square  Mile. 


January, 
February, 
March,    .        . 
April,      . 
May, 
June, 
July, 
August,  . 
September,     . 
October, . 
November, 
December, 

Average, 


2.115 
3.100 
4.159 
2.951 
1.807 
0.736 
0.279 
0.430 
0.432 
0.790 
1.119 
1.422 


1.611 


0.670 
2.386 
5.021 
3.288 
4.461 
0.680 
0.245 
0.279 
0.168 
0.343 
0.493 
1.233 


1.604 


—1.445 
—0.804 
- -0.862 
- -0.337 
--2.654 
—0.056 
—0.034 
—0.151 
—0.264 
—0.447 
—0.626 
—0.189 


—0.007 


380 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


The  next  table  shows  the  weekly  fluctuations,  during  1893,  in  the 
flow  of  the  two  streams  most  carefully  measured,  namely,  the  Sud- 
bury and  the  Merrimack.  The  flow  of  these  streams,  particularly 
the  Sudbury,  will  serve  to  indicate  the  condition  of  other  streams  in 
eastern  Massachusetts. 


Table  showing  the  Average  Weekly  Flow  of  the  Sudbury  and  Merrimack  Rivers,  in 
Cubic  Feet  per  Second  per  Square  Mile  of  Drainage  Area,  for  the  Year  1893. 


suobitrt 
Kivkr. 

Merrimack 
Kivkr. 

8UOJH7BY 

Kivkr. 

Merjumack 
Kivkr. 

Week  ending  Sunday. 

Cable  Feet 

per 

8econd 

per  Square 

Mile. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Week  kjtdino  Sunday. 

Cubic  Feet 

per 

8eoond 

per  Square 

Mile. 

Coble  Feet 

per 

8econd 

per  Square 

Mile. 

Jan.    1,     . 

0.5U 

0.837 

July  2,    . 

0.518 

0.960 

8,      . 

1.132 

1.017 

9.    .       . 

0.312 

0.004 

15,      . 

0.626 

0.610 

16,    . 

0.211 

0.603 

22,     . 

0.460 

0.526 

23,   .       . 

0.253 

0.470 

29,     • 

0.412 

0.470 

80,    . 

0.179 

0.636 

Feb.  5,     . 

0.586 

0.487 

Aug.  6,    . 

0.276 

0.441 

12,     . 

4.937 

1.067 

18,    . 

0.261 

0.469 

19,     . 

2.580 

1.678 

20,    . 

0.181 

0.437 

26,     . 

1.237 

0.982 

27,    .        . 

0.389 

0.661 

Mar.  5,     . 

1.248 

0.844 

Sept.  3,    . 

0.234 

1.000 

12,     . 

2.805 

0.936 

10,    . 

0.184 

0.614 

10,     . 

10.061 

4.126 

17,    .        . 

0.176 

0.481 

2«,     . 

5.164 

2.569 

24,    .        . 

0.128 

0.617 

Apr.  2,     , 

4.  £28 

3.239 

Oct.    1,    . 

0.162 

0.515 

9,     , 

3.610 

3.593 

8,    .       , 

0.166 

0.615 

16,     . 

3.472 

4.630 

15,    . 

0.184 

0.634 

28,     , 

3.350 

3.916 

22,    . 

0.197 

0.777 

30,     . 

2.677 

3.490 

29,    . 

0.783 

1.376 

May   7,     , 

7.854 

7.009 

Nov.  5,    . 

0.538 

1.515 

14, 

4.209 

5.087 

12,    . 

0.666 

0.822 

21,     , 

5.003 

6.808 

19,    . 

0.426 

0.702 

28,     . 

2.140 

3.000 

26,    . 

0.463 

0.742 

June  4,     , 

1.161 

1.679 

Dec.  3,   . 

0.646 

1.083 

11. 

0.636 

1.206 

10,    . 

1.091 

1.194 

18, 

0.676 

1.011 

17,   • 

0.909 

1.200 

25, 

0.657 

0.929 

24,    . 

1.091 

0.716 

i 

31,    . 

1.991 

1.000 
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In  the  annual  report  of  the  State  Board  of  Health  for  the  year 
1890  (pages  338  to  340)  a  table  was  printed  giving  records  of  the 
rainfall  upon  the  Sudbury  River  watershed,  and  its  yield,  expressed 
in  inches  in  depth  upon  the  watershed  (inches  of  rainfall  collected), 
for  the  sixteen  years  from  1875  to  1890  inclusive.  The  correspond- 
ing records  for  the  years  1891  and  1892,  as  taken  from  the  annual 
reports  of  the  Boston  Water  Board,  were  given  in  the  annual  report 
for  1892.  In  the  following  table  is  given  the  record  for  1893, 
together  with  the  average  of  the  records  for  the  whole  nineteen 
years. 

Rainfall  Received  and  Collected  on  the  Sudbury  River  Watershed. 


1898. 

Mban  for  19  Ykabs, 
1875-1898. 

MONTII. 

Rainfall. 

Rainfall 
Collected. 

1  Percent 
Collected. 

Rainfall. 

Rainfall 
Collected. 

PerCent. 
Collected. 

January,   . 

2.025 

0.773 

26.44 

4.351 

2.227 

51.18 

February, 

8.195 

2.485 

30.32 

4.292 

3.184 

74.18 

March, 

3.670 

5.789 

157.74 

4.603 

6.133 

111.61 

April, 

3.605 

8.668 

101.75 

3.235 

8.540 

109.43 

May, . 

6.610 

5.143 

77.81 

8.445 

2.125 

61.68 

June, 

2.380 

0.769 

31.88 

2.983 

0.848 

28.43 

July, . 

2.570 

0.282 

10.98 

3.723 

0.333 

8.94 

August,     . 

6.415 

0.322 

5.95 

4.327 

0.523 

12.09 

September, 

1.785 

0.187 

10.75 

3.088 

0.436 

14.12 

October,    . 

4.065 

0.395 

9.72 

4.193 

0.909 

21.68 

November, 

2.195 

0.550 

25.07 

4.042 

1.485 

36.74 

December, 

4.860 

1.421 

29.23 

3.633 

1.811 

49.85 

Totals  ax 

d  A^ 

FERA 

OBB, 

48.225 

21.774 

45.15 

46.916 

22.554 

49.12 

The  Sudbury  River  records  are  particularly  valuable  as  a  basis  for 
estimating  the  yield  of  other  watersheds  in  Massachusetts,  both  on 
account  of  the  accuracy  with  which  the  measurements  have  been 
made  during  the  whole  nineteen  years,  and  the  absence  of  abnormal 
conditions  which  would  unfavorably  affect  the  results.  It  is  there- 
tore  thought  advisable  to  publish  in  the  following  table  those  por- 
tions of  the  records  relating  to  the  yield  of  this  watershed  for  each 
of  the  nineteen  years;  and  in  doing  so  the  flow  from  the  watershed 
is  expressed  in  gallons  per  day  per  square  mile,  instead  of  inches  in 
depth  of  rainfall  collected,  in  order  to  render  the  table  more  con- 
venient for  use  in  estimating  the  probable  yield  of  watersheds  used 
as  sources  of  water  supply. 
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Yield  of  the  Sudbury  River  Watershed"  in  Gallons  Per  Day  Per  Square  Mile. 
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ON  THE  AMOUNT  AND  CHARACTER  OF  ORGANIC  MATTER  IN 
SOILS  AND  ITS  BEARING  ON  THE  STORAGE  OF 

WATER  IN  RESERVOIRS. 


By  Thomas  M.  Drown,  M.  D.,  Chemist  of  the  Board. 


Many  statements  have  been  made  in  previous  reports  of  the  Board, 
concerning  the  injurious  effect  on  impounded  water  of  the  organic 
matter  in  the  bottoms  and  sides  of  reservoirs,  and  great  stress  has 
been  laid  on  the  importance  of  removing  all  vegetation,  as  well  as 
the  upper  layers  of  the  soil,  before  filling  a  new  basin  with  water.* 

In  order  to  determine  in  any  case  just  how  far  it  is  necessary  to 
go  in  the  removal  of  the  surface  soil,  a  knowledge  of  the  composition 
of  the  soil,  based  on  chemical  analysis,  is  a  much  surer  guide  than 
the  unaided  eye.  It  is  not  merely  a  question  of  the  effective  clean- 
ing of  the  bottom  and  sides  of  the  reservoir,  but  also  of  avoiding  the 
expense  involved  in  stripping  the  soil  to  a  greater  depth  than  is 
necessary.  In  connection  with  the  investigations  of  the  State  Board 
of  Health  relative  to  a  water  supply  for  the  city  of  Boston  and  its 
suburbs,  surveys  have  been  made  for  an  immense  storage  reservoir 
on  the  south  branch  of  the  Nashua  River  above  Clinton,  and  it  was 
thought  desirable  that  a  thorough  knowledge  of  the  character  of  the 
soil  should  be  obtained  as  a  basis  for  determining  the  amount  which 
it  would  be  necessary  to  remove  to  obtain  a  clean  bottom  and  sides 
practically  free  from  organic  matter.  Samples  of  soils,  representing 
sections  of  the  ground  to  a  depth  of  three  feet,  were  taken  at  nine 
places  in  Clinton,  Sterling,  West  Boylston,  and  Boylaton,  and  in 
one  case  at  the  bottom  of  a  mill  pond. 

Each  of  these  nine  sections  were  divided  into  six  or  seven  samples 
for  analysis,  the  upper  portion  being  divided  into  thin  layers  of  two 
to  three  inches,  the  lower  portions,  with  less  organic  matter,  into 
layers  of  six  inches  to  one  foot  in  depth. 


*  Compare  special  report  upon  the  examination  of  water  supplies,  1890,  pages  748,  772, 
773 ;  report  for  1891,  page  381. 
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The  amount  of  organic  matter  in  these  samples  was  determined 
(after  careful  drying  to  a  constant  weight  at  100°  C.)  by  heating 
the  samples  to  a  bright  red  heat.  The  loss  on  ignition  thus  obtained 
represents  approximately  the  organic  matter  in  the  samples.  But 
in  order  to  get  a  better  knowledge  of  the  character  of  this  organic 
matter,  the  amounts  of  carbon  and  of  nitrogen  were  also  determined 
in  each  sample  —  the  former  by  combustion  in  oxygen,  the  latter  by 
the  Kjeldahl  method.  In  series  9  and  10,  the  amount  of  hydrogen 
was  also  determined.* 

Owing  to  the  heterogeneous  character  of  many  of  the  samples, 
composed  often  of  a  mixture  of  soil,  roots  and  large  stones,  it  is 
sometimes  extremely  difficult  to  get  a  sample  for  analysis  that  shall 
fairly  represent  the  layer  in  question.  Perhaps  some  of  the  apparent 
irregularities  in  the  results  may  be  due  to  this  cause.  But  though 
this  difficulty  is  inherent  in  the  investigation  it  is  not  believed  to 
seriously  affect  the  results,  or  the  conclusions  drawn  from  them. 

The  results  obtained  in  the  analyses  of  the  nine  sections  of  soil, 
and  the  deposit  from  the  bottom  of  the  mill  pond,  are  given  in  the 
accompanying  tables.  The  largest  amount  of  organic  matter  found 
was  from  a  swamp  at  the  head  of  Boylston  Mill  Pond  (Series  7), 
and  the  next  largest  in  amount  from  the  hillside  near  the  site  of  the 
proposed  dam  (Series  4).  The  other  series,  from  very  dissimilar 
ground,  did  not  differ  very  widely  in  the  amount  of  organic  matter 
present,  although  they  included  both  unwooded  and  uncultivated 
land  and  wooded  and  manured  pasture  land.  But  in  all  the  series 
there  is  usually  a  rapid  falling  off  in  the  amount  of  the  organic 
matter  below  a  depth  of  nine  to  eleven  inches.  At  the  depth  of 
three  feet  the  amount  of  organic  matter,  as  shown  by  the  loss  on 
ignition,  in  no  case  reaches  two  per  cent.,  and  in  the  majority  of  the 
cases  it  is  below  one  per  cent.  The  mud  taken  from  the  bottom  of 
the  Mill  Pond  at  different  points  contained  very  variable  amounts  of 
organic  matter,  from  almost  nothing  at  one  place  in  the  shallow  por- 
tion to  nearly  15  per  cent,  in  the  deeper  portion. 

It  was  thought  that  the  relation  of  the  amount  of  nitrogen  to  the 
amount  of  carbon  in  the  organic  matter  might  throw  some  light  on 
its  character  and  its  likelihood  to  undergo  decomposition.  This 
relation  is  given  to  the  column  headed  £j.  The  only  series  in  which 
the  nitrogen  ratio  is  noticeably  higher  than  the  rest  is  No.  5f  from 

*  All  the  analyses  in  this  investigation  were  made  by  Miss  Elizabeth  Mason. 
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low  pasture  land.  Series  Nos.  4  and  6,  both  from  hillsides,  show  a 
noticeably  high  carbon  ratio,  and  the  others  are  not  very  dissimilar 
in  their  proportion  of  carbon  to  nitrogen. 

An  attempt  was  made  to  imitate  the  conditions  which  would  ob- 
tain if  the  reservoir  should  be  filled  with  water  without  removing 
the  soil,  in  order  to  determine  what  would  be  the  effect  of  each  of 
the  soils  examined  on  water  in  contact  with  it.  It  is  obvious  that 
no  laboratory  experiment  could  exactly  reproduce  the  conditions 
which  would  exist  in  a  reservoir.  Thus  it  would  not  be  easy  to 
imitate  the  period  of  long  stagnation  of  the  water  during  the  sum- 
mer, when  the  deeper  layers  of  the  water  are  in  contact  with  the 
soil,  without  an  opportunity  to  get  a  fresh  supply  of  oxygen  from  the 
air.  Still  it  was  thought  that  some  idea  of  the  effect  of  the  different 
soils  on  the  water  could  be  obtained  by  treating  the  samples  with 
water  for  a  definite  time,  and  then  examining  the  solutions  thus  ob- 
tained with  respect  to  the  character  of  the  organic  matter  dissolved. 
In  order  to  hasten  the  action  of  the  water  on  the  soils,  it  was  heated 
to  65c  C,  and  the  time  of  contact  at  this  temperature  was  six  hours. 
The  waters  were  then  filtered  and  the  filtrate  examined  by  the  usual 
methods  used  in  the  sanitary  analysis  of  water.  After  standing  one 
week  the  waters  were  again  tested  for  free  ammonia,  to  ascertain  the 
amount  of  decomposition  which  had  gone  on  in  this  time,  thus  ob- 
taining information  as  to  the  character  of  the  organic  matter  dis- 
solved. The  actual  amounts  of  organic  matter  found  in  these  solutions, 
as  indicated  by  the  albuminoid  ammonia  and  oxygen  consumed,  are 
not  especially  significant,  since  they  would  probably  have  been  very 
different  if  another  temperature  or  a  greater  or  less  time  of  treat- 
ment had  been  adopted.  But  a  comparison  of  the  amounts  dissolved 
from  the  soils  in  each  series,  and  a  comparison  of  the  series  with  each 
other,  yield  information  as  to  the  relative  facility  with  which  each  of 
the  samples  examined  give  up  organic  matter  to  water  with  which  it 
comes  iu  contact. 

In  the  various  experiments  tried  the  proportion  of  soil  to  water 
differed,  and  in  some  cases  distilled  water  was  used  and  in  others 
Cochituate  water.  But  in  the  tables  the  results  of  series  1  to  8 
have  been  calculated  to  represent  the  effect  of  the  treatment  of  100 
grams  of  soil  with  two  litres  of  pure  water  at  65°  C.  for  six  hours. 
In  series  9  and  10  no  heat  was  employed.  In  these  experiments  250 
grams  of  each  sample  were  placed  in  a  bottle  with  two  litres  of  pure 
distilled  water.     After  one  week,  one  litre  of  this  water  was  filtered 
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off  and  analyzed,  and  at  the  end  of  the  second  week  the  remaining 
water  was  examined. 

In  comparing  these  tables  of  analyses  of  the  waters  with  the 
corresponding  tables  giving  the  percentage  determinations  of  loss  on 
ignition,  carbon  and  nitrogen,  a  general  agreement  will  be  noticed; 
that  is  to  say,  the  samples  containing  the  most  organic  matter 
give,  as  a  rule,  the  most  concentrated  solutions  of  organic  matter. 
But  the  analyses  do  not  indicate  more  than  a  very  general  corre- 
spondence of  this  kind.  It  will  also  be  noted  that  the  amount  of 
decomposition  going  on  in  these  solutions,  indicated  by  the  increase 
of  free  ammonia  on  standing  one  week,  is,  in  general,  also  proportional 
to  the  amount  of  organic  matter  present.  The  most  notable  increase 
in  the  free  ammonia  is  generally  in  the  solutions  prepared  from  the 
surface  samples.  In  solutions  from  the  deeper  samples  there  is 
generally  a  decrease  of  free  ammonia  indicating  doubtless  its  oxida- 
tion to  nitrates.  The  samples  from  the  bottom  of  the  Mill  Pond 
(series  8)  give  solutions  which  have  little  or  no  tendency  to  develop 
free  ammonia.  This  might  be  expected  from  the  fact  that  the  or- 
ganic matter  they  contain  has  long  been  in  contact  with  water. 

The  effect  of  the  soil  on  the  color  of  water  is  given  both  for  color- 
less distilled  water,  and  for  Cochituate  water  having  an  original 
color  of  about  0.55  on  the  scale  used  in  the  analyses  of  the  State 
Board  of  Health.  In  these  color  determinations  the  water  was  not 
heated,  and  the  length  of  time  of  contact  with  the  soil  was  about 
18  hours.  It  will  be  noticed  that  in  some  cases  the  deeper  samples 
actually  diminished  the  color  of  the  Cochituate  water. 

As  a  preliminary  conclusion,  based  on  the  facts  determined  in  this 
investigation,  it  may  be  said  that  the  effect  of  the  organic  matter  in 
these  various  soils  on  the  water  in  contact  with  them  is  simply  a 
question  of  its  amount,  and  that  its  origin  and  composition  seem 
to  be  without  marked  influence.  The  watershed  from  which  the 
samples  were  taken  is  very  sparsely  populated,  and  the  organic 
matter  in  all  cases  is  mainly  of  vegetable  origin. 

It  is  probable,  therefore,  that  we  need  only  concern  ourselves  with 
the  amount  of  organic  matter  in  a  soil  of  this  character  in  determin- 
ing the  necessity  of  its  removal,  and  as  a  provisional  standard  we 
may  perhaps  fix  1.5  to  2  per  cent,  of  organic  matter,  as  determined  by 
the  loss  on  ignition  of  the  sample  dried  at  100°  C,  as  the  permissible 
limit  of  organic  matter  that  may  be  allowed  to  remain  on  the  bottom 
and  sides  of  a  reservoir. 
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Series  1. 

From  a  Cornfield  One-quarter  Mile  below  Clarendon  Mills,  West  Boylston.  Culti- 
vated Fertilized  Ground  in  Bottoms,  Samples  taken  from  Surface  to  Three 
Feet  below  Surface.    All  Samples  dried  at  100°C. 


Loss 
on  Ignition. 

(Per  Cent.) 

Carbon. 
(Per  Cent.) 

Nitrogen. 
(Per  Cent) 

Ratio. 

e 

n 

la.    Surface  to  2  In.  below,        •       •       .       • 

8.54 

6.12 

0.47 

10.0 

lb.    2  in.  to  4  in.  below  surface,        • 

0.83 

8.66 

0.21 

16.0 

lc.    4  In.  to  0  in.  below  surface, 

7.43 

8.47 

0.80 

11.6 

Id.    6  in.  to  0  in.  below  surface, 

4.27 

2.03 

0.21 

0.7 

It.    9  in.  to  14  in.  below  surface, 

1.87 

0.26 

0.04 

6.6 

1/.    14  in.  to  20  in.  below  surface,     . 

1.07 

0.16 

0.02 

8.0 

\g.    3  feet  below  surface, 

0.78 

0.16 

0.06 

8.0 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[Parts  per  100,000.] 


Free 
Ammonia. 


Free 
Ammonia 

after 

Standing 

One  Week. 


Albuminoid 
Ammonia. 


Oxygen 
Consumed. 


Color  with 

Distilled 

Water. 


Effect 
of  Soils  on 

Color  of 
Cochttuate 

Water  of 
Color  O.M. 


la.  Surface  to  2  in.  below,     • 

lb.  2  in.  to  4  in.  below  surface, 

lc.  4  in.  to  6  in.  below  surface, 

Id.  6  in.  to  9  in.  below  surface, 

le.  0  in.  to  14  in.  below  surface, 

If.  14  in.  to  20  in.  below  surface, 

\g.  3  feet  below  surface,         • 


0.0343 

0.1107 

0.0424 

0.0084 

0.0317 

0.0013 

0.0317 

0.0360 

0.0212 

0.0076 

0.0104 

0.0076 

0.0229 

0.0374 

0.1014 
0.1437 
0.1638 
0.0881 
0.0361 
0.0189 
0.0106 


2.2368 
2.0837 
2.6290 
0.9783 
0.4947 
0.2515 
0.2768 


Not  det'd. 


•• 
•i 
•• 
** 
i* 


Not  det'd. 


•• 
it 
u 
«i 
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Series  2. 

From  a  very  Steep  Slope  One~quarter  Mile  below  Clarendon  Mills,  West  Boylston. 
Not  wooded  or  cultivated.  Samples  taken  from  Surface  to  Three  Feet  below 
Surface,    All  Samples  dried  at  100° C, 


Lost 
on  Ignition. 

(Per  Cent.) 

Carbon. 
(Per  Cent.) 

Nitrogen. 
(Percent) 

Hatio . 

e 

H 

2a.    Surface  to  2  In.  below 

4.55 

2.20 

0.14 

16.1 

2b.    2  in.  to  4  in.  below  surface, 

10.19 

5.00 

0.27 

18.5 

2c.    4  in.  to  7  in.  below  surface,        • 

7.02 

2.52 

0.36 

7.0 

2d.    7  in.  to  10  in.  below  surface, 

7.70 

2.08 

0.21 

14.0 

2e.    10  in.  to  10  in.  below  surface,     . 

1.01 

0.18 

0.05 

3.6 

2/.     10  in.  to  22  in.  below  surface,     . 

1.03 

0.24 

0.13 

1.8 

2g.    8  feet  below  surface, 

0.80 

0.23 

0.08 

7.7 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[Parts  per  100,000.] 


Free 

Ammonia. 


Free 

Ammonia 

after 

Standing 

One  Week. 


Albuminoid 
Ammonia. 


Oxygen    W^wUh 
Consumed.    !^J„ 


Effect 
of  Soils  on 

Color  of 
Coehltuate 

Water  of 
Color  0.55. 


2a.  Surface  to  2  in.  below, 

2b.  2  in.  to  4  in.  below  surface, 

2c.  4  in.  to  7  in.  below  surface, 

2d.  7  In.  to  10  Id.  below  surface, 

2e.  10  in.  to  16  in.  below  surface, 

2/.  16  in.  to  22  in.  below  surface, 

2g.  3  feet  below  surface, 


0.0340 

0.0669 

0.0227 

0.1215 

0.0227 

0.0335 

0.0178 

0.0062 

0.0307 

0.0130 

0.0190 

0.0000 

0.0323 

0.0213 

0.0852 
0.1372 
0.1261 
0.1349 
0.0205 
0.0196 
0.0267 


1.4732 

0.40 

2.3334 

0.48 

2.3092 

0.35 

2.6945 

0.52 

0.5428 

0.15 

0.4560 

- 

0.3756 

0.00 

0.90 
1.00 
0.85 
0.85 
0.70 

0.45 
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Series  3. 

From  Pasture  Land  One  Mile  North  of  South  Clinton  Station.  Sandy  and  Gravelly 
and  Nearly  Level  Samples  taken  from  Surface  to  Three  Feet  below  Surface. 
All  Samples  dried  at  10(fC. 


Loss 
on  Ignition. 

(Per  Cent.) 

Carbon. 
(Per  Cent.) 

Nitrogen. 
(Per  Cent.) 

Ratio. 

e 
n 

8a.    Surface  to  2  Id.  below 

7.86 

3.61 

0.27 

13.0 

8ft.    2  in.  to  4  in.  below  surface,         .       .        • 

6.86 

2.18 

0.24 

0.1 

8c.    4  In.  to  6  In.  below  surface,         . 

4.03 

2.28 

0.20 

11.4 

2k/.    6  In.  to  11  in.  below  surface,       .        .       . 

1.73 

0.60 

0.03 

16.7 

Ze.     11  in.  to  16  In.  below  surface,     . 

1.48 

0.13 

0.04 

3.8 

8/.    16  in.  to  36  in.  below  surface,     . 

0.81 

0.02 

0.02 

1.0 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[Parts  per  100,000.] 


Free 

Ammonia. 


Free 
Ammonia 

after 

8tandlng 

One  Week. 


Albuminoid 
Ammonia. 


Oxygen 
Consumed. 


Color  with 

Distilled 

Water. 


Effect 
of  8olls  on 

Color  of 
Cochltuata 

Water  of 
Color  0.66. 


3a.  Surface  to  2  in.  below, 

3ft.  2  in.  to  4  in.  below  surface, 

3c.  4  In.  to  6  in.  below  surface, 

3c/.  6  in.  to  11  in.  below  surface, 

Ze.  11  in.  to  16  in.  below  surface, 

3/.  16  in.  to  36  in.  below  surface, 


0.0341 

0.0541 

0.0457 

0.0603 

0.0857 

0.0745 

0.0427 

0.0138 

0.0400 

0.0290 

0.0214 

0.0121 

0.1640 
0.1041 
0.0888 
0.0321 
0.0126 
0.0067 


1.4423 

0.30 

1.4855 

0.22 

1.2000 

0.15 

0.4361 

0.12 

0.1680 

0.00 

0.1000 

0.00 

0.60 
0.66 
0.60 
0.60 
0.18 
0.33 
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Series  4. 

From  a  very  Steep,  Clayey  Hillside  near  Site  of  Proposed  Dam.    Samples  taken 
from  Surface  to  Three  Feet  below  Surface.    All  Samples  dried  at  100° G. 


Loss 
on  Ignition. 

(Per  Cent.) 

Carbon. 
(Per  Cent) 

Nitrogen. 
(Per  Cent) 

Satto. 

e 

n 

4a.    Surface  to  2  in.  below,        •       •       • 

17.79 

8.10 

0.58 

14.8 

46.    2  in.  to  4  In.  below  surface,        •       • 

11.04 

5.86 

0.88 

15.4 

4c.    4  in.  to  6  in.  below  surface, 

8.56 

4.81 

0.12 

86.0 

id,   0  In.  to  11  in.  below  surface, 

4.04 

1.28 

0.06 

26.2 

4«.    11  in.  to  16  in.  below  surface,     . 

2.80 

0.47 

0.08 

15.7 

4/.    8  feet  below  surface, 

1.76 

0.10 

0.01 

10.0 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[Parts  per  100,000.] 


Free 
Ammonia. 


Free 
Ammonia 

after 

Standing 

One  Week. 


Albuminoid 
Ammonia. 


n««Mn     Color  with 
S***w      Distilled 


Consumed. 


Water. 


Effect 
of  Soils  on 

Color  of 
Cochituate 

Water  of 
Color  0.65. 


4a.  Surface  to  2  in.  below, 

46.  2  in.  to  4  in.  below  surface, 

4c.  4  In.  to  6  in.  below  surface, 

Ad.  6  in.  to  11  in.  bolow  surface, 

At.  11  in.  to  16  in.  below  surface, 

4/.  8  foot  below  surface, 


0.0622 
0.2581 
0.0454 
0.0071 
0.0077 
0.0188 


0.3555 
0.4740 
0.1518 
0.0267 
0.0154 
0.0092 


0.4240 
0.8032 
0.1968 
0.0542 
0.0369 
0.0155 


7.7883 

0.30 

8.0828 

0.80 

4.2622 

0.48 

1.0422 

0.32 

0.5427 

0.12 

0.8000 

0.40 

0.75 
0.75 
0.80 
0.55 
0.55 
0.70 
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Series  5. 

From  Level  Pasture  Land  near  River,  Half  a  Mile  East  of  Boylston  Station.  Silt 
Formation.  Samples  taken  from  Surface  to  Three  Feet  Six  Inches  below 
Surface.    All  Samples  dried  at  100°  C. 


Lost 
on  Ignition. 

(Per  Gent) 

Carbon. 
(Per  Cent.) 

Nitrogen. 
(Per  Cent.) 

Ratio, 
c 
n 

6a.    Surface  to  2  in.  below,        .... 

9.40 

4.19 

0.43 

9.7 

66.    2  in.  to  4  In.  below  surface, 

8.94 

1.33 

0.16 

8.9 

6c.    4  in.  to  7  in.  below  surface, 

8.04 

1.02 

0.11 

9.3 

bd.    7  In.  to  10  in.  below  surface, 

2.12 

0.63 

0.10 

6.3 

be.    10  in.  to  16  in.  below  surface,     .       . 

2.61 

0.73 

0.09 

8.1 

6/.    16  in.  to  20  in.  below  surface,     . 

0.88 

0.10 

0.03 

6.3 

bg.   3  ft.  6  in.  below  surface,      .... 

1.09 

0.21 

0.02 

10.6 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  dcscribtd. 

[Parts  per  100,000.] 


Free 

Free 

Ammonia 

Ammonia. 

after 

Standing 

One  Week. 

Albuminoid 
Ammonia. 


Oxygen 
Consumed. 


Color  with 

Distilled 

Water. 


Effect 
of  Boils  on 

Color  of 
Coehituate 

Water  of 
Color  6.65. 


ha.  Surface  to  2  in.  below, 

hb.  2  in.  to  4  in.  below  surface, 

5c.  4  in.  to  7  in.  below  surface, 

bd.  7  in.  to  10  in.  below  surface, 

5<».  10  in.  to  15  in.  below  surface, 

bf.  15  in.  to  20  in.  below  surface, 

bg.  3  ft.  6  in.  below  surface,   . 


|    0.0349 

0.0533 

|    0.0380 

I    0.0166 

I 

0.0182 

0.0188 

0.0296 


0.2573 
0.0195 
0.0099 
0.0325 
0.0117 
0.0041 
0.0533 


0.6556 
0.0636 
0.0670 
0.0316 
0.0519 
0.0199 
0.0116 


2.7619 

0.20 

1.6876 

0.2O 

0.8444 

0.20 

0.2882 

0.20 

0.6127 

0.26 

0.2726 

0.00 

0.2036 

0.06 

0.70 
0.65 
0.70 
0.60 
0.70 
0.45 
0.60 
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Series  6. 

From  Three-quarters  of  a  Mile  West  of  Boylston  Centre  on  Wooded  Hillside  East  of 
Muddy  Brook.  Samples  taken  from  Surface  to  Three  Feet  below  Surface.  All 
Samples  dried  at  100°  C. 


Loss 
on  Ignition. 

(Percent) 

Carbon. 
(Per  Cent.) 

Nitrogen. 
(Per  Cent.) 

Ratio. 
n 

6a.    Surface  to  2  in.  below,        .... 

0.69 

8.08 

0.11 

81.2 

66.    2  in.  to  4  in.  below  surface, 

4.31 

1.30 

0.04 

82.5 

6c.    4  in.  to  7  in.  below  surface, 

4.06 

0.01 

0.11 

8.3 

6d.    7  in.  to  10  in.  b«  low  surface, 

2.83 

0.60 

0.02 

84.5 

6e.     10  in.  to  16  in.  below  surface,     . 

2.50 

0.30 

0.02 

15.0 

6/.    3  ft.  below  surface, 

1.77 

0.16 

0.01 

16.0 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[Parts  per  100,000.] 


Free 
Ammonia. 


Free 
Ammonia 

after 

Standing 

One  Week. 


Albuminoid 
Ammonia. 


Oxygen 
Continued. 


Color  with 

Distilled 

Water. 


Effect 
ofBollton 

Color  of 
Cochttuate 

Water  of 
Color  0.65. 


6a.  Surface  to  2  in.  below, 

6*.  2  in.  to  4  in.  below  surface, 

6c.  4  in.  to  7  In.  below  surface, 

6/f.  7  in.  to  10  in.  below  surface, 

6>.  10  in.  to  16  in.  below  surface, 

<*/.  3  ft.  below  surface,  . 


0.0800 
i    0.0392 
0.0361 
0.0209 


0.2921 
0.0574 
0.0323 
0.0116 


0.0340    l    0.0142 


0.0142 


0.0077 


0.4726 
0.0770 
0.0519 
0.0243 
0.0288 
0.0110 


7.0009 

0.60 

1.5740 

0.30 

1.0977 

0.38 

0.3368 

0.10 

0.5060 

0.20 

0.1478 

0.00 

1.00 
0.70 
0.60 
0.58 
0.55 
0.10 
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Series  7. 

From  Swamp  at  Head  of  Boylston  Millpond,  about  Three-quarters  of  a  Mile  above 
Boylston  Station.  Samples  taken  from  Surface  to  Three  Feet  Three  Inches 
below  Surface.    All  Samples  dried  at  100°  C. 


Loss 

on  Ignition. 

(Per  Cent) 

Carbon. 
(Per  Cent) 

Kitrogen. 
(Per  Cent) 

Ratio. 

e 
n 

la.    Surface  to  2  in.  below,        .... 

22.31 

12.53 

0.06 

13.0 

76.    2  in.  to  4  in.  below  ear/ace, 

24.69 

13.05 

0.54 

24.2 

7c.     4  in.  to  8  in.  below  surface, 

17.12 

8.75 

0.86 

10.2 

Id.    8  in.  to  12  in.  below  surface 

0.14 

8.00 

0.21 

18.0 

7c.     12  in.  to  21  in.  below  surface,    . 

3.03 

1.44 

0.09 

16.0 

If.    21  in.  to  30  in.  below  surface,     . 

1.0S 

0.51 

0.04 

12.8 

1g.    39  in.  below  surface, 

0.88 

0.06 

0.00 

0.0 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[Parte  per  100,000.] 


Free 
Ammonia. 

Free 
Ammonia 

after 

Standing 

One  Week. 

Albuminoid 
Ammonia. 

Oxygen 
Consumed. 

Color  with 

Distilled 

Water. 

Effect 
of  Soils  on 

Color  of 
Cochltuate 

Water  of 
Color  0.65. 

7a. 

Surface  to  2  in.  below, 

0.1360 

0.4000 

0.4970 

6.4000 

0.40 

0.70 

76. 

2  in.  to  4  in.  below  surface, 

0.1486 

0.5420 

0.4486 

7.4286 

0.50 

0.90 

7c. 

4  In.  to  3  in.  below  surface, 

0.1360 

0.3440 

0.4970 

4.6000 

0.12 

0.55 

"d. 

8  in.  to  12  in.  below  surface,    . 

0.0274 

0.0709 

0.0937 

2.7429 

0.50 

1.00 

7«. 

12  in.  to  21  in.  below  surface,  . 

0.0305 

0.0267 

0.0438 

1.0857 

0.30 

0.70 

7/. 

21  in.  to  30  in.  below  surface,  . 

0.0173 

0.0220 

0.0502 

0.8471 

0.10 

0.55 

70. 

39  in.  below  surface, 

0.0179 

0.0245 

0.0080 

0.1865 

0.02 

0.45 
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Series  8. 

From  Bottom  of  OakdaU  Millpond  from  Depths  of  Three  to  Twelve  Feet.    All 

Samples  dried  at  lOO^C. 


Lou 
on  Ignition. 

(Per  Cent) 

Carbon. 
(Per  Cent) 

Nitrogen. 
(Per  Cent.) 

Ratio 
e 
n 

0.07 

0.01 

7.0 

86.    1  mile  below  head  in  6  ft.  of  water,    .... 

0.11 

0.06 

0.00 

0.0 

8c.     4  mile  below  head  in  7  ft.  of  water,    .... 

10.16 

4.10 

0.86 

11.4 

Bd.   |  mile  from  head  in  9  ft.  of  water,      .... 

10.46 

4.17 

0.85 

11.9 

Be.    500  ft.  above  W.  &  N.  R.R.  in  12  ft.  of  water,  . 

14.75 

6.56 

0.58 

12.4 

8/.    600  ft.  below  W.  &  N.  R.R.  In  12  ft.  of  water,  . 

4.72 

2.18 

0.15 

14.6 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[ParU  per  100,000.] 


Effect 

Free 
Ammonia. 

Free 
Ammonia 

after 

Standing 

One  Week. 

Albuminoid 
Ammonia. 

Oxygen 
Consumed. 

Color  with 

Distilled 

Water. 

of  Boils  on 
Color  of 

Cochltnate 
Water  of 

Color  0.65. 

8<i. 

Near  head  in  8  ft.  of  water, 

0.0186 

0.0121 

0.0261 

0.2224 

0.01 

0.56 

86. 

i  mile  below  head  in  6  ft.  of 
water. 

0.0162 

0.0027 

0.0144 

0.1864 

0.00 

0.60 

8c. 

£  mile  below  head  in  7  ft.  of 
water. 

0.2100 

0.2000 

0.2042 

3.1408 

0.60 

0.90 

8c7. 

J  mile  from  head  in  9  ft.  of 
water. 

0.1707 

0.2240 

0.2227 

3.8600 

0.60 

0.70 

8e. 

600  ft.  above  W.  &  N.  R.R.  in 
12  ft.  of  water. 

0.1043 

0.22S6 

0.1838 

2.7600 

0.30 

0.75 

¥• 

600  ft.  below  W.  &  N.  R.R.  in 

0.1103 

0.0855 

0.0790 

1.3707 

0.56 

0.85 

12  ft.  of  water. 
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Series  9. 

From  Pasture  Land  about  One  and  One-quarter  Miles  below  West  Boylston,  on 
South  Side  of  Railroad,  which  had  never  been  cultivated.    Samples  taken 
from  Surface  to  Twenty  Inches  below  Surface,    Samples  dried  at  100° C. 


Moisture. 
(PerCent ) 

Loss  on 
Ignitlou. 

(PerCent.) 

Hydrogen. 
(Per  Cent) 

Carbon. 
(PerCent) 

Nitrogen. 
(PerCent) 

Hatlo. 
c 

n 

9a.    Surface  to  2  in.  below,    . 

31.13 

19.89 

1.46 

11.92 

0.66 

18.06 

96.    2  In.  to  4  in.  below 

29.17 

11.52 

0.66 

5.32 

0.48 

11.08 

9c.    4  in.  to  7  in.  below,  .... 

26.17 

8.37 

0.62 

3.56 

0.26 

13.69 

9d.    7  In.  to  10  in.  below, 

26.19 

6.16 

0.42 

1.38 

0.03 

46.00 

9e.    10  in.  to  15  in.  below, 

22.55 

3.16 

0.31 

0.87 

0.06 

14.60 

9/.    15  in.  to  20  in.  below, 

18.47 

2.43 

0.22 

0.85 

0.08 

10.63 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described, 

[Paita  per  100,000.] 


FSKB  AMMOXIA        1 

Albuminoid  Am-    i 
moma. 

Oxtobn  Consumed. 

Color. 

After 

After 

After 

After 

After 

After 

After 

After 

3 

1 

a      |       l 

8 

1 

8 

1 

Days. 

Week. 

Days.     |    Week.    ■ 

Days. 

Week. 

Days. 

Week. 

9«, 

0.0096 

0.0024 

0.0530 

0.1436 

1.8330 

2.1840 

1.15 

1.50 

96,        .        .        . 

0.0066 

0.0008 

0.0254 

0.0228 

0.3003 

0.4368 

0.15 

0.26 

9c,        .        .        . 

0.0040 

0.0072 

0.0188 

0.0180    1 

1 

0.1170 

0.1326 

0.04 

0.10 

9J,       ..        . 

0.0016 

0.0048 

0.0066 

0.0078 

1 

0.0429 

0.0702 

0.00 

0.00 

9e,        .        .        . 

0.0006 

0.0104 

0.0066 

0.0072    | 

0.0156 

0.0585 

0.00 

0.00 

9/,        •        .        . 

0.0048 

0.0016 

0.0050 

0.0052    ' 

i 

0.0195 

1 

0.0624 

0.00 

0.00 
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Series  10. 

From  Land  recently  cleared  of  Good-sized  Timber  and  never  cultivated,  about 
Midway  between  Boylston  and  South  Clinton,  South  Side  of  Valley.  Samples 
taken  from  Surface  to  Two  Feet  Six  Inches  below.    Dried  at  100°  C. 


Moisture. 
(PerCent.) 

Lost  on 
Ignition. 

(PerCent.) 

Hydrogen. 
(Percent.) 

Carbon. 
(PerCent) 

Nitrogen. 
(PerCent.) 

Ratio. 

e 
n 

10a.    Surface  to  2  in.  below,  . 

02  87 

26.65 

1.92 

18.07 

0.94 

19.22 

106.    2  In.  to  4  in.  below, 

54.26 

19.63 

1.15 

10.47 

0.58 

18.02 

10c.    4  in.  to  7  in.  below, 

44.23 

11.12 

0.63 

5.66 

0.32 

17.69 

lOd.   7  in.  to  IS  In.  below, 

32.21 

3.40 

0.34 

1.54 

0.20 

7.70 

lOe.    12  in.  to  17  in.  below,     . 

29.57 

2.85 

0.28 

0.85 

0.31 

2.74 

10/.    2  ft.  6  in.  below,     .... 

17.60 

0.52 

0.05 

0.04 

0.11 

0.36 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[Parte  per  100,000.] 


Fbbb  Ammonia. 

Albuminoid  Am- 
monia. 

OXTOKH  CONtCMKD. 

1 

Color. 

After 

After 

After 

After 

After 

After 

After 

After 

8 

1 

8 

1 

8 

1 

8 

1 

Days. 

Week.    , 

Days. 

Week. 

Days. 

Week. 

Days. 

Week. 

10a,     . 

0.0560 

0.0384 

0.0902 

0.1420 

4.0560 

6.8180 

- 

7.50 

106,     .        . 

0.0232 

0.0224 

0.0382 

0.0320 

!    0.8970 

1.0257 

0.80 

4.50 

10c,      . 

0.0064 

0.0032 

0.0264 

0.0208 

0.5144 

0.6512 

0.80 

1.00 

10a\     . 

0.0056 

0.0024 

0.0240 

0.0254 

0.2440 

0.6448 

0.30 

1.20 

lOe,     . 

0.0056 

0.0072 

0.0738 

0.0436 

0.1584 

1.3280 

0.08 

1.00 

10/,     .      .      . 

0.0096 

0.0024 

0.0074 

0.0066 

0.0864 

0.1008 

0.03 

0.12 

EXPERIMENTS 


UPON  THB 


Purification  of  Sewage  and  Water 


AT  THS 


LAWRENCE  EXPERIMENT  STATION, 


During  the  Year  1893. 


[«W] 


EXPERIMENTS  UPON  THE  PURIFICATION  OF  SEWAGE  AND 
WATER  AT  THE  LAWRENCE  EXPERIMENT  STATION.* 


By  George  W.  Fuller,  Biologist  in  Charge. 


The  year  1893  is  the  sixth  that  the  experimental  work  of  the  Law- 
rence Experiment  Station  has  been  continued.  The  work  is  carried 
on  under  the  general  supervision  of  Hiram  F.  Mills,  A.M.,  C.E.,  a 
member  of  the  State  Board  of  Health.  Mr.  Allen  Hazen,  chemist, 
was  in  direct  charge  of  the  station  until  March  1, 1893,  when  he  was 
given  a  leave  of  absence  and  accepted  the  position  of  chemist  to  the 
Department  of  Water  Supply  and  Sewerage  of  the  World's  Columbian 
Exposition.  The  writer,  who  had  previously' been  in  charge  of  the 
biological  department,  succeeded  Mr.  Hazen  in  charge  of  the  station. 
Mr.  Harry  W.  Clark  is  chemist,  and  Mr.  F.  L.  Fales  has  compiled 
the  records  and  prepared  the  tables  showing  the  results  of  the  work. 
Messrs.  W.  R.  Copeland  and  Louis  Weinberg  are  assistant  biologists 
and  Mr.  F.  B.  Forbes  is  assistant  chemist.  Professors  T.  M.  Drown 
and  W.  T.  Sedgwick  of  the  Massachusetts  Institute  of  Technology 
are,  respectively,  consulting  chemist  and  biologist,  having  a  general 
oversight  of  the  chemical  and  biological  investigations. 

The  year  has  been  an  important  one  in  the  history  of  the  experi- 
mental sewage  filters,  in  that  the  results  of  earlier  investigations 
have  been  confirmed  and  additional  knowledge  has  been  obtained  as 
to  the  management  necessary  to  maintain  the  continuous  efficiency 
of  such  filters. 

The  process  of  purification  of  sewage  by  intermittent  filtration 
consists  of  intermingling  the  sewage  in  the  pores  of  the  filtering 
material  with  sufficient  air,  for  a  sufficient  time,  in  the  presence  of 
micro-organisms  which  quickly  establish  themselves  there. 

*  A  fall  account  of  the  work  done  at  the  Lawrence  Experiment  Station  for  the  yean  1888  and 
1889  is  contained  in  a  Special  Report  of  the  State  Board  of  Health  upon  the  Purification  of  Sew- 
age and  Water,  1890.  A  similar  account  for  the  years  1890  and  1891  is  contained  io  the  Twenty- 
third  Annual  Report  of  the  Board  for  the  year  1891,  and  for  the  year  1892  in  the  Twenty-fourth 
Annual  Report  of  the  Board  for  that  year. 


402  STATE  BOAttD  OF  HEALTH.         [Pub.  Doc. 

Sewage  filters  resemble  complex  living  organisms,  in  that  venti- 
lation and  respiration  must  be  maintained,  otherwise  their  functions 
are  interrupted  and  their  lives  as  filters  come  to  an  end. 

When  sewage  passes  through  a  filter  a  portion  of  the  insoluble 
matter  or  sludge  is  deposited  upon  or  near  the  surface.  The  result, 
eventually,  unless  preventive  measures  are  adopted,  is  a  clogging  at 
the  surface,  which,  owing  to  interrupted  ventilation,  causes  a  deteri- 
oration in  the  quality  of  the  effluent,  and  subsequently,  owing  to  the 
increased  capillary  attraction  and  frictional  resistance  to  the  passage 
of  sewage,  a  reduction  in  the  quantitative  efficiency  of  the  filter. 
The  amount  of  sludge  in  sewage  varies,  but,  unless  care  is  taken, 
any  sewage  will  in  time  clog  any  ordinary  filter.  In  the  Annual 
Report  of  the  Board  for  1892  it  was  stated  that  when  other  conditions 
are  the  same,  the  clogging  is  proportional  to  the  sludge  carried  in 
the  applied  sewage.  It  is  of  importance  therefore  to  consider  not 
only  the  filtering  materials  but  also  the  applied  sewage  in  order  to 
learn  its  average  strength  and  the  limits  in  strength  between  which 
it  varies. 

Character  of  the  Sewage. 

The  sewage  used  at  the  Experiment  Station  is  pumped  through  a 
two  and  one-half  inch  pipe,  4,300  feet  long,  from  a  sewer  which 
drains  the  streets,  houses  and  stores  of  the  most  densely  populated 
sections  of  the  city  of  Lawrence. 

Samples  of  Sewage  for  Analysis. 

Samples  of  sewage  have  been  regularly  collected  for  analysis  as 
follows :  — 

1.  Regular  Sewage.  On  at  least  four  days  in  a  week  a  gallon 
bottle  has  been  filled  from  a  large  tank  of  sewage.  While  the 
sample  was  intended  to  be  as  far  as  possible  a  representative  one,  it 
necessarily  represented  accurately  only  a  small  fraction  of  the  total 
amount  of  sewage  used ;  and  there  is  also  considerable  difficulty  in 
mixing  several  hundred  gallons  of  sewage  so  as  to  get  a  sample  with 
its  proper  share  of  suspended  matter. 

2.  Average  Sewage.  On  one  day  each  week  (Tuesday) ,  a  sample 
has  been  taken  by  collecting  directly  from  the  pump  (without  allow- 
ing any  opportunity  for  sedimentation),  quantities  of  sewage  propor- 
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tional  to  the  amount  of  each  lot  of  sewage  pumped  during  the  day. 
The  average  results  from  numerous  samples  collected  in  this  manner 
give  satisfactorily  the  average  composition  of  all  sewage  applied  to 
the  filters. 

3.  Sewage  for  Filters  Nbs.  1,  6  and  9 A.  In  order  to  learn  the 
variations  in  strength  of  sewage  at  different  times  of  the  day  and  to 
obtain  more  accurate  data  upon  the  storage  of  organic  matter  in  the 
filters  there  have  been  collected  weekly  three  mixed  samples  repre- 
senting each  dose  applied  during  the  week  to  Filters  Nos.  1,  6  and 
9A,  respectively.  In  order  to  keep  the  samples  for  one  week  without 
putrefaction  and  decomposition,  a  small  amount  of  mercuric  acetate 
was  placed  in  the  bottle. 

Monthly  Averages  of  Analyses  of  Regular  Sewage  Samples. 

[Parte  per  100,000.] 


Free 

Ammonia. 

Albumimoid  Ammonia. 

• 

•> 
I 

• 
1 

a 

S  • 

s5 

• 

Bacteria    per 
Cubic  Centi- 
meter. 

MONTH -ISM. 

» 

• 

3 

• 

! 

January, 

2.44 

.88 

.41 

.42 

8.22 

4.98 

8.9 

1,104,000 

February,   . 

2.41 

.68 

.37 

.31 

6.93 

4.33 

2.4 

985,000 

March, 

2.02 

.64 

.84 

.30 

6.05 

4.15 

3.3 

907,000 

April,  . 

2.42 

.83 

.35 

.48 

6.57 

4.16 

1.7 

1,109,000 

May,    . 

.* 

2.23 

.61 

.80 

.21 

6.58 

2.82 

2.6 

755,000 

June,   . 

2.54 

.63 

.28 

.25 

11.37 

2.63 

- 

774,000 

July,    . 

3.02 

.63 

.82 

.31 

8.71 

2.72 

- 

854,000 

August, 

2.82 

.45 

.22 

.23 

10.66 

2.53 

«• 

965,000 

September, 

2.75 

.47 

.22 

.26 

9.92 

2.44 

- 

636,000 

October, 

8.07 

.61 

.26 

.36 

10.72 

2.92 

- 

1,125,000 

November, . 

3.28 

.71 

.29 

.42 

10.79 

4.29 

- 

1,000,000 

December,  . 

8.16 

.70 

.88 

.87 

6.29 

3.61 

- 

861,000 

Averago 

8,       . 

2.68 

.63 

.31 

.32 

8.67 

3.45 

- 

923,000 

*  In  all  of  the  Lawrence  analyses  the  oxygen  consumed  has  been  determined  after  boiling  two 
mluutea. 


The  above  analyses  represent  four  samples  each  week  taken  from 
one  of  the  sewage  tanks,  usually  in  the  morning,  and  the  results  are 
directly  comparable  with  the  analyses  published  for  previous  years* 
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The  above  analyses  represent  average  samples  of  all  tbe  sewage 
pumped  during  the  day  for  each  Tuesday  of  the  year. 

Monthly  Averages  of  Mixed  Samples,  representing  all  of  the   Sewage  applied  to 
FUUrs  Not.  1,  6  and  9  A. 

irarta  par  100,000.) 


With  regard  to  the  comparison  of  the  results  with  each  other  it  is 
to  be  mentioned  that  the  sewage  for  Filter  No.  1  was  all  pumped 
late  in  the  afternoon  during  the  cold  months,  December  to  April, 
inclusive ;  in  Mny  and  June  it  was  pumped  early  in  the  morning, 
and  during  the  rest  of  the  year  part  in  the  early  morning  and  the 
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remainder  in  the  afternoon.  Sewage  for  Filter  No.  6  was  regularly 
pumped  in  the  middle  of  the  day.  In  the  case  of  Filter  No.  9  A 
the  sewage  was  pumped  late  in  the  afternoon  during  the  cold  months, 
December  to  April,  inclusive,  and  early  in  the  morning  during  the 
remainder  of  the  year.  The  results  are  comparable  with  corre- 
sponding results  obtained  in  1892. 


Monthly  Averages  of  Supernatant  Liquid  from  Sewage  settled  with  Alum  for 

Filters  Nos.  19  and  32. 

[Part*  per  100,000.] 


• 

* 
1 

a 
a 

r 

Albuminoid  Ammohia. 

i 

■z 

© 

o 

• 

a 

B  ° 

•  s 

o 

• 

a 
£ 

*3 

MONTH  — 1803. 

• 

1 

■ 

© 

a 
£ 

a 

•-* 

O 

s 

Bacteria 
Cubic  Ce 
meter. 

January,*    . 

2.15 

.88 

.27 

.11 

5.40 

2.70 

- 

880,000 

February,    . 

1.97 

.26 

.19 

.07 

6.56 

2.72 

.2 

77,500 

March, 

1.91 

.28 

.21 

.07 

6.43 

2.32 

.7 

81,000 

April,  .        . 

2.24 

.27 

.22 

.05 

5.57 

1.83 

.6 

20,000 

May,    . 

2.29 

.28 

.18 

.10 

6.99 

1.62 

1.3 

63,000 

June,  . 

2.84 

.32 

.20 

.12 

9.86 

1.62 

- 

460,000 

July,    . 

3.27 

.34 

.23 

.11 

7.66 

1.60 

1.6 

230,000 

August, 

2.48 

.24 

.17 

.07 

7.78 

1.36 

.8 

50,000 

September, 

2.80 

.27 

.20 

.07 

11.73 

1.50 

1.1 

68,000 

October, 

2.04 

.27 

.18 

.09 

5.98 

1.47 

3.3 

316,000 

November,  . 

3.04 

.82 

.24 

.08 

18.72 

2.06 

1.7 

87,000 

December,  . 

3.29 

•     .84 

.24 

.10 

6.74 

1.92 

.9 

187,000 

Averages,     , 

2.54 

.80 

.21 

.09 

8.10 

1.88 

1.2 

145,000 

*  The  sewage  was  not  treated  in  this  manner  January  1  to  20;  the  results  for  this  month  given  in 
the  table  represent  the  analyses  of  January  21  to  31. 

The  above  analyses  represent  the  supernatant  liquid  after  the 
sewage  represented  by  the  regular  samples  had  been  treated  with 
alum,  in  the  proportion  of  1,000  pounds  of  alum  to  1,000,000 
gallons  of  sewage,  and  allowed  to  settle  for  four  hours.  These 
results  show  that  52.4  per  cent,  of  th$  tetftr  albuminoid  ammonia 
and  84.3  per  cent,  of  tjjg^^teria  were  removed.  The  high  numbers 
of  bacteria  in  June jfifa  juiy  appeared  to  be  due  to  a  growth  of  bac- 
teria on  the  sidcfg  0f  the  barrels  where  some  organic  matter  had 
accumulated.  ^e  removal  of  this  organic  matter  from  time  to  time 
caused  the  m^^er  0f  bacteria  in  the  supernatant  liquid  to  become 
normal. 
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Monthly  Averages  of  Supernatant  Liquid  from  Settled  Sewage  for  Filter  No.  13  A. 

[Parts  per  100,000.] 


Free 

AmmonU. 

Albdmivoid  Ammonia. 

• 

s 

"E 
o 

JB 

o 

1 

p 

y 

M 

o 

n 

MONTH -189S. 

• 

i 

6 

a 

*3 
so 

• 

s 

i 

*— 

3*c 
•  w  a 

October*     ....... 

November, 

December, 

2.70  ! 
3.13  ! 
8.25 

.43 
.60 
.60 

.25 
.32 
.80 

.18 
.28 
.30 

6.22 
18.73 
5.98  I 

2.82 
8.54 
3.12 

2.99    | 

844,000 
898,000 
856,000 

Averagee, 

8.03    : 

i 

.64 

.29 

.26 

10.31  1 

866,000 

The  analyses  above  represent  the  supernatant  liquid  after  the 
sewage  represented  by  the  regular  sample  had  been  allowed  to  settle 
for  four  hours.  These  results,  when  compared  with  those  of  the 
regular  samples  of  sewage,  taken  on  the  same  days,  show  a  removal 
of  18.2  per  cent,  of  the  total  albuminoid  ammonia  and  12  0  per 
cent,  of  the  bacteria  by  sedimentation. 

Comparison  of  the  Strength  of  the  Sewage. 

Bringing  together  for  comparison  the  average  results  of  the 
several  series  of  sewage  samples,  we  have  :  — 

[Part*  per  100,000.] 


Free       i 
Ammonia.  1 

Albuminoid  ammovia. 

1 

Oxygen 
Con- 
sumed. 

Total. 

Soluble. 

Insoluble. 

Chlorine. 

I 

i 

Regular, 

Average, 

For  Filter  No.  1,       .       .       . 
For  Filter  No.  6, 
For  Filter  No.  9A,    . 

2.68        | 
8.07 
2.75 
8.04 
2.88        I 

i 

.63 
.74 
.68 
.72 
.69 

.31 

.36 

.81* 

.31* 

.31* 

.32 
.88 
.37 
.41 
.38 

8.57 
7.15 
7.81 
7.47 
7.39 

3.45 
3.63 
3.61 
4.49 

3.62 

*  Estimated  aa  equal  to  thai  In  the  regular  sample. 


It  will  be  seen  that  the  average  sewage  for  the  day  was  the  most 
concentrated,  although  only  a  little  stronger  than  the  sewage  applied 
to  Filters  Nos.  1,  6  aai  9A.  The  regular  sewage  was  the  most 
dilute  of  all,  as  was  the  case  in  1892.     "~"  - 

Investigations  are  under  way  to  show  the  ^lon  °^  ^e  strenSt'1 
of  the  sewage  as  drawn  at  the  ExperimentSt  \  °n  t0  that  °f  th° 
original  sewage  in  the  Lawrence  Street  sewer  rff9  Tesu]ts  of  two 
such  series  of  analyses  are  given  in  the  tahl  \  i  l  0n  JanuaiT 
16  and  17,  1894,  when  the  first  series  w«*  «!«    .,.'  n.weather 


series  was  collected,  the 


was 


No.  34.] 


FILTRATION  OF  SEWAGE. 


407 


clear  and  cold,  and  probably  very  little  surface  water  entered  the 
sewer.  The  second  series  was  taken  during  a  storm.  The  amount 
of  precipitation  (rain  and  melted  snow)  was  1.47  inches,  the  greater 
part  of  which  was  snow ;  considerable  rain  fell  during  the  night  of 
January  30,  however,  and  found  its  way  to  the  sewer.  In  the  second 
series  estimates  of  the  quantity  of  sewage  flowing  in  the  sewer  were 
made  from  observations  of  the  depth  of  sewage  in  the  sewer. 


Results  of  Analyses  of  Hourly  Samples  of  Sewage  from  the  Lawrence  Street 

Sewer, 

[Parts  per  100,000.] 


Janna 

17  16  and  17. 
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6 

a 
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K 
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O 

4 

0 
S 

Albuminoid. 

• 

fib 

Albuminoid. 

Bacteria  per  Cu 
Centimeter. 

Hour. 

i 

0 

£ 

JO 

a 

2 

J9 

1 

• 

I 

• 

a 

1 

6  P.M. 

42.  '1.20 

1 

.66 

.23 

6.166.70 

.7 

- 

1 

84.6* 

1.1 

1.26 

1 

.63 

l 

.18 

l 

4.703.00 

2.0 

680,000 

7    " 

42.5!1.30 

.42 

.12 

3.803.70 

| 

4.1 

46. 

34.  1 

.9 

1.46 

.66 

.16  | 

5.17 

3.10 

2.3 

413,000 

8    " 

43. 

1.85 

.60 

.16 

4.66 

| 

1.80 

2.4 

48. 

88. 

1.8 

1.70 

.68 

.27 

4.29 

2.60 

2.8 

643,000 

9    " 

44. 

1.35 

.36 

.11 

3.802.60 

1 

1.9 

44. 

84. 

1.3 

1.40 

.87 

.09 

3.78 

2.20 

1.6 

616,000 

10    •• 

44 
44. 

1.60 

.46 

.16 

4.003.30 

2.1 

44. 

83.6 

1.6 

1.95 

.64 

.86 

4.21 

2.80 

8.4 

604,000 

11    *• 

43.    1.15 

.26 

.07 

3.30 

1.80 

.8 

43. 

84. 

.9 

1.75 

.43 

.17 

6.68 

1.70 

1.4 

188,000 

12    " 

44. 

1.05 

.22 

.04 

2.80 

1.60 

1.3 

42.6 

83.5 

.9 

1.26 

.26 

.02 

3.27 

1.20 

1.0 

868,000 

1  A.M. 

44. 

.75 

.16 

.02 

2.80 

1 

1.20 

1.7 

42. 

84. 

1.1 

.60 

.18 

.04 

2.32 

1.10 

2.1 

441,000 

2    " 

43.5 

.60 

.17 

.04 

.2.10 

1.00 

1.4 

41. 

34.5 

1.6 

.46 

.16 

.02 

21.09 

.90 

.4 

234,000 

3    •• 

42. 

.65 

.14 

.02 

2.10 

.90 

4.5 

40. 

36. 

1.8 

.66 

.13 

.01 

3.77 

.90 

1.2 

164,000 

4    •• 

42. 

i 

.61 

.17 

.04 

2.10 

.70 

3.3 

40. 

86.6 

2.1 

.66 

.19 

.04 

2.61 

.90 

1.5 

238,000 

6    «• 

42.5'  .61 

i 

.M 

.01 

2.10 

.70 

3.4] 

39.6 

83.5 

2.4 

.63 

.14 

.02 

3.30 

1.00 

2.0 

133,000 

6    " 

41 

1 

.95 

.S3 

.04 

3.00 

| 

1.60 

6.9! 

40. 

81. 

1.8 

1.04 

.28 

.07 

4.08 

1.20 

.4 

470,000 

7    " 

42. 

1.40 

.49 

.16 

,3.45 

1.90 

4.8 

44. 

31. 

1.8 

1.86 

.49 

.12 

3.68 

2.40 

.6 

646,000 

8    «• 

42. 

4.40 

.B 

.36 

4.75 

4.40 

6.3 

46. 

80.6 

2.4 

2.25 

1.86 

.82 

12.62  6.60 

2.2 

1,180,000 

9    " 

47.   '4.55 

1.14 

.64 

5.50 

1 

5.60 

4.S1 

| 

46. 

81. 

2.4 

1.80 

.80 

.26 

6.65*3.40 

2.7 

668,000 

10    " 

•48.    4.10 
1        ! 

|l.49 

.93 

6.30 

l 

6.40 

11.0 

46. 

30. 

1.8 

1.65 

.68 

.18 

4.75 

3.60 

2.5 

636,000 

11     •• 

48.5  3.90 

!         i 

1.01 

.48 

'6.92I5.00 

19.0, 

1 

44.5 

30.5 

2.1 

1 

1.35 

.64 

.11 

4.18 

5.40 

3.4 

412,000 

12    M. 

48.    4.30 

i 

1.19 

1 

.67 

6.32.5.00 

16.9 

46. 

32.6 

2.6  | 

1.96 

.64 

.14 

4.838.30 

3.9 

649,000 

1  P.M. 

46.    2.55 

l 

.73 

.20 

6.525.00 

l                1 

11.2 

46. 

29.5 

2.4  > 

1 

1.75 

.66 

.21 

4.313.40 

2.6 

406,000 

2    " 

46.5  3.25 

1 

.98 

.38 

'8.3215.60 

| 

16.6 

46. 

29.5 

2.4 

1.90 

.70 

.26 

8.20'6.50 

1 

3.9 

680,000 

3    " 

47.    2.30 

.73 

.29 

5.01 

4.70 

13.4 

47.6 

28. 

1.8 

1.56 

.64 

.21 

3.99,3.70 

3.8 

624,000 

4    " 

47.5  1.55 

.50 

.08 

.4.64  4.20 

I        | 

8.6 

47. 

27. 

2.1 

1.30 

.68 

.16 

3.483.30 

1.2 

366,000 

6    " 

- 1..« 

M 

.14 

4.064.50 

1        1 

9.4 

1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

.—St 
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From  the  data  obtained  in  the  second  series  there  was  calculated 
a  representative  analysis  of  all  the  sewage  which  passed  through 
the  sewer  during  this  period  of  twenty-four  hours.  In  the  follow- 
ing table  this  representative  analysis  of  all  the  sewage  flowing  for 
twenty-four  hours  in  the  sewer  is  compared  with  the  average  analysis 
of  all  the  sewage  pumped  at  the  Experiment  Station  during  this 
period  (7  a.m.  to  5  p.m.  January  31). 

[Parts  per  100,000.] 


Free 

Ammonia. 

I             Albuminoid  Ammonia. 

1 
Chlorine. 

Ozvsen 

Jawua.et  80  and  31,  1894. 

Total. 

Soluble. 

Insoluble. 

Con- 
sumed. 

Lawrence  Street  sewer,   . 
Experiment  station, . 

1.40 
2.70 

.54 
.73 

.36 
.49 

.18 
.24 

i 

1      6.M 
|      6.72 

1 

2.87 
6.50 

These  results  indicate  that  the  average  sewage  applied  to  the  ex- 
perimental filters  during  this  period  was  considerably  stronger  than 
the  average  original  sewage  flowing  in  the  sewer.  Whether  or  not 
the  difference  is  always  so  marked  will  require  further  experiments 
to  determine.  It  is  instructive  to  compare  the  analyses  of  the  sew- 
age in  the  two  series,  and  also  the  variations  at  different  times 
during  the  day  in  each  series. 

It  has  been  found  that  the  sewage  in  the  Lawrence  Street  sewer 
contains  considerable  dissolved  oxygen,  while  the  sewage  as  pumped 
at  the  Station  contains  none.  Experiments  are  in  progress  to 
compare  the  results  of  purification  by  filtration  of  fresh  sewage 
from  the  Lawrence  Street  sewer  and  of  sewage  as  pumped  at  the 
Station,  both  with  and  without  aeration. 

Since  clogging  and  consequent  interference  with  ventilation  are  the 
chief  factors  to  be  considered  in  studying  the  continuous  efficiency 
of  filters,  it  is  of  importance  to  know  the  strength  of  the  sewage 
which  has  been  treated  and  the  amount  of  sludge  which  it  contained. 
In  the  table  below  are  given  averages  of  analyses  for  the  year  1893 
of  the  sewage  applied  to  the  experimental  filters  at  Lawrence,  and  of 
that  of  the  cities  and  towns  in  Massachusetts  which  purify  their 
sewage  by  intermittent  filtration. 
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Average  of  Analyses  of  the  Sewage  applied  to  the  Experimental  Filters  at  Law- 
rence, and  of  that  applied  to  the  Filters  used  by  certain  Cities  and  Towns. 

[PsrU  per  100,000.] 


Free 
Ammonia. 

Albuminoid  Ammonia. 

Chlorine. 

Oxygen 
Con- 
sumed. 

8KWAOB. 

Total. 

Soluble. 

Insoluble. 

Lawrence, 

Framlngham,     .... 
Marlborough,     .... 
Gardner,            •       •       • 
Westborough,*  .... 

8.07 
1.88 
2.08 
1.80 
1.07 

.74 
.88 
.62 
.45 
.19 

.38 
.19 
.38 
.21 
.05 

.36 
.19 
.24 
.24 
.14 

7.15 
4.93 
7.85 
8.11 
2.27 

3.68 
5.14 
6.29 
8.94 
2.72 

*  Two  samples  from  Weetborough  were  analyzed ;  the  other  results  (except  Lawrence)  are  averages 
of  seml-moothly  analyses. 

This  table  shows  that  the  sewage  applied  to  the  experimental 
filters  contains  more  sludge  than  the  sewage  of  the  other  places, 
and  consequently  the  experimental  filters  require  more  attention  to 
prevent  clogging  than  do  the  several  large  filters  in  actual  service 
which  receive  more  dilute  sewage. 

Average  Purification  of  Sewage  by  the  Several  Filters 

in  1893. 

In  the  table  below  are  given  the  average  percentages  of  removal 
of  organic  matter  (albuminoid  ammonia)  and  of  bacteria  by  the 
several  filters  to  which  ordinary  sewage  was  applied.  For  the  con- 
struction and  details  of  operation  and  results  see  pages  429-452, 

Average  Per  Cent,  of  Albuminoid  Ammonia  and  of  Bacteria  removed  from 
Sewage  by  the  Several  Filters,  with  Average  Bates  of  Filtration,  1893. 


Number 

or 
Filter. 

Average 

Kale  of 

Filtration. 

(Gallons  per 

Acre  Dally 

for  Six  Days 

in  a  Week.) 

Per  Cent 

of 

Albuminoid 

Ammonia 

Kemoved. 

Per  Cent. 

of  Bacteria 

Removed. 

Number 

or 
Filter. 

Average 

Kate  of 

Filtration. 

(Gallons  per 

Acre  Dally 

for  Mix  Days 

In  a  Week.) 

Per  Cent. 

of 

Albuminoid 

Ammonia 

Kemoved. 

Per  Cent. 

of  Bacteria 

Kemoved. 

1.  • 

106,000 

86 

89 

11  A, 

68,900 

89 

95 

2,   .        , 

40,500 

97 

99.8 

13, 

154,100 

91 

95 

3A, 

56,300 

91 

99.9 

14,       , 

174,000 

95      • 

96 

4,   .        . 

32,300 

96 

99.9 

15  B,    , 

404,700 

77 

77 

5  A, 

119,000 

82 

77 

16  B,    , 

416,200 

75 

81 

6,  .        , 

73,300 

91 

99 

17  A, 

58,500 

96 

99.9 

7,   .        . 

32,000 

92 

99.8 

80, 

55,100 

90 

97 

9A,        . 

111,700 

92 

99 

!«.    • 

63,100 

96 
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These  results  show  that  with  most  of  the  filters  the  removal  of 
organic  matter  was  over  90  per  cent.,  while  five  of  them  removed 
95  per  cent,  or  more.  It  is  to  be  stated,  however,  that  both  the 
quantitative  and  qualitative  efficiency  were  in  many  cases  below  the 
normal  during  the  early  part  of  the  year.  This  was  owing  to  the 
fact  that  for  some  time  previous  the  filters  had  been  operated  in  a 
manner  believed  to  be  unlikely  to  produce  the  best  results,  but  tried 
for  the  sake  of  learning  the  effect  of  certain  methods  of  operation. 
The  methods  of  treatment  by  which  the  filters  resumed  their  former 
ability  to  purify  sewage  are  described  and  discussed  on  pages  412- 
421. 

Permanency  of  Sewage  Filters. 

In  studying  the  subject  of  purification  of  sewage  by  filtration  a 
matter  of  vital  importance  is  the  question  of  the  permanency  of  filters. 
St  is  well  known  that  with  filters  of  suitable  material  sewage  may 
'be  purified  at  a  rate  of  more  than  100,000  gallons  per  acre  daily, 
•with  a  removal  of  over  90  per  cent,  of  the  organic  matter.  It  is 
:also  known  that  some  of  the  organic  matter  of  the  sewage  is  stored 
at  and  near  the  surface  of  the  filter,  and  that  under  some  circum- 
stances there  is  a  certain  amount  of  storage  for  some  distance  below 
the  surface.  It  has  been  learned  that  in  the  case  of  filters  which  have 
regularly  filtered  sewage  at  a  comparatively  high  rate  it  is  eventually 
necessary  to  spade  up  the  surface  in  a  manner  corresponding  to  plough- 
ing, and  later  to  remove  the  clogged  surface  layers  and  replace  them 
with  fresh  material.  We  shall  consider  the  treatment  of  the  upper 
layers  of  a  sewage  filter,  say  the  upper  six  inches,  under  the  heading 
of  management  of  filters  necessary  for  their  successful  operation,  and 
regard  the  permanency  of  the  filters  as  the  ability  of  the  main  body 
of  Che  sand,  below  the  upper  six  inches,  under  proper  treatment,  to 
purify  sewage  for  an  indefinite  time. 

In  the  Annual  Report  for  1891  it  was  shown  that  the  storage  of 
organic  matter  in  the  filters  at  that  time  was  steadily  increasing. 
This  conclusion  was  drawn  from  repeated  determinations  of  nitrogen 
stored  in  the  sand.  During  the  past  two  years  numerous  examinations 
have  been  made,  but,  owing  to  the  unequal  distribution  of  sewage 
through  the  material  caused  by  trenching  and  in  other  ways,  it  was 
found  to  be  practically  impossible  to  obtain  results  which  represent 
correctly  the  entire  filter.  Accordingly  the  calculations  of  the  quan- 
tities of  organic  matter  stored  within  the  filter  have  been  made  after 
another  method  in  1893.     The  results  of  repeated  determinations  of 
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nitrogen  stored  in  the  Band  during  the  earlier  years  of  the  experiments 
indicated  that  30  per  cent,  of  the  applied  nitrogen  was  not  to  be  found 
either  in  the  sand  or  in  the  effluent.  It  probably  disappeared  in  the 
atmosphere ;  possibly  as  nitrogen  gas.  To  the  nitrogen  found  in  the 
average  analyses  of  representative  samples  of  each  effluent  has  been 
added  30  per  cent,  of  the  amount  in  each  case,  and  the  difference 
between  this  corrected  quantity  in  the  effluent  and  the  quantity  of 
nitrogen  in  the  applied  sewage  has  been  taken  to  represent  the 
amount  of  nitrogen  stored  in  the  filters.  In  the  table  below  are 
given  the  percentages  which  the  nitrogen  in  the  effluents,  calculated 
as  described  above  from  the  averages  of  representative  analyses, 
formed  of  the  nitrogen  in  the  applied  sewage,  by  months.  The  sign 
minus,  of  course,  indicates  a  removal  of  stored  nitrogen. 

Per  Cent,  of  Applied  Nitrogen  that  was  stored  in  the  Sewage  Filtert,  in  1893. 


a  m 


h*    9  a 

S  1 
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Summary  and  Conclusions. 

1.  It  will  be  seen  that  the  only  filters  in  which  there  was  a  con- 
tinued storage  of  nitrogen  were  Nos.  4, 15  B  and  1 6  B.  These  filters 
represent  the  extreme  limits  in  the  size  of  materials  and  the  results  are 
explained  by  the  fact  that  there  was  an  insufficient  amount  of  air  for 
the  complete  oxidation  and  nitrification  of  the  applied  sewage. 
From  this  it  follows  that  the  permanency  of  sewage  filters  is  indepen- 
dent of  the  size  of  material,  but  is  directly  dependent  upon  the  treat- 
ment which  they  receive. 

2.  The  removal  of  large  amounts  of  stored  organic  matter  in  the 
spring  and  early  summer  months,  under  favorable  conditions,  is  one 
of  the  most  marked  characteristics  of  sewage  purification  by  inter- 
mittent filtration. 

3.  It  will  be  noticed  that  in  several  cases  the  storage  of  nitrogen 
during  the  winter  months  was  very  slight,  while  in  some  instances 
there  was  a  removal.  This  is  not  apparent  from  the  degree  of  puri- 
fication of  the  corresponding  effluents,  in  which  the  free  ammonia  was 
very  high,  and  this  seeming  discrepancy  is  explained  by  the  fact  that 
while  freezing  winter  weather  interferes  with  nitrification  it  does  not 
seriously  affect  the  oxidation  of  carbonaceous  matter  to  free  ammonia. 

4.  The  average  results  from  all  the  filters,  some  of  which  have 
been  in  operation  regularly  for  six  years,  indicate  that  there  was 
practically  no  more  nitrogen  stored  in  the  filters  at  the  end  than  at 
the  beginning  of  the  year.  From  this  it  appears  that,  with  the  main 
body  of  the  sand  the  same,  sewage  filters  may  continue  to  purify 
sewage  for  an  indefinite  time  provided  they  receive  proper  treatment 
to  insure  sufficient  ventilation  for  the  oxidation  and  nitrification  of 
the  applied  sewage. 

Management  of  Filters  to  Secure  Continuous  Efficiency. 

An  outline  of  the  results  obtained  by  different  methods  for  the 
conservation  of  the  efficiency  of  sewage  filters  is  as  follows  :  — 

Systematic  Baking  followed  by  Scraping. 

In  1890  it  was  learned  that  the  interruption  of  the  ventilation  of 
a  filter,  owing  to  clogging  by  the  stored  organic  matter  of  the  sludge 
at  the  surface,  was  prevented,  to  a  great  extent,  by  a  systematic 
weekly  raking  to  a  depth  of  about  one  inch.     Eventually  the  storage 
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of  sludge  in  the  material  disturbed  by  the  weekly  raking  is  so  great 
that  ventilation  is  no  longer  afforded  by  this  means.  It  is  then 
necessary,  in  order  to  insure  the  continued  efficiency  of  the  filter, 
to  present  cleaner  material  at  the  surface  ;  and  one  of  the  ways  by 
which  this  may  be  accomplished  is  by  removing  the  clogged  material 
by  scraping  and  replacing  it  with  fresh  material.  (See  page  420 
with  regard  to  the  addition  of  new  material.) 

Filter  No.  1. — This  filter  is  one  two-hundredths  of  an  acre  in 
area  and  contains  63  inches  in  depth  of  sand  of  an  effective  size  *  of 
0.48  millimeter.  On  June  2,  1892,  there  were  removed  from  the 
surface  5  inches  of  clogged  material  which  had  been  more  or  less 
disturbed  and  mixed  together  by  trenching.  This  was  four  years 
and  five  months  after  the  filter  was  first  put  in  operation.  No  new 
material  was  added  at  this  time.  The  efficiency  of  the  filter  was 
satisfactory  during  the  following  months  until  freezing  weather  set  in. 
The  quality  of  the  effluent  improved  during  March  and  April,  but  the 
surface  soon  became  clogged  so  that  the  sewage  failed  to  disappear 
from  the  surface  in  twenty-four  hours.  On  May  5, 1893,  a  layer  of 
clogged  sand,  4  inches  in  depth,  was  removed  by  scraping  and  new 
material  added  to  restore  the  filter  to  its  original  depth  of  63  inches. 
The  total  depth  removed  in  the  five  years  and  four  months  up  to  this 
date  was  9  inches,  or  7.9  cubic  yards  per  million  gallons  of  sewage 
filtered.  The  4-inch  layer  removed  May  5,  1893,  was  equivalent  to 
15  cubic  yards  per  million  gallons  filtered  since  June  2, 1892.  Very 
good  results  followed  this  treatment.  The  rate  of  filtration  up  to 
July  10  was  120,000  gallons  per  acre  daily  for  six  days  in  a  week ; 
July  11  to  August  31,  60,000  gallons;  September  1  to  17,  80,000 
gallons;  September  18  to  December  22,  120,000  gallons;  and 
December  23  to  31,  60,000  gallons.  During  the  six  months,  May 
to  October,  inclusive,  the  average  removal  of  organic  matter 
(albuminoid  ammonia)  and  bacteria  from  the  applied  sewage  was 
93.2  and  95.5  per  cent.,  respectively,  while  the  nitrification  was  very 
high.  The  averages  of  the  analyses  of  the  effluent  showed  that  it 
contained  3.16  parts  per  100,000  of  nitrogen  as  nitrates,  which  indi- 
cates a  removal  of  some  of  the  organic  matter  stored  in  the  sand. 

Filter  No.  6. — This  filter  contains  44  inches  in  depth  of  mixed 
coarse  and  fine  sand  of  an  effective  size  of  0.35  millimeter.  The 
surface  has  been  raked  regularly  once  a  week  since  Jan.  1,  1891. 

*  The  "  effective  size  "  means  that  ten  per  cent,  by  weight  of  the  sand  grains  are  finer  than 
the  diameter  given. 
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On  March  29,  1892,  2  inches  of  clogged  material  were  scraped  from 
the  surface  and  replaced  with  new  material.  The  filter  was  spaded 
over  in  layers  to  a  depth  of  2  feet  on  May  19,  1892,  to  break  up 
stratification.  The  surface  became  clogged  again  Sept.  25,  1893, 
when  2  inches  were  again  scraped  off.  The  total  depth  of  4  inches 
removed  up  to  this  date  is  equivalent  to  5.8  cubic  yards  of  sand 
per  million  gallons  of  sewage  filtered ;  the  2  inches  removed  Sept. 
25,  1893,  are  equivalent  to  9.7  cubic  yards  per  million  gallons 
filtered  since  May  19,  1892.  During  this  latter  period  the  average 
removal  of  organic  matter  (albuminoid  ammonia)  and  bacteria  from 
the  applied  sewage  was  94.2  and  99.3  per  cent.,  respectively. 
The  effluent  contained,  on  an  average,  2.83  parts  per  100,000  of 
nitrogen  as  nitrates.  The  average  rate  of  filtration  was  62,400  gal- 
lons per  acre  daily  for  six  days  in  a  week.  From  September  1  to 
December  21  the  rate  was  90,000  gallons,  and  from  December  22  to 
31,  50,000  gallons. 

Systematic  Scraping  when  Necessary \  without  Raking. 

Filter  No.  9  A. — This  filter  is  60  inches  in  depth  and  contains 
sand  of  an  effective  size  of  0.17  millimeter.  The  upper  6  inches 
were  removed,  and  the  rest  of  the  material  taken  out  and  replaced 
dry  May  20,  1892,  in  order  to  break  up  stratification.  The  surface 
was  raked  weekly  until  July  20,  1892,  hut  since  that  time  it  has  not 
been  raked,  but  was  scraped  whenever  the  surface  became  sufficiently 
clogged  to  prevent  the  passage  of  sewage  through  the  filter.  The 
filter  was  scraped  eleven  times  from  May  20,  1892,  to  Nov.  16, 
1893,  and  on  the  latter  date  the  applied  sewage  failed  to  disappear 
just  after  scraping,  indicating  a  clogging  beneath  the  surface.  The 
filter  was  restored  to  its  original  depth  by  the  addition  of  new 
material  after  scraping  on  March  14  and  Sept.  25,  1893.  The  total 
depth  removed  was  5.54  inches,  which  is  equivalent  to  13.8  cubic 
yards  per  million  gallons  of  sewage  filtered  during  the  period.  The 
rate  of.  filtration,  120,000  gallons  per  acre  daily,  for  six  days  in  a 
week,  is  very  high  for  this  material.  The  average  removal  of  organic 
matter  (albuminoid  ammonia)  and  bacteria  from  the  sewage  for  the 
entire  period  was  94.1  and  98.3  per  cent,  respectively.  The  nitro- 
gen as  nitrates  averaged  2.03  parts  per  100,000  in  the  effluent. 

A  decided  objection  to  this  method  of  treatment  is  that  the  fre- 
quent interruption  in  ventilatiou  causes  a  temporary  decrease  in 
nitrification  and  an  increase  in  the  storage  of  organic  matter.     With 
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long  intervals  between  scrapings  this  would  not  be  serious ;  but,  as 
in  the  case  of  Filter  No.  9  A,  there  may  eventually  come  a  time 
when  the  scrapings  are  so  frequent  that  nitrification  does  not  get 
fully  re-established  before  clogging  occurs  again. 

It  was  necessary  to  scrape,  after  November  16,  4£  inches,  before 
the  sewage  would  disappear  readily.  As  the  removed  sand  did  not 
contain  sufficient  stored  organic  matter  to  explain  this  clogging,  its 
final  interpretation  must  be  postponed  until  something  is  known  of 
its  subsequent  history.  It  is  to  be  mentioned,  however,  that  com- 
pactness of  the  material  seemed  to  be  an  important  feature. 


Systematic  Scraping  at  liegular  Intervals,  without  Raking. 

No  experiments  upon  this  point  have  been  made  as  yet  at  the 
Experiment  Station,  but  the  sewage  filters  at  Gardner  have  been 
treated  in  this  manner  for  more  than  two  years.  The  sand  in  these 
filters  has  an  effective  size  of  0.10  to  0.24  millimeter,  and  the  sewage 
is  applied  with  a  two-day  interval  of  rest  at  an  average  rate  of  about 
60,000  gallons  per  acre  daily.  About  one-eighth  inch  of  scum  and 
clogged  sand  is  removed  once  in  ten  days  to  two  weeks.  After 
scraping  off  the  stored  sludge  the  sand  is  raked  to  a  depth  of  1  to 
\\  inches  to  loosen  the  material.  This  treatment  appears  to  be  very 
satisfactory. 

Systematic  Raking  followed  by  Ploughing. 

Upon  the  application  of  sewage  to  filters  of  coarse  sand  the  sludge 
passes  deeper  into  the  material  than  in  the  case  of  filters  of  fine  sand  ; 
eventually  a  clogging  occurs  at  a  point  just  beneath  that  reached  in 
the  weekly  raking  ( 1  inch  deep) .  Under  these  circumstances  the  sur- 
faces have  been  spaded  over  in  a  manner  corresponding  to  ploughing. 

Filter  No  3  A. —  This  filter  contains  30  inches  in  depth  of  coarse 
sand  above  30  inches  of  fine  sand.  The  effective  sizes  are  0.48  and 
0.08  millimeter,  respectively.  The  surface  was  spaded  over  6  inches 
deep  Oct.  19,  1892,  and,  with  the  aid  of  weekly  raking,  the  applied 
sewage  disappeared  promptly  until  August,  1893,  when  the  filter 
became  clogged  again.  The  surface  was  spaded  over  6  inches  deep 
August  14,  after  which  the  applied  dose  of  sewage,  equivalent  to 
60,000  gallons  per  acre  daily  for  six  days  in  a  week,  disappeared 
promptly,  and  the  quality  of  the  effluent  steadily  improved  up  to 
September  1,  when  the  experiment  was  discontinued. 
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Filter  No.  5  A. — This  filter  contains  63  inches  in  depth  of  screened 
gravel  of  an  effective  size  of  1.40  millimeters.  Clogging  beneath  the 
surface  became  apparent  June  12,  1893,  and  was  relieved  by  raking 
2  inches  deep.  The  rate  of  filtration  was  120,000  gallons  per  acre 
daily  for  six  days  in  a  week.  Sub-surface  clogging  appeared  again 
September  15,  when  the  surface  was  spaded  over  6  inches  deep. 
On  October  30  the  rate  was  increased  to  160,000  gallons  per  acre, 
and  clogging  began  to  appear  again  the  first  of  December. 

Under  this  method  of  treatment  it  would  be  necessary,  if  a  high 
rate  of  filtration  were  maintained,  to  resort  eventually  to  scraping, 
as  was  the  case  with  Filter  No.  5  A  in  December. 


Trenching. 

Filler  No.  2. — This  filter  contains  60  inches  in  depth  of  very 
fine  sand  of  an  effective  size  of  0.08  millimeter.  In  the  winter  of 
1892-93  the  surface  of  the  filter  became  very  badly  clogged,  and 
on  March  2  there  were  dug  two  circular  trenches,  each  one  foot 
wide  and  two  feet  deep,  one  and  a  half  and  five  feet,  respectively, 
from  the  edge  of  the  filter.  These  trenches  were  filled  to  within 
three  inches  of  the  top  with  sand  of  an  effective  size  of  0.19  milli- 
meter. The  prescribed  dose  of  40,000  gallons  per  acre  daily  for 
six  days  in  a  week  was  then  taken  without  difficulty  and  the  quality 
of  the  effluent  steadily  improved.  On  September  1  the  dose  was 
increased  to  ^0,000  gallons.  During  October  the  trenches  gradually 
showed  the  effect  of  clogging,  and  finally  were  unable  to  take  the 
prescribed  dose.  At  the  same  time  the  free  ammonia  in  the  effluent 
began  to  increase.  On  October  30  the  upper  two  inches  of  sand 
in  the  trenches  were  removed  and  replaced  with  fresh  material. 
This  afforded  but  little  relief,  owing  to  a  clogging  further  down  in 
the  filter,  as  is  explained  beyond.  The  sand  removed  was  equivalent 
to  7.9  cubic  yards  per  million  gallons  of  sewage  filtered  since 
March  2,  1893,  and  contained  118  parts  per  100,000  of  albuminoid 
ammonia.  The  average  removal  of  organic  matter  (albuminoid 
ammonia)  and  bacteria  from  the  applied  sewage  during  this  time 
was  95.7  and  99.7  per  cent.,  respectively.  The  effluent  contained 
on  an  average  2.86  parts  per  100,000  of  nitrogen  as  nitrates,  which 
indicates  a  removal  of  some  of  the  organic  matter  stored  in  the 
sand  during  the  winter  months.  The  average  rate  of  filtration  was 
43,000  gallons  per  acre  daily  for  six  days  in  a  week. 
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The  trenches  in  this  filter  probably  doubled  the  quantity  of  sew- 
age which  could  be  successfully  treated,  and  moreover  caused  a 
marked  improvement  in  the  quality  of  the  effluent. 


Construction  of  Trenches. 

When  coarse  sand  is  placed  in  trenches  dug  in  finer  sand  some  of 
the  sludge  of  the  applied  sewage  in  time  works  down  to  the  fine 
sand  at  the  junction,  where  the  gradually  increasing  storage  causes 
an  increase  in  the  capillary  attraction,  and  eventually  so  large  a  pro- 
portion of  the  space  between  the  sand  grains  is  constantly  filled  with 
water  that  the  ventilation  is  seriously  impaired  and  the  frictional 
resistance  is  so  great  that  both  the  qualitative  and  quantitative  effi- 
ciency of  the  filter  are  crippled. 

Filter  No.  2  became  clogged  in  this  manner,  and  on  Dec.  2, 
1893,  the  coarse  sand  was  removed  from  the  trenches  and  also  two 
and  a  half  inches  of  the  fine  sand  beneath  it.  After  raking  the  sides 
and  the  bottom  of  the  trenches,  a  layer  five  inches  in  depth  of 
thoroughly  mixed  coarse  and  fine  sand,  with  the  coarse  gradually 
decreasing  downward,  was  put  back,  with  a  view  to  preventing  the 
occurrence  of  any  sharply  dividing  line  in  the  difference  in  capillary 
attraction.  As  far  as  can  be  judged  at  the  time  of  writing  the  effect 
upon  the  filter  was  very  beneficial.  In  the  case  of  deep  trenches, 
where  much  of  the  sewage  passes  through  the  sides,  it  would  prob- 
ably be  desirable  to  treat  the  sides  in  a  somewhat  similar  manner. 

Some  experiments  have  been  made,  showing  comparisons  of  the 
capillarity  and  other  physical  characteristics  of  coarse  and  fine  sand 
and  several  mixtures  of  the  two.  The  materials  (Nos.  1  and  2 
sands)  were  dried  and  thoroughly  mixed.  In  the  table  below  are 
given  the  mechanical  composition,  effective  size,  uniformity  coeffi- 
cient, per  cent,  of  open  space  and  specific  gravity,  as  well  as  the 
capillarity  in  each  case.  The  capillarity  was  determined  by  finding 
the  amount  of  water  held  in  the  pores  of  the  sand  after  draining 
twenty-four  hours,  and  it  is  instructive  to  note  that  the  mixtures  of 
one  part  coarse  and  three  parts  fine  and  equal  parts  of  coarse  and 
fine  held  more  water  than  the  fine  alone,  while  the  other  mixture  held 
only  a  little  less. 
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Mechanical  Composition  of  Sands. 


DlAJCETBB  IV  MlLLUUTBBS. 


Pbb  Ckjtt. 


Coarse. 


Fine. 


One 
part  Coarse, 
three  Vine. 


Equal 

parts,  Coarae 

and  Fine. 


Three  parts 

Coarae  and 

one  Fine. 


Finer  than  6.9, 
"         3.9, 


•i 
•« 

u 
•• 
*i 
•I 
•I 
II 


2.0,. 
.93, 
.46, 
.32, 

.18. 
.10. 
.08, 
.04, 


100. 
98. 
93. 
32.0 
8.0 
3.3 
.9 
.4 


•100. 
98. 
oo» 
24. 
10. 
2. 


100. 
99. 
89. 
T2. 
69. 
62. 
16. 
6. 
2. 


100. 
94. 
76. 
64. 
61. 
46. 
13. 

6. 

1. 


100 
90 
61 
80 
26 
SS 
6 
3 


Physical  Characteristics. 


Effectlre 

Slxe. 

Millimeter. 


Uniformity 
Coefficient. 


Ter 

Cent.  Open 

Space. 


Specific 
Gravity. 


Coarse, 

Fine 

One  part  coarse  and  three  floe, 
Equal  parts,  coarse  and  fine,  . 
Three  parts  coarse  and  one  fine, 


0.48 
0.08 
0.09 
0.10 
0.13 


2.6 
2.0 
2.1 
8.7 
6.6 


40. 
44. 
87. 
34. 
86. 


1.04 
1.80 
1.68 
1.74 
1.73 


Per  Cent,  of  Total  Open  Space  in  each  Foot  occupied  by  Water  after  being  filled 

and  then  drained  for  Twenty-four  Hours. 


Coarse. 


Fine. 


One  Part 

Coarse, 

Three  Parts 

Fine. 


Equal  Parts, 

Coarse 

and  Fine. 


Three  Parts 

Coarse, 

One  Part 

Fine. 


Upper  foot, 
Second  foot, 
Third  foot, 
Fourth  foot, 
Fifth  foot,  .. 


16 

39 

16 

48 

16 

64 

16 

84 

18 

100 

38 
61 
68 
97 
100 


38 
66 
71 
88 
100 


26 
32 
44 

68 
88 


*V 
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Resting. 

Filter  No.  4. — This  filter  contains  60  inches  in  depth  of  fine 
river  silt  of  an  effective  size  of  0.04  millimeter  and  has  received 
sewage  since  June  24,  1889,  in  a  trench  of  coarse  mortar  sand. 
This  trench  covers  one-third  the  area  of  the  filter,  is  14  inches  deep, 
and  is  filled  to  within  3  inches  of  the  top  with  the  coarse  sand.  In 
the  winter  of  1892-93  the  trench  became  clogged  and  unable  to  take 
the  dose  of  40,000  gallons  per  acre  daily  for  six  days  in  a  week. 
On  March  6  the  upper  2  inches  of  sand  in  the  trench,  containing  75 
parts  per  100,000  of  albuminoid  ammonia,  were  removed.  This 
was  a  total  removal  of  3 J  inches  since  June  24, 1889,  and  equivalent 
to  3.79  cubic  yards  per  million  gallons  ;  the  2  inches  removed  March 
6, 1893,  were  equivalent  to  9.3  cubic  yards  per  million  gallons  filtered 
since  May  9, 1892,  the  date  of  the  first  removal.  This  did  not  afford 
relief,  and  the  coarse  sand  was  taken  out  of  the  trench,  the  upper 
half  inch  of  the  fine  sand  beneath,  it  was  removed  and  the  coarse 
sand  replaced.  Clogging  again  occurred  in  May,  and  a  new  trench 
was  constructed  June  2,  the  old  one  being  allowed  to  rest.  Analyses 
of  the  sand  showed  that  there  was  a  reduction  of  39  per  cent.,  from 
June  2  to  August  16,  of  the  albuminoid  ammonia  stored  in  the 
trench.  Another  analysis  on  October  30  showed  no  farther  reduc- 
tion, but  the  sewage  was  applied  to  the  original  trench  from  that 
date  throughout  the  year  without  difficulty.  The  rate  of  filtration 
since  June  2  has  been  30,000  gallons  per  acre  daily  for  six  days  in  a 
week.  The  average  removal  of  organic  matter  (albuminoid  ammonia) 
and  bacteria  from  the  applied  sewage,  May,  1892,  to  October,  1893, 
iuclusive,  was  92  9  and  99.993  percent.,  respectively.  For  Novem- 
ber and  December,  1893,  these  figures  became  98.2  and  99.999, 
respectively.  The  nitrogen  as  nitrates  in  the  effluent  averaged  1.09 
and  2.14  parts  per  100,000,  respectively,  during  the  two  periods. 

The  construction  of  double  trenches,  allowing  each  to  work  and 
rest  alternately,  in  periods,  is  of  much  practical  value ;  and,  more- 
over, the  removal  of  stored  organic  matter  by  simple  resting  indi- 
cates that  this  inexpensive  method  is  worthy  of  careful  consideration 
in  the  treatment  of  large  areas  of  clogged  filtering  material. 
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Addition  of  New  Material. 

For  some  time  it  has  been  known  that  the  passage  of  sewage 
through  sand  increases  the  amount  of  stored  organic  matter,  which 
forms  a  sticky  coating  around  the  sand  grains  and  thereby  increases 
the  capillary  attraction.  Accordingly,  when  new  material  with 
grains  of  the  same  size  and  original  composition  is  put  upon  old 
material  to  take  the  place  of  clogged  material  removed  by  scraping 
the  effect  is  similar  to  placing  coarse  sand  above  fine,  and  the  result 
is  a  clogging  at  the  junction.  This  was  found  to  be  the  case  in 
Filters  Nos.  1  and  6,  which  indicated  furthermore  that  the  finer  the 
material  and  the  nearer  the  junction  was  to  the  surface  the  quicker 
the  clogging  became  manifested.  To  remedy  this  the  filters  were 
spaded  over,  the  old  and  new  material  mixed  together,  so  as  to  break 
up  the  layer  at  the  dividing  line  between  the  materials  of  unlike 
capillary  attraction,  and  satisfactory  results  followed. 

The  Management  of  Sewage  Filters  with  Regard  to  Winter  }VeatJier. 

The  purification  of  sewage  by  intermittent  filtration  is  ordinarily 
attended  with  more  difficulties  during  the  freezing  winter  weather 
than  during  the  remainder  of  the  year,  owing  to  an  apparent  diminu- 
tion in  the  activity  of  the  micro-organisms  in  the  presence  of  frost ; 
to  the  less  favorable  conditions  for  ventilation  because  freezing 
interferes  with  draining,  and  the  pores  of  the  sand  are  more  or  less 
filled  with  frost ;  and  to  the  danger  of  the  sewage  freezing  to  the 
sand  before  it  disappears,  whereby  further  filtration  is  impossible 
until  a  thaw  comes.  It  is  therefore  of  the  utmost  importance  that 
the  treatment  of  the  filters  be  such  that  the  conditions  for  operation 
be  as  favorable  as  possible  during  the  winter. 

Most  of  the  experimental  filters  received  their  preparation  for  the 
winter  on  December  2,  and  on  the  following  day  severe  winter 
weather  began.  The  filters  showed  great  improvement  in  the  readi- 
ness with  which  they  took  the  applied  sewage,  but  the  improvement 
in  the  quality  of  the  effluent  was  far  less  than  would  have  been  the 
case  in  warmer  weather.  This  indicates  that  the  filters  should  be 
prepared  for  the  winter  sufficiently  early  to  be  in  their  best  condition 
in  every  way  when  freezing  weather  begins.  It  does  not  appear  to 
be  advisable  to  postpone  this  treatment  in  Massachusetts  after  the 
1st  of  November. 

In  regard  to  the  preparation  necessary,  it  may  be  stated  that  the 
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clogging  should  be  removed  as  far  as  practicable,  and  in  a  majority 
of  cases  the  surface  can  with  great  advantage  be  arranged  in  alter- 
nate ridges  and  trenches.  The  ordinary  winter  sewage  is  sufficiently 
warm  to  melt  some  of  the«  snow  in  the  trenches,  but  in  so  doing 
becomes  so  chilled  that  in  many  cases  a  sheet  of  ice  is  formed  beneath 
the  unmelted  snow  and  above  the  sand  in  the  trench.  The  sewage 
will  slowly  pass  into  the  sand'  and  form  in  this  way  a  very  inex- 
pensive and  effective  winter  cover.  It  is  also  to  be  mentioned  that 
at  Framingham  the  filters,  which  were  planted  with  corn  (maize), 
were  afforded  such  covers  by  allowing  the  snow  and  ice  to  rest  upon 
the  corn  hills. 

Owing  to  the  limited  area  of  the  experimental  filters  there  is  but 
little  opportunity  for  lateral  filtration  (a  very  important  feature  in 
large  filters),  and  it  is  not  practicable  to  ridge  and  trench  the  sur- 
face of  most  of  the  Lawrence  filters  because  the  sewage  would  pass 
through  in  places  too  quickly.  It  appears  that  large  filters  in  actual 
practice  are  much  less  difficult  to  operate  in  winter  weather  than  the 
experimental  filters. 

Summary  and  Conclusions. 

The  several  methods  of  managing  filters,  with  particular  reference 
to  the  removal  of  clogging  in  the  surface  layers,  which  have  been 
applied,  with  varying  results,  may  be  summarized  as  follows :  — 

1.  Systematic  raking,  with  occasional  harrowing  or  ploughing, 
is  very  satisfactory,  particularly  for  coarse  materials. 

2.  Systematic  scraping  at  regular  intervals  (followed  by  raking 
to  loosen  the  material)  gives  very  good  results,  especially  for  fine 
materials. 

3.  Systematic  scraping  when  necessary,  without  raking  or  har- 
rowing, is  not  advisable. 

4.  The  efficiency  of  very  fine  material  (clogged  or  not  clogged) 
is  much  increased  by  trenching  with  coarse  material. 

5.  Such  trenches  should  contain  carefully  graded  materials  at 
the  bottom  to  prevent  clogging  at  the  junction  of  the  coarse  and  fine 
sand. 

6.  When  new  material  is  put  on  to  old  to  replace  clogged 
material  removed  by  scraping,  it  is  always  advisable  to  mix  the  old 
and  the  new  together  in  order  to  prevent  clogging  at  the  junction 
of  layers  of  unlike  capillary  attraction. 

7.  The  removal  of  stored  organic  matter  by  resting  for  a  lu&lta&» 
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period  is  sufficiently  great  to  render  this  simple  and  inexpensive 
method  worthy  of  careful  consideration  in  cases  of  clogging  where 
the  available  area  is  not  too  limited.  It  may  be  mentioned  here  that 
the  depth  of  material  necessary  to  be  removed  from  the  surface  of 
several  of  the  experimental  filters  would  doubtless  have  been  con- 
siderably less  if  they  had  been  allowed  to  rest  for  a  short  time. 

8.  It  is  important  that  the  treatment  of  filters  be  such  that  the 
conditions  of  operation  be  as  favorable  as  possible  during  the  cold 
winter  weather. 

9.  Great  care  should  be  taken,  especially  in  the  case  of  filters 
of  fine  material,  that  the  capacity  of  the  filter  be  not  taxed  during 
the  winter  months  to  such  an  extent  that  more  organic  matter  is 
stored  throughout  the  sand  than  can  be  removed  during  the  spring 
and  early  summer,  which  is  the  period  of  highest  nitrification. 

Experiments  upon  the  Rapid  Filtration  of  Sewage  from  which 
the  Sludge  has  been  removed  bt  Different  Methods. 

The  question  of  clogging  has  been  considered  in  the  preceding 
pages  with  regard  to  the  removal  of  sludge  after  its  application  to 
and  partial  storage  in  the  sand.  Another  aid  to  prevention  and 
relief  is  the  removal  of  as  much  of  the  sludge  as  possible  before 
the  application  of  the  sewage  to  the  filter.  This  may  be  done  by 
different  treatments  as  follows :  — 

I.  By  rapid  filtration  through  coarse  gravel,  with  the  aid  of  a 
current  of  air  drawn  through  the  gravel. 

IT.     By  chemical  precipitation. 

III.  By  sedimentation. 

IV.  By  mechanical  devices,  such  as  very  fine  screens  or  wire 
cloth.     (Results  as  yet  incomplete.) 

After  treating  sewage  by  one  of  the  first  three  of  these  different 
methods  it  has  been  in  each  case  applied  to  a  filter  of  sand  5  feet 
deep,  having  an  effective  size  of  grain  of  0.17  to  0.19  millimeter. 

/.  {Filters  Ms.  12  A,  15  B  and  16 B.) 

Filters  Ms.  15 B  and  16  B  are  each  65  inches  in  depth  and  con- 
tain gravel  stones  of  an  effective  size  of  5.10  millimeters.  They 
were  put  in  operation  July  25,  1892.  A  current  of  air  has  been 
drawn  through  No.  15  B,  by  means  of  an  aspirator  attached  to  the 
tank  near  the  bottom,  since  March  18,  1893,  and  through  No.  16  B 
since  Jan.  16,  1893.     The  outlet  from  each  filter  has  been  trapped. 
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The  surfaces  were  not  disturbed  until  the  middle  of  July,  1893, 
about  a  year  after  they  were  first  put  in  operation.  They  were 
each  raked  3  inches  deep  four  different  times,  to  remove  clogging, 
between  the  middle  of  July  and  September  1.  After  September 
1,  they  were  raked  regularly  once  a  week  until  October  26,  since 
which  date  they  have  been  raked  3  inches  deep  daily.  During 
November  and  December  there  was  evidence  of  sub-surface  clogging 
and  each  filter  was  spaded  over  6  to  8  inches  deep  on  several  occa- 
sions.    No  material  has  been  removed  from  either  filter. 

Filler  No.  12  A  contains  60  inches  in  depth  of  sand  of  an  effective 
size  of  0.19  millimeter,  and  receives  the  effluent  of  Nos.  15  B  and 
16  B.  Since  March  24  it  has  been  scraped  when  clogged,  but  not 
raked.  The  clogged  sand  has  been  washed  and  replaced.  The 
filter  has  been  scraped  on  an  average  once  in  five  days,  and  the 
average  depth  of  clogged  sand  removed  was  0.24  inch.  Sub-surface 
clogging  made  it  necessary  to  spade  over  the  upper  six  inches  of  sand 
after  scraping  on  September  27  and  December  12  and  27.  The 
results  are  summarized  beyond. 

//.  {Filler  No.  19.) 

This  filter  is  also  60  inches  deep,  and  the  sand  has  an  effective  size 
of  0.17  millimeter.  It  has  received  the  supernatant  liquid  from  sew- 
age after  treatment  with  alum  (1,000  pounds  per  million  gallons  and 
allowed  to  settle  four  hours).  Since  October  23  it  has  been  scraped 
after  the  same  manner  as  No.  12  A.  The  average  period  between 
scrapings  was  ten  days  and  the  average  depth  removed  was  0.47 
inch.  Up  to  December  20  the  filter  had  twice  been  spaded  over  6 
inches  deep  to  remove  sub-surface  clogging.  The  rate  of  filtration, 
640, (»00  gallons  per  acre  daily  for  six  days  in  a  week,  overtaxed 
the  capacity  of  the  filter,  which  was  allowed  to  rest  for  two  weeks 
beginning  December  23.    The  results  are  summarized  beyond. 

III.  {Filter  No.  13 A.) 

This  filter  was  constructed  on  Sept.  27,  1893,  and  contains  60 
inches  in  depth  of  sand  of  an  effective  size  of  0.19  millimeter.  It 
received  the  supernatant  liquid  from  sewage  which  had  been  allowed 
to  settle  four  hours.  It  has  been  scraped  on  an  average  once  in  six 
days,  and  the  average  depth  removed  was  0.37  inch.  In  December 
the  sand  was  spaded  over  to  a  depth  of  6  inches,  three  times,  to  re- 
move sub-surface  clogging.     The  rate  of  filtration,  480,000  gallons, 
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per  acre  daily  for  six  days  in  a  week,  overtaxed  the  filter,  which  was 
allowed  to  rest  for  two  weeks  beginning  December  23.  The  results 
are  summarized  below. 


Quantitative  Efficiency  —  Average  Bates  of  Filtration, 

(Galloni  per  sere  dally  for  alx  days  In  a  week.) 


Ncvbxb  or  Filter. 


Jan.  1  to  Dec  81, 
1898. 

Oct 

.  1  to  Dec.  81, 
1888. 

819,900 

060,000 

- 

416,800 

404,700 

480,000 

416,200 

480,000 

267,200 

554,000 

12  A, 
18  A, 
16  B, 
18  B, 
10,   . 


Qualitative  Efficiency  —  Average  Percentage*  of  Removal  of  Organic  Matter  and 

Bacteria, 


Jan.  1  to  Dae.  81, 
1898. 

Oct.  1  to  Dko.  31, 
1898. 

Albuminoid 
Ammonia. 

Bacteria. 

Albuminoid 
Ammonia. 

Bacteria. 

From  sewage  by  Filter  No.  15  B 

From  sewage  by.  Filter  No.  18  B 

From  effluent  of  Filters  Nos.  15  B  and  16  B  by  Filter 

No.  12  A. 
From  sewage  by  Filters  Nos.  16  B  or  16  B  and  No. 

12  A. 
From  sewage  by  chemical  precipitation,    . 

From  clarified  sewage  (after  chemical  precipitation), 

by  Filter  No.  19. 
From  sewage  by  chemical  precipitation  and  Filter 

No.  19. 

From  clarified  sewage  (after  sedimentation)  by  Fil- 
ter No.  13  A. 
From  sewage  by  sedimentation  and  Filter  No.  13  A, 

77.8 
75.2 
81.2 
05.6 
52.4 
80.0 
04.6 

77.4 
80.8 
08.9 
99.8 
84.3 
95.8 
99.2 

1 

i 

79.9 
70.5 
80.8 
96.7 
65.2 
78.7 
90.1 
18.2 
89.4 
91.3 

84.0 
70.8 
00.0 
00.0 
81.6 
07.0 
00.6 
12.0 
08.6 
08.8 

*  Several  of  the  percentages  In  this  table  differ  a  little  from  those  presented  on  page  101  of  Senate 
Document  No.  4  for  1894,  owing  to  a  slight  revision  of,  and  an  extension  of  the  period  covered  by,  the 
results. 

Summary  and  Conclusion*. 

1.  Of  the  three  methods  given  above  for  the  removal  of  sludge, 
filtration  through  coarse  gravel  at  a  very  rapid  rate,  and  with  the  aid 
of  a  current  of  air  drawn  through  the  gravel,  gave  the  greatest  puri- 
fication. Furthermore,  it  has  the  advantage  that  it  burns  up  the 
sludge  to  a  large  extent  and  does  not  call  for  additional  means  for 
sludge  disposal. 
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2.  The  removal  of  sludge  by  sedimentation  enables  filters  of  fine 
materia]  to  be  operated  at  higher  rates  than  filters  which  receive 
ordinary  sewage.  It  appears  that  it  would  be  advisable  to  employ 
sedimentation  in  many  large  filters  where  the  sewage  is  strong  and 
the  filters  are  not  cultivated. 

3.  The  aid  received  from  the  removal  of  sludge  by  chemical 
precipitation  does  not  appear  to  be  sufficient  to  justify  the  additional 
cost. 

4.  Of  the  three  filters  of  fine  sand  which  receive  sewage  from 
which  the  sludge  has  been  partly  removed  by  different  methods, 
No.  12  A  received  the  best  purified  sewage  and  gave  the  highest 
efficiency  both  from  a  qualitative  and  a  quantitative  point  of  view. 
This  filter  also  is  the  only  one  capable  of  continuing  to  work  at  the 
rates  given  above. 

5.  Upon  studying  the  several  methods  of  obtaining  a  well  purified 
effluent  from  sewage  we  find  that  the  average  rate  of  filtration  for 
the  combined  area  of  Filters  Nos.  12  A,  15  B  and  16  B  was  320,000 
gallons  per  acre  daily  for  six  days  in  a  week.  This  is  the  best 
result  yet  obtained  with  the  experimental  filters,  and  this  system 
of  double  filtration  with  the  aid  of  a  current  of  air  appears  to  be 
capable  of  application  to  the  purification  of  sewage  on  a  large  scale. 


Sub-surface  Application  or  Sewage. 

Filter  No.  7. — This  filter  contains  44  inches  in  depth  of  mixed 
coarse  and  fine  sand  of  an  effective  size  of  0.35  millimeter,  above 
which  are  10  inches  of  loam  and  6  inches  of  soil.  The  sub-surface 
drain  pipe  is  6  inches  in  diameter,  with  open  joints  every  2  feet, 
and  is  18  inches  below  the  surface.  This  pipe  became  clogged  and 
on  April  20  was  taken  up  and  cleaned.  The  sludge  removed  con- 
tained 75  per  cent,  of  the  insoluble  albuminoid  ammonia  applied 
since  the  pipe  was  cleaned  and  relaid  in  October,  1892.  The  pipes 
were  again  relaid  July  8  and  sewage  applied  at  the  rate  of  40,000 
gallons  per  acre  daily  for  six  days  in  a  week.  The  drain  pipe  is 
gradually  becoming  clogged,  and  since  December  1  the  full  dose 
could  not  be  applied. 

The  nitrification  was  incomplete  in  August,  and  the  ventilation 
has  been  increased  by  aspiration  since  September  1.  The  quality 
of  the  effluent  has  improved  and  remains  very  satisfactory. 

From  the  experiments  upon  Filter  No.  7  and  observations  m^<s*l 
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the  sub-surface  filters  at  Lenox  and  Wellesley  we  may  draw  the 
following  conclusions :  — 

1.  From  a  chemical  and  biological  point  of  view  no  marked  diffi- 
culties attend  the  purification  of  sewage  applied  beneath  the  surface. 

2.  As  much  of  the  sludge  as  possible  should  be  removed  from 
the  original  sewage  by  screens  and  sedimentation  before  applying  it 
to  the  sub-surface. 

3.  The  sub-surface  pipes  should  be  provided  with  outlet  gates  at 
the  lower  end,  opposite  the  point  of  application,  so  that  they  may  be 
flushed  out  from  time  to  time  to  remove  the  accumulated  sludge. 

4.  In  most  cases,  to  avoid  clogging,  the  drain  pipe  should  be 
surrounded  with  stones  or  coarse  gravel,  and  in  order  to  prevent  the 
sand  from  filling  the  spaces  the  gravel  should  be  surrounded  with 
successive  layers  of  material  of  intermediate  and  gradually  decreasing 
size. 

Experiments  with  Sand  clogged  bt  Sewage. 

Filter  No.  11  A.— This  filter  was  filled  in  April,  1892,  with  5  feet 
of  muterial  which  had  been  scraped  from  the  surface  of  Filter  No.  6 
because  it  was  clogged.  Aided  by  a  current  of  air  it  began  to  do 
good  work  in  a  few  months  and  in  1893  it  filtered  sewage  at  the 
rate  of  60,000  gallons  per  acre  daily  for  six  days  in  a  week  with  an 
effluent  as  well  purified  as  that  from  some  filters  of  clean  material. 
The  purification  fell  off  in  the  summer,  owing  to  clogging  at  the 
•surface.  In  August  the  upper  3  inches  were  removed  and  the 
•quality  of  the  effluent  steadily  improved  and  remained  satisfactory 
throughout  the  year. 

This  experiment  offers  a  strong  confirmation  of  the  conclusion 
already  drawn  with  regard  to  the  injurious  effect  of  the  presence  of 
layers  of  unlike  material  in  a  filter.  (Compare  Annual  Report  for 
1892,  pages  403  and  409,  and  also  the  sections  in  the  present  Report 
on  the  construction  of  trenches  and  the  addition  of  new  material, 
pages  417  and  420.)  This  material,  just  before  its  removal,  and 
when  it  formed  a  portion  of  the  upper  layer  2  inches  in  depth  of 
Filter  No.  6,  remained  saturated  with  water  and  ventilation  was  pre- 
cluded because  the  cleaner  sand  beneath  it  was  unable  to  draw  the 
water  from  it.  When  placed  by  itself,  however,  it  drained,  allowed 
air  to  enter  the  pores  and  oxidation  processes  in  time  became  re-es- 
tablished. In  Filter  No.  11  A  the  upper  portion  eventually  contained 
so  much  stored  organic  matter  that  it  remained  saturated  and  the 
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comparatively  clean  but  actually  dirty  and  partly  clogged  sand 
beneath  it  could  not  withdraw  the  water  from  its  pores  to  allow  the 
entrance  of  air.  There  is  no  reason  to  believe,  moreover,  that  this 
portion  which  was  removed  would  not  in  time  make  an  efficient 
filter  if  placed  by  itself.  This  experiment  with  others  shows  that 
the  clogging  of  a  sewage  filter  does  not  mean  the  storage  in  the 
material  of  any  definite  amount  of  organic  matter,  but  that  it  arises 
from  differences  in  capillary  attraction  of  adjoining  layers.  While 
it  is  true  of  course  that  increased  storage  of  organic  matter  means  in- 
creased capillarity,  it  is  also  true  that  marked  differences  in  capillary 
attraction  occur  in  unlike  material  containing  very  little  or  no  organic 
matter. 

The  Effect  of  Polartte  in  a  Filter  ox  the  Removal  of 
Color  from  Sewage  containing  Dye  Stuff. 

Filter  No.  14.  —  This  filter  has  contained  since  Jan.  21,  1893,  a 
layer  of  polarite*  7  inches  deep,  the  top  of  which  was  6  inches 
below  the  surface.  From  February  13  to  March  22,  Patent  Bluef 
equivalent  to  0  33  part  per  100,000  was  put  into  the  sewage,  which 
was  applied  to  the  filter  at  the  rate  of  160,000  gallons  per  acre 
daily  for  six  days  in  a  week.  The  effluent  was  slightly  colored 
after  a  few  days,  and  the  color  became  quite  marked  at  the  end  of 
38  days.  The  filter  was  then  operated  as  usual  without  the  dye 
stuff  in  the  sewage  and  it  was  not  until  August  26  that  the  effluent 
became  free  from  the  color  which  had  been  stored  in  the  filter. 

During  this  time  Filter  No.  13,  of  the  same  construction  as  No.  14, 
without  polarite,  received  the  same  treatment  as  the  latter.  The 
effluent  of  each  was  uniformly  well  purified  with  high  nitrification. 

Beginning  on  August  26,  Scarlet  2R  (another  aniline  dye), 
equvalent  to  0.44  part  per  100,000,  was  added  to  the  dose  of  each 
filter.  The  applied  sewage  had  a  strong  red  color.  On  the  second 
day  the  effluent  of  No.  13  (without  polarite)  showed  a  pink  tint  and 

•  Analysis  of  polarite  by  Professor  Roscoe :  — 

Magnetic  oxide  of  iron, 53  85 

Alumina, 6  68 

Magnesia, 7.65 

Water,  with  a  trace  of  carbon, 5  41 

Silica 25.50 

Lime, 2.01 

100.00 
t  Trade  name  for  an  aniline  dye. 
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contained  about  20  per  cent,  of  the  color  in  the  applied  sewage  on 
the  twelfth  day  of  the  application.  The  first  appearance  of  color  in 
the  effluent  of  No.  14  was  on  the  twenty-second  day,  and  the  color 
had  not  become  marked  on  the  twenty-eighth  day,  when  the  appli- 
cation of  this  dye  was  stopped. 

On  September  24  Patent  Blue  was  added  to  the  dose  of  each  filter 
(0.33  part  per  100,000  —  the  same  as  applied  to  No.  14  during  the 
winter  months),  and  the  effluent  of  No.  13  was  strongly  colored  on 
the  first  day,  while  that  of  No.  14  was  tinted  only  very  slightly. 

The  Removal  of  Bacteria. 

The  number  of  bacteria  in  the  effluent  of  a  sewage  filter  depends 
upon  the  size  of  the  material  and  the  condition  of  the  filter.  With 
filters  of  very  fine  sand  such  as  Nos.  2  and  4  it  is  probable  that 
no  bacteria  pass  through  from  top  to  bottom.  When  the  nitrifica- 
tion is  very  incomplete  and  there  has  been  considerable  storage  of 
organic  matter  in  the  sand,  the  number  of  bacteria  in  the  effluent 
frequently  increases.  These  bacteria,  however,  belong  to  one  or 
more  hardy  species  which  are  able  to  multiply  within  the  filter. 
Thus,  in  the  case  of  Filter  No.  2  in  March,  1893,  the  bacteria  in 
the  effluent  were  comparatively  high  and  were  nearly  a  pure  culture 
of  a  liquefying,  fluorescent  bacillus. 

Filters  Nos.  6  and  9  A,  when  operated  under  the  most  favorable 
conditions,  appear  to  allow  no  bacteria  to  pass  through  from  top  to 
bottom.  When  operated  at  high  rates  of  filtration,  however,  a  very 
small  percentage  of  the  applied  bacteria,  as  a  rule,  passes  through 
the  filters. 

With  materials  as  coarse  as  those  in  Filters  Nos.  1,  5  A  and  15  B 
there  are  always  some  bacteria  which  pass  directly  through  the  filter. 
The  number  of  bacteria  decreases  as  the  distance  from  the  point  of 
application  to  the  underdrains  and  the  time  taken  to  travel  this 
distance  increases. 

With  regard  to  seasonal  effect,  it  is  to  be  stated  that  generally 
speaking  the  winter  months  are  the  time  of  least  efficiency,  because 
the  conditions  for  nitrification  and  other  processes  are  then  least 
favorable.  When  a  filter  is  in  good  condition  it  is  possible  to  obtain 
normal  bacterial  results  in  the  winter,  and  as  most  increases  in  the 
number  of  bacteria  in  the  effluent  come  from  disarrangements  of  the 
functions  of  the  filters,  periods  of  unusually  low  bacterial  removal 
may  be  found  at  all  times  of  the  year. 
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Work  of  the  Filters  for  1893. 

The  experimental  filters  used  during  1893  for  sewage  purification 
have  been  mainly  the  ones  which  have  been  fully  described  in  pre- 
vious Reports  of  the  Board.  In  the  following  table  are  given  the 
descriptions  of  the  materials  used.  This  is  followed  by  an  outline 
of  the  history  of  each  filter  and  the  monthly  averages  of  the 
analyses. 

Construction  of  Experimental  Sewage  Filters  studied  in  1893. 


Number 

op 
Filter. 


Dimensions  op  Filters. 


Depth 

of 
Sand. 

Inches. 


Mean 
Diam- 
eter. 

Inches, 


Area  in 
Fractions 

of 
an  Acre. 


1.  . 

2,  . 

3  A, 

4,  . 
5A, 

«.  . 
7,  . 

9  A, 
11  A, 
12A, 

13,  . 
13  A, 

14,  . 

15  B, 

16  B, 

17  A, 
19,  . 

°5 
-°»  • 

30,  . 

31,  . 

32,  . 


03 

200 

60 

200 

60 

200 

60 

200 

63 

200 

44 

200 

44 

200 

60 

200 

60 

20 

60 

20 

63 

20 

60 

20 

63 

20 

65 

20 

65 

20 

60 

20 

60 

20 

.   120 

20 

30 

IT 

30 

17 

30 

17 

sis 
si* 

sis 

5o%iff0" 
Io",5o"o" 

5o-,io"o" 
StfiJo'& 


.*. 


3T,?ffo" 
TTiJffo" 


Siee  or  Sand. 


Effective 
Size  In  Milli- 
meters, 
10  per  Cent 
Finer  than— 


Uni- 
formity 
Coeffi- 
cient. 


.48 
.08 

.48 
.08 

.04 

1.40 

.36 

.35 

.17 
.35 
.10 
.48 
.10 
.48 
6.10 
5.10 
.17 
.17 

.48 
.17 
.17 


2.4 
2.0 

2.4 
2.0 

2.7 
2.4 

7.8 
7.8 

2.0 
7.8 
2.0 
2.4 
2.0 
2.4 
2.0 
2.0 
2.0 
2.0 


2.4 
2.0 
2.0 


Manner 

of 
Filling. 


In  Operation 
since  — 


Bekarks. 


Wet. 

Wet. 

Dry.j 
iDry. 
Wet.] 

Wet. 

Dry. 

Wet. 

Wet. 

Dry. 
Dry. 
Dry. 
Wet. 
Dry. 
Wet. 
Dry. 
Dry. 
Wet. 
Wet. 
Wet. 

Dry. 
Dry. 
Dry. 


Jan.  10, 1888. 
Deo.  IB,  1887. 

Jan.  6, 1800. 

Deo.  10, 1887. 
Sept.  14, 1891. 
Jan.  12,1888. 
Jan.  14, 1888. 

Nov.  18, 1890. 
Mar.  30, 1802. 
July  25, 1892. 
Feb.  16,1888. 
Sept.  27, 1803. 
Feb.  16, 1888. 
July  25, 1802. 
July  25, 1802. 
Jan.  28, 1800. 
Jan.  28, 1800. 
Jan.  1, 1800. 

May  31,1800. 
May  31,1800. 
Dec.    5, 1801. 


Contains  two  trenches 
of  coarse  sand. 

Discontinued   Sept.  1, 
1803. 

Contains  two  trenches 
of  coarse  sand. 


Covered  with  16  inches 
of  loam  and  soil; 
sewage  applied  be* 
neath  the  surface. 


Filled  with  clogged  ma- 
terial from  No.  6. 


Discontinued  Sept.  27, 
1808. 


Contains  layer  of 

polarite. 
Constantly  aerated. 

Constantly  aerated. 

Contains    layers    of 
marble  dost. 


Filled  with  loam  and 
soil.  Contains  car. 
caas  of  dog. 
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Filter  No.  1. 

At  the  beginning  of  the  year  the  surface  of  this  filter,  unprotected 
from  the  weather,  was  considerably  clogged  by  organic  matters 
stored  in  the  sand,  and  during  the  extreme  cold  weather  of  January 
the  nitrification  was  very  slight,  while  the  ammonias  in  the  effluent  be- 
came exceptionally  high.  The  applied  sewage,  equivalent  to  120,000 
gallons  per  acre  daily  for  six  days  in  a  week,  at  times  disappeared 
very  slowly  and  in  a  few  instances  froze  to  the  sand.  In  this  case 
the  ice  was  removed  with  a  pick  and  shovel  in  order  to  keep  the 
filter  in  action.  In  February  the  quality  of  the  effluent  improved 
somewhat,  but  was  still  poor,  owing  to  imperfect  ventilation  and 
probably  to  the  passage  of  the  sewage  through  portions  of  the  filter 
where  there  was  the  least  frost.  From  March  8  until  the  middle  of 
April,  ventilation  was  increased  by  drawing  air  through  the  sand  by 
means  of  an  aspirator  attached  to  the  outlet  pipe,  the  end  of  which 
was  trapped.  The  quality  of  the  effluent  improved  until  about  the 
first  of  May,  when  the  spring  rains  caused  the  surface  to  be  partially 
covered  for  several  days,  but  then  began  to  deteriorate,  and  on 
May  5,  4  inches  of  discolored  and  partially  clogged  sand  were  re- 
moved and  9  inches  of  fresh  material  were  added  to  bring  the  filter 
up  to  its  original  depth  of  H3  inches.  Nitrification  soon  became  high 
and  remained  so  during  the  summer  in  the  absence  as  well  as  in  the 
presence  of  aspiration.  The  ammonias  in  the  effluent  became  low  and 
it  is  to  be  stated  that  in  July  and  August  the  albuminoid  ammonia 
was  caused  in  part  by  the  presence  of  small  white  worms  which 
appeared  to  live  in  the  underdrains.  During  the  warm  weather  there 
was  a  removal,  by  nitrification,  of  considerable  organic  matter  which 
had  been  stored  in  the  sand.  In  October  the  ammonias  began  to 
increase  in  the  effluent,  owing  to  the  interruption  in  the  ventilation 
caused  by  clogging,  at  the  junction  of  layers  of  old  and  new  sand. 
On  December  2,  the  surface  was  spaded  over,  12  inches  deep,  in  two 
layers  of  6  inches  each.  The  quality  of  the  effluent  improved  up  to 
the  middle  of  the  month,  when  the  very  cold  weather  interfered  with 
the  purification,  but  not  with  the  quantitative  efficiency.  The  poor- 
est result  of  the  month  was  on  December  19,  when  the  albuminoid 
ammonia  in  the  effluent  was  .2260  pail.  The  cause  of  this  doubt- 
less was  that  the  sewage  passed  through  holes  in  the  frost  made  at 
the  points  where  the  warm  sewage  first  reached  the  sand. 
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Effluent  from  Filler  No.  1. 

[Put*  per  100/100.) 


Sowaga  applied,  000  gallooa,  5  ilmea  a  wai 

it.  from  January  1  10  July  8 ; 

160  gallon.,  12  Um«  a  week, 

from  July  10  to  Annum  31;  300  galloni,  13  i 

.  10;  BOO  gallona.  12  time,  a 

«,  0  tlmee  a  woek,  December 

110  13;  300  gallona,  I  llmsa 

a  week.  U  December  31.    E.  perl  mo  eta  inter. 

uple.1  by  high  mar,  May  0 

It.  3.     May  B,  4  Inchee  dirty 

Air  drawn  through  eand  IS  mlnnlaa daily,  froai  March  110  IT;  11  hoar* daily,  March  IBM  April  it;  0 
houre  dally,  May  11  io  July  10;  1  bow*  daily,  July  31  to  September  1.  Surface  nkad  about  1  inch  deep 
each  week.  Daring  lb*  wlnur  montha  anow  vraa  removed  IT  Umaa  (total  depth,  fH  lnohea);  lea 
removed  11  tlmea  (total  depth,  T.6  lnchaa). 

FlLTEB  No.    2. 

This  filter  of  fine  sand  was  badly  clogged  at  the  surface  at  the 
beginning  of  1893,  and  although  protected  by  a  canvas  cover  and 
continuing  to  give  an  effluent  of  excellent  quality  it  could  filter  but 
a  very  email  amount  of  sewage.  During  January  and  February  the 
sewage  repeatedly  froze  to  the  sand  and  the  ice  was  removed  with  a 
pick.  The  ammonias  in  the  effluent  were  very  low,  but  nitrification 
gradually  decreased  and'there  was  a  considerable  storage  of  organic 
matter  in  the  sand.  On  March  4  two  circular  trenches  two  feet  deep 
and  one  foot  wide,  one  and  a  half  and  five  feet,  respectively,  from 
the  edge  of  the  filter,  were  constructed.  These  trenches  were  filled 
with  No.  9  sand,  as  is  described  on  page  417,  and  covered  with 
boards  until  April  1.     The  applied  sewage  equivalent  to  4Q,QQ<i  -jj>S.- 
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Ions  per  acre  daily  for  six  days  in  a  week  disappeared  promptly. 
The  ammonias  and  the  nitrates  steadily  increased  until  May,  after 
which  the  ammoniaa  steadily  decreased  and  the  nitrates  remained 
high  during  the  entire  summer,  indicating  a  removal  of  much  organic 
matter  from  the  sand.  The  grass  and  weeds  which  grew  luxuriantly 
around  the  edges  of  the  trenches  were  cut  on  July  20  and  August 
31.  The  dose  was  increased  September  1  to  60,000  gallons  per 
acre,  and  the  filter  continued  to  do  excellent  work  until  the  latter 
part  of  October,  when  the  trenches  began  to  clog  and  the  increasing 
free  ammonia  iu  the  effluent  indicated  that  the  ventilation  was  im- 
perfect. The  upper  two  inches  of  discolored  and  partially  clogged 
material  were  removed  from  each  trench  on  October  30  and  replaced 
with  new  sand.  This  did  not  restore  the  efficiency  of  the  filter, 
owing  to  a  clogging  at  the  bottom  of  the  trenches,  which  was 
remedied  on  December  2  by  putting  in  several  layers  of  mixed 
coarse  and  fine  sand,  as  is  described  on  page  417.  On  December  4 
the  trenches  were  covered  with  hoards.  This  treatment  restored  the 
quantitative  efficiency  of  the  filter,  and  the  quality  of  the  effluent 
steadily  improved. 

Effluent  from  Filler  No.  2. 

[Part*  par  INyOM.] 


tanuuxMrnk 

r  time.  In  February;  •«  gallon*  3  tlmea  a  week.  March  1  In 

lo  Anguat  31;  soo  gallons  0  line*  a  seek.  September  I  ID 

December  11.    Surface  protected  by  canya 

a  cover  unill  March  4.    Tranctaea  protected  by  board*  from 

March  4  to  April  1,  and  from  December  4 

to  31.    Experiment*  Interrupted  by  high  water  May  Mo  8. 

Two  trachea  dug  2  feet  deep  and  filled  to 

wlrhln  3  lucliex  from  lop  with  No.  8  land  March  4.    Oolober 

SO,  5  fnohea  of  dlrly  Hand  remofed  from  tr 

■  and  and  2(  Inchee  of  flue  und  removed 

from  trenehe*  and  replaced  by  mlied  coara*  and  flu*  for  ft 

lnohe*.  and  then  Ailed  with  coarae.   Surfae 

a  of  trenchea  raked  1  Inch  deep  each  week.    Or***  and  weed* 
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Filter  No.  3  A. 
In  January  the  prescribed  doee,  equivalent  to  60,000  gallons  per 
acre  daily  for  six  days  in  a  week,  was  taken  with  some  difficulty, 
owing  to  the  accumulation  of  organic  matter  at  and  near  the  surface. 
The  quality  of  the  effluent  was  poor  and  became  worse,  although 
the  quantitative  efficiency  was  satisfactory  in  February.  In  March 
the  ammonias  in  the  effluent  began  to  steadily  decrease,  but  the 
free  ammonia  was  still  very  high.  Nitrification  slowly  improved 
and  became  very  high  in  June  and  July,  when  there  was  consider- 
able removal  of  organic  matter  stored  in  the  sand.  The  effluent 
was  well  purified.  Early  in  August  the  surface  sand  became  clogged 
so  that  the  sewage  remained  on  the  surface  for  twenty-four  hours. 
On  August  14  the  surface  was  spaded  over,  corresponding  to 
ploughing,  to  a  depth  of  six  inches,  after  which  the  applied  sewage 
disappeared  promptly.  Ventilation  was  restored  and  the  quality  of 
the  effluent,  which  had  begun  to  deteriorate,  became  good  again, 
with  the  nitrates  very  high  at  the  end  of  the  month,  when  the  ex- 
periment was  discontinued. 

Effluent  from  Filler  No.  3  A. 
[Parti  par  100,000.] 


led,  300  galtone  t  tlmea  a  week.  EipaiimenU  interrupted  b j  high  water  May  6  to  8, 
[9.  Surface  raked  about  I  inch  deep  each  waak.  Air  drawn  through  aand  It  minutaa 
a  IT ;  12  hoore  dally  March  IS  to  April  IS.  Augnet  14,  mrface  epaded  0  lnchaa  deap. 
moved  January  6,  6,  T,  10,  12,  11, 10,  IT,  30, 14,  25,  SO,  SI;  February  3,  3,  4,  t,  IS,  It,  II, 
Marsh  1  and  4. 
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Filter  No.  4. 

This  filter  of  fine  river  silt  with  a  large  trench  of  coarse  sand  and 
covered  with  canvas  was  able  to  filter  sewage  at  the  average  rate  of 
40,000  gallons  per  acre  daily  for  six  days  in  a  week  until  the  early 
part  of  March.  The  ammonias  in  the  effluent  were  very  low,  but  the 
nitrates  decreased  steadily  and  there  was  a  large  storage  of  organic 
matter  in  the  sand.  To  remove  the  clogging  the  upper  2  inches  of 
coarse  sand  in  the  trench  were  removed  on  March  6.  This  did  not 
remedy  matters  and  on  March  11  the  canvas  cover  was  removed, 
the  coarse  sand  dug  out  of  the  trench  and  about  A  inch  in  depth  of 
clogged  fine  sand  at  the  junction  of  the  coarse  sand  of  the  trench 
with  the  fine  sand  of  the  filter  scraped  off;  and  the  coarse  sand  was 
replaced  after  raking  the  fine  sand  to  a  depth  of  about  1  inch.  This 
treatment  did  away  with  clogging  until  the  last  of  May.  During 
this  time  the  nitrates  and  ammonias  in  the  effluent  increased.  The 
trench  failed  to  take  the  sewage  promptly  toward  the  last  of  May  and 
on  June  2  a  new  trench  was  constructed.  The  average  rate  was 
reduced  June  2  to  30,000  gallons  per  acre  daily  and  the  quality  of 
the  effluent  steadily  improved  until  the  last  of  September,  when  the 
purification  was  excellent.  The  grass  and  weeds  were  cut  on 
August  31.  Toward  the  latter  part  of  October  the  new  trench 
became  clogged  and  it  was  allowed  to  rest  and  the  old  one  used 
during  the  rest  of  the  year.  The  nitrification  decreased  in  December, 
although  the  effluent  was  very  free  from  organic  matter.  While  the 
effluent  contained  but  a  comparatively  small  amount  of  albuminoid 
ammonia  throughout  the  year,  it  is  to  be  stated  that  there  was  a  con- 
tinual storage  of  organic  matter  in  the  sand. 
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Effluent  from  Filter  No.  4. 

[PliU  per  100,000.] 


];  MO  lalloiu,  1  UmM  >  wMk,  Jane  1  to  Dacambar  £3 ;  160  gallon!,  8  llnwiwMk,  D«wmtwr33  to  31. 
Surdce  protected  by  iiaiu  aOCarUII  March  II;  tank  covared  with  baud!,  Daecmbar  1.  Kiptrimenll 
Interrupted  by  high  vitir,  May  &  to  B  and  Ms;  IB  and  19.  Sortie*  of  transit  rakad  about  1  iocb  deep 
Meta  week.  May  fl,3  to  4  lnchnol  Inrf  raoMTfd  from  aur/ace  outaldo  of  trench.  Joly  31,antlreenrf»e« 
raked  orer.    March  B.  2  Incbeaof  dirty  eand  remon-d  IroiDtraDch.    March  11, coanw  aaiid  taken  onl  and 

foot  wide  and  2  feel  deep,  and  DltadwltigtUH  wad.    Saw  trench  need  Jane  3  to  OotobarSO.    Aufo.t 

Filtbb  No.  5  A. 
Thia  filter  of  fine  gravel  stones  without  sand  received  sewage  in 
January  and  February  in  single  doses  equivalent  to  120,000  gallons 
per  acre  daily  for  six  days  in  a  week.  The  surface  was  unprotected 
from  the  weather  and  with  a  few  exceptions  the  sewage  disappeared 
promptly.  The  nitrification  was  incomplete  and  the  ammonias  in 
the  effluent  were  very  high.  This  was  probably  owing  to  a  certain 
extent  to  t  lie  passage  of  the  sewage  through  the  portion  of  the  fitter 
near  the  point  of  application  and  where  there  was  the  least  frost. 
In  March  the  quality  of  the  effluent  improved,  owing  in  part  to  the 
fact  that  the  sewage  was  applied  in  three  doses  daily,  and  partly  to 
increased  ventilation  by  aspiration.  In  April,  without  aspiration,  the 
eiilueiit  continued  to  improve  in  quality,  and  in  May  there  was  a 
removal  of  organic  matter  from  the  sand.     The  filter  became  <&>%%&. 
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in  the  early  part  of  June,  at  a  point  juat  below  that  reached  in  the 
weekly  raking,  to  a  depth  of  1  inch.  This  was  remedied  by  raking 
to  a  depth  of  2  inches.  The  purification  was  very  good  for  this 
material  in  July  and  a  part  of  August;  but  sub-surface  clogging 
appeared  again  in  September,  and  the  surface  was  spaded  over,  6 
inches  deep,  corresponding  to  ploughing,  on  September  15.  On 
October  30  the  rate  was  increased  to  160,000  gallons  per  acre  daily, 
applied  in  eight  doses  daily  for  six  days  in  a  week,  and  there  was  no 
marked  deterioration  in  the  quality  of  the  effluent  until  the  last  of 
November,  when  the  filter  became  clogged  again  beneath  the  surface. 
Two  inches  of  discolored  and  partially  clogged  gravel  were  removed 
on  December  2,  and  the  surface  spaded  over,  6  inches  deep.  In 
December  the  applied  sewage,  equivalent  to  120,000  gallons  per 
acre,  was  taken  readily,  but  the  nitrification  was  incomplete  and  the 
ammonias  in  the  effluent  were  very  high  during  the  maximum  flow. 

Effluent  from  FUler  No.  5  A. 

[Farti  per  100,000.] 
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Filter  No.  6. 

This  filter,  44  inches  in  depth  of  mixed  coarse  and  6ne  sand  and 
unprotected  from  the  weather,  received  sewage  at  the  beginning  of 
1893  at  the  rate  of  70,000  gallons  per  acre  daily  for  six  days  in  a 
week.  Owing  to  a  storage  of  organic  matter  in  the  surface  sand  the 
sewage  on  very  cold  days  froze  to  the  sand,  and  it  was  necessary  to 
omit  some  doses  in  January  and  to  remove  the  ice  in  places  with  a 
pick  and  shovel  in  order  that  the  filter  might  be  kept  in  action. 
Nitrification  was  very  incomplete  in  January  and  the  ammonias  in 
the  effluent  were  high.  The  quantitative  efficiency  was  satisfactory 
in  February,  but  the  effluent  deteriorated  in  quality,  owing,  in  part, 
to  the  fact  that  the  oxidation  and  nitrification  functions  were  thrown 
out  of  adjustment  by  the  unfavorable  conditions  of  the  preceding 
weeks,  but  chiefly  to  the  passage  of  the  sewage  through  holes  in  the 
frost.  In  March  and  April  the  filter  steadily  improved,  while  from 
May  to  August,  inclusive,  the  effluent  was  very  well  purified  and 
moreover  there  was  a  removal  of  a  large  amount  of  organic  matter 
which  had  been  stored  in  the  sand.  On  July  11  the  quantity  of 
sewage  applied  to  the  filter  was  increased  to  90,000  gallons  per 
acre  daily.  Surface  clogging  appeared  early  in  September,  and  on 
September  25  the  upper  2  inches  of  discolored  and  partially  clogged 
sand  were  removed  and  replaced  with  fresh  material.  The  filter  did 
good  work  again  until  the  last  of  November,  when  a  clogging  oc- 
curred at  the  junction  of  the  old  and  new  sand,  as  is  described  on 
pages  413  and  414.  This  was  remedied  on  December  2  by  spading 
the  surface  to  a  depth  of  6  inches.  A  canvas  cover  was  put  on 
December  4.  The  purification  was  quite  incomplete  during  the  first 
half  of  December, but  there  was  a  gradual  improvement  during  the 
last  half  of  the  month. 
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from  Filter  No.  6. 
(Puta  par  100,000.] 


Bewage  t.i>pll«l,  SBO  gallone,  s  "met  a  week,  nntil  July  10;  160  gallon.,  8  timet  *  week,  July  11 10 
Doeambar  31 ;  a  so  gallone,  6  timet  i  week,  December  31  to  31.  Eiperlmentt  Interrupted  by  high  water 
May  9  lo  B  and  Uay  IB  to  SO.  Surftce  raked  aboal  1  lnsh  deep  ateb  week.  September  Si,  about  3 
iochet  or  flirty  Bond  unpad  off  and  replaced  by  new  material.  Deoember  i,  turface  tptded  B  lucbet 
deep.  Canvu  cover  put  on  December  4.  Pnow  removed  during  the  winter  months  II  timet  (63  IncbM 
total  depth;;  let  removed  10  Usui  {14. B  luchai  total  depth), 

Filter  No.  7. 
Sub-aurface  Application  of  Sewage. 
This  filter  contains  44  inches  of  mixed  coarse  and  fine  sand  like 
that  in  No.  6,  ahove  which  are  10  inches  of  loam  and  C  inches  of 
soil.  The  sewage  is  applied  in  a  circular  pipe  6  inches  in  diameter 
and  18  inches  Iwlow  the  surface,  with  open  joints  every  2  feet. 
At  the  beginning  of  the  year  the  inlet  to  this  pipe  was  trapped. 
After  cleaning  and  relaying  this  pipe  in  October,  1892,  the  sewage 
was  applied  without  difficulty  during  the  winter  months  at  the  rate 
of  40,000  gallons  per  acre  dally  for  six  days  in  a  week.  The  nitri- 
fication was  very  incomplete  and  the  effluent  contained  very  high 
free  ammonia.  It  was  thought  that  the  ventilation  was  interfered 
with  by  the  rain  and  melted  snow  which  accumulated  upon  and  at 
times  froze  to  the  surface.  On  March  15  the  quantity  of  sewage 
was  reduced  to  20,000  gallons,  but  nitrification  disappeared  entirely 
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and  a  reducing  action  set  in,  showing  that  the  filter  was  overdosed. 
The  application  of  sewage  was  stopped  on  April  17  and  the  sub- 
surface pipe  dug  up  April  26.  In  places  the  accumulated  sludge 
more  than  half  filled  the  pipe.  Analyses  showed  that  this  sludge 
was  equivalent  to  75  per  cent,  of  the  insoluble  albuminoid  ammonia 
applied  since  the  pipe  was  last  cleaned.  The  pipe  was  relaid  with- 
out the  trap  on  July  8  and  sewage  applied  at  the  rate  of  40,000 
gallons  per  acre  daily  for  six  days  in  a  week.  The  pipe  gradually 
clogged  and  the  full  dose  could  not  be  applied  after  December  1. 
The  nitrification  was  very  high  in  July,  indicating  a  removal  of 
stored  organic  matter,  but  became  incomplete  in  August.  Venti- 
lation was  increased  by  aspiration  after  September  I  and  the  quality 
of  the  effluent  improved  and  remained  very  satisfactory  throughout 
the  year. 

For  a  summary  of  the  information  obtained  from  the  experiments 
upon  the  sub-surface  application  of  sewage  see  page  425. 

Effluent  from  Filler  No.  7. 

(Put!  ptr  100,000.) 


Se»-B|ie  applied,  200  galJona,  a  tlmaa  *  WMk  til]  H arch  10;  100  gallona,  0  time*  ■  week,  March  11 
to  April  15.  Stra.i  mpplied  April  It  id  July  8;  M0  gallon!,  8  Udh  a  week,  Jul;  10  to  No..  20,  afler 
•,'hlch  the  quantity  which  could  be  applied  deereaaed  to  Itaa  than  100  galloo*  ■  week.  April  IB,  drain 
pipe  removed  and.  cleaned,  replaced  without  trap  al  inlet,  July  8.  Air  drawn  throo|h  Alter  twelve  boon 
each  day,  September  1  to  Oolobar  20.  Air  drawn  eonauntlj  through  Uie  Blur  from  October  28  to 
November  IT,  and  from  December  2  to  Daoember  U. 
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Filtee  No.  9  A. 
This  filter  was  protected  from  tbe  weather  by  a  canvas  cover  and 
took  sewage  without  difficulty  at  the  rate  of  120,000  gallons  per 
acre  daily  for  six  days  in  a  week.  The  surface  was  Dot  raked,  bat 
scraped  when  necessary,  to  relieve  clogging.  The  quality  of  the 
effluent  deteriorated  duriug  January,  but  began  to  steadily  improve 
in  the  latter  part  of  February.  On  March  6  the  canvaa  was  removed 
and  the  surface  scraped.  Daring  April,  May  and  June  tbe  effluent 
was  very  well  purified  and  there  was  a  removal  of  organic  matter 
stored  in  the  sand.  The  purification  remained  satisfactory  until 
November,  when  sub-surface  clogging  appeared.  The  results  ob- 
tained upon  this  filter  which  are  presented  below  are  discussed  on 
page  414. 

Effluent  from  Filler  No.  9  A. 
[Parte  pai  100.000.) 


BewageappLled.OWgallone.flUraeeaweei  until  December  22, 
1  tlmoi  a  week.  Surface  protected  by  cmnrii  cover  1)11  Kerch  7 
Kerch  I,  March  It,  April  U,  Joly  31,  (September  1,  September  1 
11,  22.  Filler  restored  lo  original  depth  wlili  clean  und  Uarch  1 
Sotember  10  to  M  with  )  Inch  ol  new  und  replaced  December '. 
inter  Mov  IS  to  20.    Weed,  cut  July  13,  mod  pulled  up  July  31. 
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Filter  No.   11  A. 

This  filter  contains  5  feet  of  mixed  coarse  and  fine  sand  which  had 
become  clogged  and  had  been  removed  from  the  surface  of  Filter  No. 
6.  Sewage  was  applied  at  the  rate  of  60,000  gallons  per  acre  daily  for 
six  days  in  a  week.  The  effluent  was  well  purified  during  the  winter 
but  began  to  deteriorate  the  later  part  of  March,  and  nitrification 
decreased  steadily.  This  was  caused  by  incomplete  ventilation  as 
the  scum  at  the  surface  was  too  thick  to  dry  and  crack  between 
doses.  Aspiration  waa  tried  in  July  and  gave  some  relief,  but  to 
insure  permanent  improvement  the  upper  3  inches  were  removed  on 
August  16,  and  aspiration  tried  until  September  22.  The  effluent 
was  very  well  purified  in  September  and  showed  a  removal  of  organic 
matter  stored  in  the  sand.  The  quality  of  the  effluent  remained 
satisfactory  through  the  rest  of  the  year  in  the  absence  of  aspiration. 

For  a  discussion  of  this  experiment  see  page  426. 

Effluent  from  Filler  No.  11  A. 

[Parti  par  100,000.] 


Salvage  applied,  3  gallon!,  0  Um«  ■  week.  Surface  raked  a  Inahei  deep  uch  week.  Air  drawn 
trough  und  from  July  10  la  20;  olfhlwa  boun  n  d*7  Jul?  31  to  Auguit  SI,  ud  eonUpuoinly  Bep- 
mberlloM.    Biperlmenl.  Interrupted  by  high  walor  H«rnh  10,  May  II  \o  8  and  18  to  20.    Anguat  14, 

lncliei  removed  from  iurfaca. 
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Filters  Nos.  12  A,  15 B  and  16 B. 

Filter  No.  12  A  contains  60  inches  in  depth  of  fine  sand,  and  has 
received  the  effluents  of  Filters  No.  15  B  and  16  B  which  are  filled 
with  coarse  gravel.  An  aspirator  was  attached  to  No.  15  B  on 
March  18,  and  to  No.  16  B  on  January  16.  The  rate  of  filtration 
has  been  very  high  for  each  of  these  filters  —  equivalent  to  480,000 
gallons  per  r.cre  daily  for  six  days  in  a  week,  for  the  last  seven 
months.  The  surfaces  of  these  gravel  filters  were  not  disturbed 
until  July,  1893,  about  a  year  after  they  were  first  put  in  operation. 
They  were  raked  3  inches  deep  once  a  week  after  September  1,  and 
daily  after  October  26.  The  quality  of  the  effluent  was  found  by 
series  of  analyses  to  be  closely  dependent  upon  the  current  of  air 
drawn  through  the  gravel.  Toward  the  end  of  the  year  it  was 
found  that  the  ventilation  was  less  complete  than  usual,  owing  to  a 
leak  around  the  outlet  pipe.  This  doubtless  explains,  to  a  great 
extent,  the  deterioration  in  the  quality  of  the  effluent  and  also  the 
clogging  of  the  gravel,  which  necessitated  raking  on  several  occasions 
to  a  depth  of  6  inches. 

The  effluents  of  these  gravel  filters  were  uniformly  well  purified  by 
No.  12  A,  when  operated  at  a  rate  of  960,000  gallons  per  acre  daily 
for  six  days  in  a  week.  Since  March  24  the  surface  has  been 
scraped  when  necessary  to  relieve  clogging,  and  has  not  been  raked. 
It  was  scraped  on  an  average  once  in  five  days,  and  the  average 
depth  removed  was  0.24  inch.  The  removed  sand  was  washed  and 
replaced.  To  do  away  with  sub-surface  clogging  the  filter  was 
raked  to  a  depth  of  6  inches  on  September  27,  December  12  and  27. 
The  deterioration  in  the  quality  of  the  effluents  of  Filters  No.  15  B 
and  16  B  in  December,  began  to  make  itself  apparent  toward  the 
end  of  the  year,  in  the  operation  of  this  filter. 

These  results  are  discussed  on  page  422. 
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from  Filter  No.  12  A. 

(Part*  per  100,000.] 


Effluent  of  Flint*  Sot.  It  ud  10  applied  ldiyn««t,u  follow.;  M  gallon,  till  February  12; 
30  gallon..  February  IS  to  Vfareli  IT ;  SB  gallon*,  March  1!  lo  May  II;  «  gallon*,  May  II  to  Jone  10;  BO 
gallon*,  June  12  to  2D;  41  gulloDj,  June  20  to  December  31.  EiporlmcDt*  Interrupted  by  high  water 
March  IS  10  17,  Hi;  4  to  8,  May  IB  to  II.  Surface  raked  to  ■  depth  of  about  1  Inehea  ooca  ■  w«I 
until  March  24.  Surface  (craped  and  sand  of  pravlou.  .craping  (after  washing)  replaced  on  following 
dale. :  March  24,  April  11,  May  11,  20,  Jooe  IS,  It,  10,  20,  II,  24,  29,  July  4,  t,  11,14,  IS,  10, 20,  Augu.t  8, 
18,  30,  September  S,  0, 12, 10, 10,  20, 28,  21, 21,  October  IS,  November  IB,  December  2, 1, 2T.  Spaded  B 
Inehea  deep  September  27,  December  10  and  27. 


Effluent  from  Filter  No.  IS  B. 

[  Parte  per  100.000.] 
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Effluent  from  Filler  No.  16  B. 

(Parte  par  100,000.] 


Sewage  applied.  3  gallom  21  Una  ■  week,  [111  Pebrairy  11;  B  gallom  30  Uhh  b  weak.  February  11 
to  May  Mi  *g»lloDa3ailmeiaweek  tromMaylSloJoriell;  ggelloDiSo  time,  a  week.  Jan.  13  to  2S; 
4gaJloni39ilm«*week,  June  M  to  October  W;  2  i*llone  TJ  Umn  a  week  from  October  23  to  Decern. 
ber  31.  EiperlmeDte  Interrupted  by  high  water  March  IS  to  IT ;  liny  J  to  0;  May  16  to  II ;  Air  drawn 
through  gravel  January  10  lo  December  31.  Surface  raked  3  lncbei  deep  4  llmea  from  Joly  18  to  Sep- 
tember 1  andeacb  week  from  September  1  to  October  IB;  3  Incbsi  deep  dally,  October  1 
31,  with  the  following  eicepiiom ;  9  lncbei  deep,  December  1!,  and  6  lnchea  deep,  December  30. 


Filter  No.  13. 
This  filter  was  used  during  the  winter  months  for  confirmation  of 
experiments  to  determine  the  effect  of  nitrification  upon  the  removal 
of  bacteria  by  filtration.  Beginning  March  22  sewage  was  applied 
at  the  rate  of  160,000  gallons  per  acre  daily  for  six  days  in  a  week. 
This  was  done  with  a  view  to  obtaining,  in  conjunction  with  Filter 
No.  14,  some  comparable  results  upon  the  removal  of  dyestuffs  from 
sewage  by  filters  of  coarse  sand  with  and  without  the  presence  of 
polurite.     These  results  are  summarized  on  page  427. 
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Effluent  from  JFititr  No.  13. 

(Part.  p«t  1 00,000.] 


Three  gallooa  effluent  from  Filler  Nn.  IB  A  applied,  «  time*  ■  week,  Oil  March  11.  KlgM  gillont 
•  en-age  applied,  S  Umea  ■  weak,  March  *l  to  September  37.  Fortyfoor  hundredth*  parti  per  100,000  ol 
gefirlal  SR  aji  plied  In  aewage,  August  33  to  September  T.  Sand  waahad  Septembers,  by  applying  all; 
B-aler,  lo  remote  traces  of  Scarlet  2R.  and  0.33  pmru  par  100,000  ol  Patent  Bine  applied  In  aewage,  Sep- 
tember 33-27.    Experiment  dUoonllnned  September  31. 

Filter  No.  13  A. 
This  filter  contains  60  inches  in  depth  of  sand  of  an  effective  size  of 
0.19  millimeter,  and  was  constructed  on  September  27, 1893.  It  has 
received  the  supernatant  liquid  from  sewage  which  had  been  allowed 
to  settle  four  hours.  The  surface,  which  has  been  scraped  when 
necessary  to  relieve  clogging  and  not  raked,  was  scraped  on  an 
average  once  in  six  days,  and  the  average  depth  removed  was  0.37 
inch.  Owing  to  aub-surface  clogging  it  was  necessary  to  spade  over 
the  surface  6  inches  deep  three  times  in  December.  It  appeared 
that  the  rate  of  filtration,  480,000  gallons  per  acre  daily  for  six  days 
in  a  week,  overtaxed  the  capacity  of  the  filter,  which  was  allowed 
to  rest  for  two  weeks  beginning  December  23.  The  results  are 
discussed  on  page  423. 

Effluent  from  Filter  No.  13  A. 

[Parte  par  100,000.] 


,8  fallonelS  times  a  week.  September  37  lo  October  33;  3  gallons 
iber  33,  after  whli-b  none  naa  applied.  Surface  acraped  and  send 
0  replaced  on  following  dates:  October  9,  Jl,tl,So.wH«»i  VV 
Spaded  oter  8  lo  1  Inches  deep,  DhmbW  VVkAV 
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Filter  No.  14. 

This  filter  is  63  inches  deep  and  contains  sand  of  an  effective  size 
of  0.48  millimeter.  On  January  21,  1893,  the  upper  6  inches  of  par- 
tially clogged  and  discolored  sand  were  removed  ;  the  next  7  inches 
were  taken  out  and,  after  putting  in  7  inches  in  depth  of  polarite, 
were  used  to  fill  the  filter  to  its  original  depth.  The  chief  experi- 
ment was  upon  the  removal  of  color  from  sewage  containing  dye- 
stuffs,  which  is  summarized  on  page  427. 

The  rate  of  filtration  was  160,000  gallons  per  acre  daily  for  six  days 
in  a  week  until  October  23  when  the  rate  was  doubled.  The  quality 
of  the  effluent  was  uniformly  good  until  the  middle  of  November, 
when  clogging  occurred  at  the  surface  of  the  polarite.  The  filter 
was  allowed  to  rest  from  November  16  to  December  4,  when  sewage 
was  again  applied  at  the  rate  of  160,000  gallons.  The  effluent  was 
well  purified,  but  clogging  began  to  gradually  reappear. 


Effluent  from  Filter  No.  14. 

[[■mi  par  100,000.) 


Sewage  applied,  8  gallon!  0  lime*  ■  week,  till  October  22 ;  9  gallon!  12  time!  ■  week,  October  IS  to 
November  18;  8  gallon*  0  times  a  week,  December  1  to  December  SI.  Color  applied  Ineewage  February 
13  to  March  22  and  Auguit  M  to  September  28.  Experiment!  Interrupted  by  lllgb  water  March  U  to  11; 
Mar  4  lo  0:  Hay  18  to  21.    Surface  raked  3  toehea  deep  eaeh  week. 
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Filteb  No.  17  A. 
This  filter  of  medium  fine  sand,  with  four  layers  of  marble  dust, 
received  during  the  entire  year  sewage  to  which  sulphuric  acid  equal 
to  49  parts  in  100,000  of  actual  H^O,  was  added.  The  rate  of  fil- 
tration was  60,000  gallons  per  acre  daily  for  six  days  in  a  week. 
The  free  ammonia  in  the  effluent  began  to  increase  in  November, 
1892,  and  was  unusually  high  during  the  greater  part  of  1893.  This 
increase,  as  well  as  that  of  the  albuminoid  ammonia,  was  owing  to  an 
interruption  in  ventilation  caused  by  clogging.  To  remedy  this  the 
upper  layer  of  marble  dust,  about  3  inches  below  the  surface,  in  July, 
and  later  the  sand  above  this  layer,  were  replaced  with  new  materials. 
It  was  found  that  the  original  layer  of  marble  dust  had  occasionally 
been  disturbed  in  the  weekly  raking  and  this  treatment  gave  only 
temporary  relief.  Clogging  again  occurred  in  September,  nitrifica- 
tion was  very  incomplete,  and  there  was  present  a  reducing  action, 
as  the  sand  down  to  the  second  layer  of  marble  dust  (12  inches)  was 
very  black  with  iron  sulphide.  A  thin  layer  was  scraped  from  the 
surface  of  the  second  portion  of  marble  dust  in  October  and  the  old 
sand  replaced.  The  quality  of  the  effluent  steadily  improved  and  in 
December  was  excellent. 

Effluent  from  Filler  Jfo.  17  A. 

[P*rU  per  ICO.000.] 


® 


11  toll.  July  12.  upper  layer  of  marble  dull nplaetd  by  a  fr»»h  layer.  Aajroat  lo, upper  S In 
d  replaced  by  frnih  land.  September  2S,  nppor  layer  uf  mar  bin  dual  disturbed.  October  11,  mi 
ind  upper  3  lricbe,  of  tand  remoTod.  October  2i,  9  Inofaee  of  nod  removed  and  evCOBd  lay. 
le  dml  •crepeil,  moid  replaced  with  S  Indue  o[  clean  mate  rial. 
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Filter  No.  19. 
This  filter  of  medium  fine  sand  has  received  since  January  SO, 
1893,  the  supernatant  liquid  from  sewage  which  was  allowed  to 
settle  for  four  hours  after  treatment  with  alum  at  the  rate  of  1,000 
pounds  per  million  gallons.  The  rate  of  filtration  was  120,000 
gallons  per  acre  daily  for  six  days  in  a  week  up  to  June  12,  after 
which  the  rate  was  increased  from  time  to  time  until  it  became 
640,000  gallons  on  and  after  October  23.  From  April  to  August, 
inclusive,  the  quality  of  the  effluent  was  excellent,  but  the  ammonias 
began  to  increase  in  September  and  continued  to  do  so  during  the 
rest  of  the  year.  Since  October  23  the  surface  has  been  scraped  to 
relieve  clogging.  It  has  been  scraped  on  an  average  once  in  ten 
days,  and  the  average  depth  removed  was  0.47  inch.  On  December 
2  and  12  the  surface  was  spaded  over,  6  inches  deep,  to  relieve 
clogging.  This  clogging  and  tho  deterioration  in  the  quality  of  the 
effluent  indicated  that  this  high  rate  of  filtration  when  long  continued 
overtaxed  the  capacity  of  the  filter  which  was  allowed  to  rest  for 
two  weeks  beginning  December  23.  See  page  422  for  a  discussion 
of  these  results. 

Effluent  from  Filler  No.  19. 

[Pmrta  par  100,000.  j 


Sli  gallon*  of  chemically  clarified  eewage  applied  A  lime*  *  »«L,  till  Juoe  11 ;  8  gallon.  0  time*  a 
week,Juoe12toJuly30;  t  gallon"  13  tlmu  a  vuk,  July  81  to  Aopi.tSl;  4  gallon*  36  tlrar.  (week, 
September  1  to  October  22;  4  callona  *B  timet  •  week,  October  33  to  December  13,  after  which  none  we* 
applied.  Biperlmenti  Interrupted  by  high  water  March  IS  to  IT,  May  4  to  S,  llay  18  to  31.  Burton 
raked  3  Incbe*  deep  each  week  until  October  33,  after  which  aurface  waa  ecraned  and  Band  of  preiione 
■craping  (after  waahlng)  replaced  on  following  dam:  November  3,  13,  IS,  3a,  38.  Spaded,  0  Inch™ 
deep,  December  2,  13.    October  8.  upper  4  Inchea  removed  and  replaced  with  freah  aand. 
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Filter  No.  25. 

In  this  filter  was  buried  on  December  18, 1889,  the  carcass  of  a  dog 
above  5  feet  of  sand  and  loam  and  beneath  6  feet  of  sand,  loam  and 
soil,  as  was  described  in  the  Special  Report  upon  the  Purification  of 
Sewage  and  Water  (page  689).  Since  May  9,  1892,  city  water  has 
been  applied  at  the  rate  of  60,000  gallons  per  acre  daily  for  six  days 
in  a  week.  There  was  a  marked  improvement  in  the  chemical  quality 
of  the  effluent  in  1892,  but  the  numbers  of  bacteria  increased.  In 
1893  there  have  been  no  marked  changes  in  the  chemical  character- 
istics of  the  effluent,  and  while  the  numbers  of  bacteria  have  been 
quite  variable,  they  have  averaged  considerably  lower  than  during 
the  latter  part  of  the  preceding  year.  The  effluent  has  been  uni- 
formly discolored  by  iron.  The  odor  and  turbidity  have  been  very 
much  less  marked  than  formerly,  but  are  still  perceptible. 


Effluent  from  Filter  No.  25. 

[Parts  per  100,000.] 


Quantity 
Applied. 

Ammonia. 

,      NlTBOOEN  AS 

1 

9 

• 

Gallon*  per 
Acre  Dally 

e 
1 

§ 

6 

t 

• 

J 

-1 

! 

!£1 

for  Six  Days 
In  a  Week. 

i 

0 

a 

s 

s 

ssi 

A 

1899. 

January,     . 

•                •                • 

10,000 

4.2500 

.0700 

.25 

.180 

.0180 

.28 

0 

February,  . 

»                • 

10,000 

3.6500 

.1000 

.80 

.080 

.0080 

.18 

0 

March, 

■                • 

10,000 

2.2000 

.0660 

.25 

.050 

.0060 

.46 

0 

April,. 

i                • 

10,000 

3.6000 

.0460 

.30 

.080 

.0150 

.09 

0 

May,    . 

i               • 

46,000 

2.8000 

.0605 

.23 

.060 

.0056 

.80 

6 

June,  . 

•               • 

60,000 

1.2333 

.0827 

.16 

.020 

.0067 

.11 

4 

July,   . 

k               • 

60,000 

.8750 

.0310 

.16 

.010 

.0040 

.11 

10 

August, 

i                • 

60,000 

.8200 

.0260 

.19 

.010 

.0018 

.18 

175,000 

September, 

»                • 

60,000 

.7000 

.0880 

.86 

.010 

.0000 

.15 

23,400 

October, 

>                • 

60,000 

.5800 

.0160 

.22 

.000 

.0004 

.10 

20,000 

November, 

I                      • 

60,000 

.3400 

.0260 

.29 

.010 

.0004 

.09 

26,000 

December, . 

1                         9 

60,000 

.2700 

.0180 

.24 

.006 

.0010 

.02 

40,000 

1893. 

■ 

January,     . 

►                •                e 

60,000 

.2700 

.0080 

.22 

.010 

.0012 

.15 

2.000 

February,   . 

»                         • 

60.000 

.3500 

.0180 

.30 

.015 

.0014 

.26 

8,000 

March, 

1                        • 

58,000 

.3000 

.0100 

.27 

.022 

.0036 

.09 

1,240 

April, . 

• 

60,000 

.2900 

.0220 

.22 

.019 

.0000 

.26 

1,200 

May,    . 

• 

40,000 

.3450 

.0260 

.12 

.021 

.0007 

.16 

200 

June,  . 

►                         • 

60.000 

.3800 

.0320 

.19 

.094 

.0020 

.12 

2 

July,    . 

• 

60,000 

.3700 

.0260 

.20 

.040 

.0018 

.13 

9 

AUKUIt, 

• 

60,000 

.3300 

.0180 

.22 

.006 

.0030 

.17 

600 

September, 

• 

60,000 

.26H0 

.0190 

.22 

.009 

.0020 

.08 

6 

October, 

• 

60,000 

.2200 

.0240 

.23 

.007 

.0030 

.09 

2,220 

November, . 

• 

60,000 

- 

— 

- 

- 

- 

— 

. 

December, . 

1                        • 

65,000 

.2500 

.0170 

.20 

.012 

.0045 

.05 

675 

Outlet  pipe  trapped.  City  water  applied  in  3  gallon  doses  once  a  week  until  May  9, 1892,  and  since 
that  time  0  times  a  week.  Experiment  interrupted  by  high  water  Maroh  15  to  17,  May  4  to  9  and  May 
18  to  22,  1893.  Surface  scraped  July  10, 1893.  The  applied  water  froze  on  the  surface  several  times 
during  the  severest  winter  weather  and  was  removed. 
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Filter  No.  30. 
This  filter  contains  30  inches  in  depth  of  coarse  sand  of  an 
effective  size  of  0.48  millimeter.  It  has  received  sewage  at  a 
uniform  rate  of  55,800  gallons  per  acre  daily  for  six  dayB  in  a  week 
with  satisfactory  results.  No  disturbance  of  the  material,  other 
than  the  weekly  raking,  has  taken  place  since  the  filter  was  first  put 
in  operation,  May  31,  1890. 

Effluent  from  Filter  No.  30. 

[Parti  per  100,000.] 


Bnrftfi  applied.  2  gallon  a  0  ti 
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Filter  No.  31. 
This  filter  contains  80  inches  in  depth  of  medium  fine  sand  of  an 
effective  size  of  0.17  millimeter.  It  has  received  sewage  at  a  uniform 
rate  of  55,800  gallons  per  acre  daily  for  six  days  in  a  week.  The 
effluent  has  been  uniformly  well  purified.  No  disturbance  of  the 
material,  other  than  the  weekly  raking,  has  taken  place  since  the 
filter  was  first  put  in  operation  May  31,  1890. 

Effluent  from  Fitter  No.  31. 

[Fait*  par  100,000.] 
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Filtek  No.  32. 
This  filter  contains  30  inches  in  depth  of  medium  fine  sand  of  an 
effective  size  of  0.17  millimeter.  It  received  the  supernatant  liquid 
from  sewage  treated  by  chemical  precipitation  like  that  applied  to 
No.  19  at  the  rate  of  112,000  gallons  per  acre  daily  for  six  days  in  a 
week.  This  rate  was  doubled  on  June  12  and  that  rate  doubled 
October  23  (446,000  gallons).  The  filter  became  clogged  in  spite 
of  frequent  raking  and  scraping;  this,  with  the  deterioration  in  the 
quality  of  the  effluent,  indicated  that  this  rate  of  filtration  overtaxed 
the  capacity  of  the  filter,  which  was  allowed  to  rent  for  two  weeks 
beginning  December  23. 

Effluent  from  Fitter  No.  32. 

[Part*  per  100,000.] 
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FILTRATION  OF  WATER. 


One  of  the  chief  objects  of  water  filtration,  in  most  cases,  is  a 
removal  of  the  disease-producing  germs.  The  investigations  by  the 
Board  in  1892  indicated  that  it  is  possible  to  construct  filters  which 
will  yield  2,000,000  gallons  of  water  per  acre  daily,  and  remove 
99.5  per  cent,  of  the  bacteria  in  the  applied  water.  The  investiga- 
tions were  continued  in  1893  with  the  view  to  learn  the  efficiency  of 
the  filters  as  they  continued  in  service,  and  also  to  learn  the  bacterial 
efficiency  of  filters  of  coarser  sands  operated  at  higher  rates  of  filtra- 
tion. 

The  general  plan  of  the  experiments  was  the  same  as  in  1892. 
Examination  of  the  bacterial  contents  of  the  river  water  and  of  the 
effluent  of  each  filter  were  made  daily  throughout  the  year.  Owing 
to  complications  from  freezing,  which  caused  the  formation  of  chan- 
nels at  the  sides  of  the  iron  filter  tanks  during  the  winter  months, 
and  to  the  evolution  of  air  by  the  saturated  water  within  the  filters, 
the  results  obtained  from  May  to  November,  inclusive,  alone  will  be 
discussed.  Beginning  May  12  B.  prodigiosus  was  regularly  applied 
to  the  filters  ten  hours  daily  and  the  effluent  of  each  filter  examined 
four  or  more  times  daily,  at  the  time  when  the  applied  water  con- 
taining this  germ  is  passing  through  the  outlet  pipes.  The  reason 
that  this  germ  was  used  is  because  it  is  easy  to  differentiate  it  from 
ordinary  water  bacteria  and  in  its  mode  of  life  in  the  river  water  it 
appears  to  be  very  similar  to  the  germ  generally  recognized  as  the 
cause  of  typhoid  fever.  In  the  table  below  is  given  a  summary  of 
the  results  obtained  from  the  several  filters.  In  the  case  of  the 
older  filters  (Nos.  18  A  to  42)  the  averages  include  all  of  the  results  ; 
in  the  case  of  the  remaining  (new)  filters  the  averages  include  all 
results  after  the  second  week  of  operation,  when  the  efficiency  in 
most  cases  became  normal.  The  diameter  of  all  of  these  filters  is 
twenty  inches  and  the  area  of  filtering  surface  is  equal  to  one  twenty- 
thousandth  of  an  acre.  A  detailed  account  of  these  results  will  be 
found  beyond. 
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The  results  show  that  — 

1.  The  bacterial  efficiency  of  the  older  filters,  all  things  con- 
sidered, was  as  satisfactory  in  1893  as  it  was  during  the  preceding 
year. 

2.  A  high  degree  of  bacterial  efficiency  was  attained  by  the  new 
filters  of  coarser  sand  and  operated  at  higher  rates  of  filtration. 

This  is  brought  out  more  clearly  by  the  following  table,  in  which 
are  summarized  the  results  obtained  from  the  newer  and  coarser  filters 
for  the  four  weeks  ending  December  2.  The  bacterial  averages 
include  the  results  of  all  examinations  in  each  case  and  represent  at 
least  four  samples  daily  taken  at  widely  different  hours. 


Summary  of  Bacterial  Results  obtained  from  Filters  Nos.  43-49,  with  Rates  of 

Filtration,  November  6  to  Dec.  2, 1893. 


Number  or  Filter. 


Depth  of 
Material. 

Inches. 


Method 

of 

Operation. 


Average  Bate 
of  Filtration. 

Gallons  per 
Acre  Dally. 


43, 
44, 
46, 

46, 
47, 
48, 
49, 


60 
60 
60 
12 
60 
60 
60 


Continuous. 

Continuous. 

Intermittent. 

Continuous. 

Intermittent. 

Intermittent. 

Continuous. 


7,660,000 

7,700,000 

\  3,740,000  I 
|  [6,640,000]  | 

8,700,000 

(  3,660,000  \ 
|  [6,406,000]  1 
\  2,000,000  { 
)  [6,075,000]  | 

6,660,000 


Averaob  Pes  Ceyt. 
or  Number  or  Applied 

Bacteria  which  ap- 
peared w  the  Effluent. 


Water 
Bacteria. 


Bacillus 
Prodlglosns. 


1.48 
1.10 
1.60 
2.84 
8.18 
1.88 
1.04 


0.171 
0.148 
0.210 
0.887 
0.468 
0.866 
0.188 


The  rates  of  filtration  enclosed  within  the  brackets  are  for  the  time  when  water  waa  actually  up- 
piled ;  the  other  ratea  are  averages  for  the  whole  time,  Including  the  periods  of  real. 


These  figures  show  that  very  good  results  were  obtained  from  the 
newer  experimental  filters  which  were  operated  at  much  higher  rates 
of  filtration  than  those  studied  in  1892.  This  is  particularly  the  case 
with  Filters  Nos.  43  and  44,  which  during  the  latter  part  of  Novem- 
ber were  operated  at  rates  of  more  than  9,000,000  gallons  per  acre 
daily,  with  a  removal  of  over  98  per  cent,  of  the  applied  water 
bacteria  and  over  99.5  per  cent,  of  the  applied  B.  prodigiosus. 
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The  Effect  upon  Bacterial  Purification  of  Bate  of  Fil- 
tration of  Water. 


There  are  two  views  to  this  problem,  first,  the  effect  of 
in  rates  of  filtration  where  the  rate  is  kept  constant  after  the  change 
has  once  been  made ;  and,  second,  the  effect  of  fluctuating  rates. 

It  is  thought  that  the  effect  of  changes  in  rates,  which  are  regularly 
maintained  after  the  change  is  made,  is  best  shown  by  taking  the 
average  monthly  results.  The  rates  of  filtration  of  the  several 
filters  were  very  seldom  changed  more  than  once  in  a  month ;  they 
were  not  changed  at  all  in  some  instances  and  all  changes  were 
moderate  ones.  When  we  consider  the  large  number  of  bacteria 
stored  in  the  sand  the  small  differences  in  the  number  of  bacteria  in 
the  applied  water  exert  usually  but  little  influence  upon  the  numbers 
in  the  effluent  and  the  results  are  therefore  expressed  in  numbers 
per  cubic  centimeter. 
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In  the  case  of  No.  18  A  the  number  of  bacteria  in  the  effluent 
increased  about  the  middle  of  July  after  removing  the  siphon  which 
delivered  the  water  in  one-quart  doses  onto  the  sand  about  once  in 
four  minutes  days,  nights  and  Sundays.  After  this  time  the  water 
was  applied  sixteen  hours  a  day  and  the  filter  allowed  to  drain  during 
the  remaining  hours.  Some  of  the  bacterial  increases  during  the 
summer  were  due  to  growths  or  to  conditions  favoring  longer  con- 
tinuance of  life  of  the  bacteria  in  the  sand.  This  was  more  marked 
in  continuous  than  in  intermittent  filters. 

In  some  cases  there  were  marked  increases  in  the  number  of 
bacteria  in  the  effluent,  evidently  not  due  to  changes  in  rates  of 
filtration,  and  which  at  present  cannot  be  fully  accounted  for.  In 
other  instances,  such  as  Nos.  43  and  44,  an  increase  in  the  rate  was 
followed  at  times  by  no  increase  whatever  in  the  number  of  bacteria 
in  the  effluent ;  and,  when  studied  by  weeks,  some  of  the  results 
indicate  a  diminution.  These  results,  taken  all  together,  indicate 
that  in  the  process  of  water  filtration  there  exist  conditions  which 
exert  more  influence  upon  the  bacterial  contents  of  the  effluent  than 
do  differences  in  rates  of  filtration  within  moderate  limits.  Some  of 
the  conditions  appear  to  be  normal  to  the  operations  of  these  experi- 
mental filters  while  others  are  not  yet  understood.  Upon  examina- 
tion of  the  results  obtained  at  the  highest  rates,  however,  it  will  be 
seen  that  the  bacterial  efficiency  diminishes  and  the  statement  made  in 
earlier  reports  that  low  rates  are  safer  than  high  rates  is  undoubtedly 
true.  Nevertheless,  up  to  a  certain  limit  the  rate  apparently  exerts 
very  little  influence,  and  this  limit  is  different  for  different  filters 
and  also  varies  with  other  conditions  in  the  case  of  the  same  filter. 


Tfie  Immediate  Effect  upon  Bacterial  Purification  of  Increasing  the 

Rate  of  Filtration. 

In  the  next  table  are  given  the  results  obtained  from  each  filter 
with  regard  to  this  point.  Fluctuations  in  the  rate  of  filtration  ap- 
pear to  be  an  important  feature  in  the  operation  of  some  of  the  older 
filters  in  Europe  and  the  following  results  have  been  obtained  at 
the  Experiment  Station  upon  this  subject.  The  number  of  bacteria 
per  cubic  centimeter  for  each  of  the  three  days  before  and  the  three 
days  after  increasing  the  rate  of  filtration  are  given  in  each  case 
where  there  was  no  complication  such  as  the  effect  of  scraping.  In 
most  cases  the  rate  was  increased  and  practically  no  information  has 
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been  obtained  as  to  the  effect  of  decreasing  the  rate.  As  the  changes 
were  usually  made  on  Monday  there  are  very  few  results  for  the  first 
day  before  increasing  the  rate. 

Number  of  Bacteria  per  Cubic  Centimeter. 
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Tluinn  rnnullH  hhow  t lint  in  h  majority  of  cases  an  increase  in  the 
iiiiiiilinr  nC  liiich'i'iii  in  tlm  rtlluont  followed  an  increase,  within  these 
liniiln,  in  Mm  mtn  of  till  ration.  TliiH  in  more  noticeable  in  filters  of 
Miami*  material  than  in  those  of  tine,  and  shows  an  advantage  of 
uniformity  in  tho  operation  of  water  filters. 
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The  Effect  of  Depth  of  Material  upon  Bacterial  Purifica- 
tion of  Water. 

The  results  upon  this  point  are  as  follows  :  — 


Nuubkr  of  Filter. 

Depth. 
Inches. 

Effective 
Size  of 
Grain. 

Millimeter. 

Period  — 1*93. 

Rate. 

Million 
Oalloni 

Average  Per  Crxt.  or 
Number  op 

APPLIED   ItACTEBIA 

which  appbarkd  im  thb 
Effluents. 

per  Acre 
Daily. 

Water 
Bacteria. 

Bacillus 
Prodlglosui. 

44 

46 

44 

46 

60 
12 
60 
12 

0.29 
0.29 
0.29 
0.29 

May  20  to  Deo.    2, 
Aag.  21  to  Deo.   2, 
Nov.    6  to  Dec.   2, 
Nov.    6  to  Dec.  2, 

4.9 
2.6 

7.7 
3.7 

0.60 
0.99 
1.19 
2.34 

0.083 
0.169 
0.148 
0.337 

27 

oS,   .         •         •         •         • 

39, 

42 

55 

20 

1 

10 

0.20 
0.20 
0.20 
0.20 

May  12  to  June  25, 
May  12  to  Dec.   2, 
May  12  to  Aug.  19, 
May  12  to  Dec.    2, 

2.4 
2.2 
1.7 
1.9 

0.31 
0.98 
4.06 
0.90 

0.010 
0.061 
0.762 
0.050 

The  results  obtained  from  Filters  Nos.  44  and  46  show  that  the 
deeper  filter  is  the  more  effective,  although  the  filter  one  foot  deep 
gave  quite  satisfactory  results,  especially  at  the  lower  rate  of  filtra- 
tion. Upon  consideration  of  the  second  series  it  is  seen  that  No.  37, 
the  deepest  filter,  was  the  most  effective  while  the  shallowest  one, 
No.  39,  was  the  least  efficient  in  removing  bacteria.  No.  39  contained 
5  inches  of  underdrain  (stones,  gravel  and  coarse  sand)  in  addition 
to  the  inch  of  sand.  Of  the  two  filters,  Nos.  38  and  42,  20  and  10 
inches  deep,  respectively,  the  shallower  was  very  slightly  the  more 
efficient.  It  is  to  be  noted  that  when  the  filters  were  restored  to 
their  original  depth,  by  the  addition  in  some  cases  of  a  foot  of  sand, 
there  was  no  apparent  effect  upon  the  bacterial  contents  of  the 
effluents.  We  must  conclude,  however,  all  things  considered,  that 
while  very  satisfactory  results  may  be  obtained,  under  favorable 
conditions,  from  filters  one  to  two  feet  deep,  the  deeper  filters  are 
safer  than  the  shallower  ones. 
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The  Effect  of  Size  of  Sand  Grains  upon  Bacterial 

Purification. 

Id  the  following  table  is  given  a  summary  of  the  results  obtained 
from  the  several  filters  during  the  month  of  November,  this  month 
affording  the  fairest  comparison  because  the  conditions  were  then 
most  nearly  alike. 

Continuous  Fillers. 


NCXBEB  OF  FlLTBB. 


33  A,      . 
88  (2  feet), 
48,.       . 
.44,.       . 
49,.        . 


Effective  SIse 
of (irain. 

Millimeter. 


0.14 
0.20 
0.26 
0.29 
0.38 


Estimated 
Maximum  Kate. 

Million  Gallons 
per  Acre  Dally. 


16 
82 
68 
67 
116 


Average  Rate. 

MHlionGal- 

kms  per  Acre 

Dally. 


2.8 
8.4 
7.6 
7.6 
6.8 


Baotcii*  pbi  Cubic  Csarn- 

MKTEB  IV  EfFLClXTa. 


Water  Bac- 
teria. 


B.  Prodiftoena. 


Intermittent  Filters. 


41 

0.14 

16 

1.6 

10 

1 

45 

0.23 

42 

8.6 

120 

12 

47 

0.29 

67 

8.6 

213 

25 

48, 

0.38 

116 

2.9 

123 

28 

18  A 

0.48 

184 

1.8 

167 

11 

These  results  indicate  that,  within  the  limits  in  sizes  of  sand 
grains  which  would  be  ordinarily  employed  in  filtration,  the  finer 
sands  are  slightly  more  efficient  in  removing  bacteria  than  the  coarser 
ones.  It  appears,  however,  that  there  are  conditions  sometimes 
attending  the  process  of  filtration  which  disguise  and  at  times  com- 
pletely offset  the  slight  advantages  which  arise  from  fineness  of 
material. 


The  Effect  of  Scraping  Filters  upon  Bacterial  Purifica- 
tion of  Water. 

It  was  shown  in  the  Annual  Report  for  1892  that  there  was  a  slight 
increase  in  the  number  of  bacteria  in  the  effluent  after  a  filter  had 
been  scraped.     The  method  of  scraping  the  continuous  filters  followed 
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in  1892  was  practised  in  1893  until  November  1,  as  follows:  the 
water  above  the  sand  was  siphoned  off  and  the  filter  allowed  to  drain 
until  the  water  stood  about  an  inch  below  the  surface  of  the  sand. 
The  outlet  was  then  closed,  the  surface  scraped  and  water  applied 
slowly  from  the  top.  The  intermittent  filters  were  scraped  after 
draining.  In  the  table  below  is  given  a  summary,  up  to  November, 
of  the  number  of  bacteria  in  the  effluent  during  each  of  the  three 
days  before  and  three  days  after  scraping,  and  also  of  the  remaining 
days  of  each  period  between  scrapings.  In  some  instances  the 
filters  were  scraped  about  once  a  week  and  nearly  all  of  the  results 
are  contained  under  the  headings,  three  days  before  and  three  days 
after  scraping ;  under  these  circumstances  a  representative  result 
for  the  time  midway  between  scrapings  is  given  under  the  column, 
remaining  days. 

Summary  of  the  Average  Results  of  the  Number  nf  Bacteria,  per  Cubic  Centi- 
meter in  the  Effluent  of  each  Filter  during  Different  Portions  of  each  Period 

between  Scrapings, 


I     1 
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The  average  results  from  all  of  the  filters  Judicata  that  there  was 
a  very  slight  decrease  in  bacterial  efficiency,  after  scraping,  by  the 
method  of  operation  practised.  Taking  the  results  individually  it 
was  found  that  out  of  113  scrapings  an  increase  in  the  number  of 
bacteria  in  the  effluents  just  after  scraping,  above  that  accounted  for 
by  the  ordinary  bacterial  fluctuations,  occurred  in  the  case  of  the 
water  bacteria  46  times  and  in  the  case  of  B .  prodipiosua  55  times. 
Almost  without  exception  the  increase  in  number  of  bacteria  was 
very  slight,  as  will  be  seen  in  the  table  below,  which  contains  the 
results  obtained  from  each  filter  when  the  effect  of  scraping  was 
most  marked.  In  the  second  table  beyond  are  given  the  results 
when  the  effect  of  scraping  was  the  least  marked  in  the  case  of  each 
filter.  During  the  period  in  which  the  results  given  in  these  tables 
were  obtained  the  water  bacteria  in  the  applied  water  averaged 
10,500  and  the  B.  prodiffiosus  T,000  per  cubic  centimeter. 

Table  showing  the  Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluent  of 
Each  Filter  during  Different  Portions  of  the  Period  between  Scrapings  when 
the  Effect  of  Scraping  was  Most  Marked. 
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Table  showing  the  Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluent  of 
Each  Filter  during  Different  Portions  of  the  Period  between  Scrapings  when 
the  Effect  of  Scraping  was  Least  Marked. 


The  Effect  upon  Bacterial  Purification  of  disturbing  the 
upper  Twelve  Inches  of  Filters  of  Fine  Material. 

Filters  No.  33  A  (continuous)  and  41  (intermittent),  containing 
48  inches  in  depth  of  sand  of  an  effective  size  of  0.14  millimeter, 
were  scraped  on  July  17,  after  draining.  This  sand  is  so  fine  that 
the  lower  portion  of  the  filter  remains  saturated  after  draining.  The 
upper  12  inches  of  material  were  taken  out  and  replaced.  Water 
was  applied  at  the  top  of  the  continuous  filter,  with  the  outlet 
closed,  and  after  the  surface  was  covered  the  faucet  below  was 
opened  to  give  the  usual  rate  of  two  million  gallons  per  acre  daily. 
The  faucet  of  the  intermittent  filter  was  kept  wide  open  and  the  rate 
of  filtration  regulated  at  the  top. 

In  the  following  table  are  given  the  bacterial  results  from  these 
filters  for  the  week  preceding  and  the  week  following  this  treatment. 
No  B.  prodi'jiosus  was  applied  on  July  17  ;  the  results  on  that  day 
represent  drainings.  On  all  other  days  the  results  are  averages 
of  four  exam i nations. 
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Bacteria  per  Cubic  Centimeter. 


Applied  Watee. 

Ettluemt  op  Filth 
No.  88  A. 

Eftlcbet  or  Piltbi 
ho.  41. 

1MTE  —  m  9V«  ■ 

Water 
Bacteria. 

Baclllai 
ProUiglotu*. 

Water 
Bacteria. 

Baclllai 
Prodlgtotui. 

Water 
Bacteria. 

BadDn 
rrongioraE. 

Jaly  10, 
11.       . 
12, 

M.       . 
14,        . 
16,        , 
17. 
18. 

10. 

20,  ( 

21.  , 
22. 

,  - 

2,100 
8,800 
6,100 
7,600 
4,400 
2,800 
1.000 
1,000 
7,700 
10.000 
6,000 
8.800 

8,000 
6,200 
6,000 
6,700 
4,800 
6,700 
0 
6,700 
6.200 
0.700 
6,800 
6,700 

12 
18 
102 
89 
40 
77 
47 
16 
24 
10 
28 
6 

0.8 
0.6 
0.8 
3.0 
2.0 
2.0 
0.0 
4.0 
3.0 
8.0 
2.0 
1.0 

11 
20 
76 
48 
18 
18 
28 
88 
46 
88 
68 
86 

2.0 
O.T 
8.0 
8.0 
1.0 
0.7 
0.0 
6.0 
4.0 
11.0 
11.0 
3.0 

The  Effect  upon  Bacterial  Purification  of  Removing  an  Inch 
Layer  of  Loam  Two  Inches  below  the  Surface  of  an 
Intermittent  Filter  of  Medium  Fine  Sand. 

Filter  No.  35  A  contained  48  inches  in  depth  of  sand  of  an 
effective  size  of  0.20  millimeter.  After  draining,  on  July  17  the 
surface  was  scraped,  the  loam  layer  2  inches  below  the  surface  taken 
out  and  the  sand  replaced.  The  faucet  below  was  kept  wide  open 
and  the  rate  of  the  applied  water  regulated  at  the  top.  The  bacterial 
results  before  and  after  this  treatment  were  as  follows :  — 

Bacteria  per  Cubic  Centimeter. 


Date—  1893. 


July  10, 

11* 
12, 
13, 
14. 
1&. 
17, 
18, 

10* 
20, 

21, 
22, 


Applied  Watkh. 


Water  Bacteria. 


Baetllas 
Prodlgtotui. 


2,100 
8,300 
6,100 
7,500 
4,400 
2,800 
1,000 
1,000 
7,700 
10,000 
6,000 
8,300 


8,000 
6,200 
6,000 
5,700 
4,300 
6,700 
0 
6,700 
6,200 
0,700 
6,300 
6,700 


Effluent  of  Filter  No.  36  A. 


Water  Bacteria. 


Baclllai 
Prodfekwa*. 


0 
7 
17 
27 
64 
60 
60 
67 
164 
44 
81 
62 


1.0 

0.0 

0.8 

0.6 

0.0 

0.8 

0.0 

18.0 

7.0 

10.0 

IS.O 

7.0 


The  results  presented  in  the  last  two  tables  indicate  that  a  slight 
decrease  in  bacterial  efficiency  follows  a  mechanical  disturbance  of 
the  upper  portion  of  fine  filters  and  the  removal  of  a  layer  of  fine 
loam.    From  our  general  knowledge  of  the  efficiency  of  coarser 
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filters  it  is  probable  that  in  such  cases  the  diminution  would  be 
more  marked.  The  effect  of  mechanical  disturbance  is  brought  out 
most  clearly  by  the  results  obtained  from  Filters  Nos.  3  B  and  8  A. 
These  filters  are  one  two-hundredth  of  an  acre  in  area  and  contain 
five  feet  in  depth  of  sand  of  an  effective  size  of  0.23  millimeter. 
Filter  No.  3  B  has  been  operated  intermittently  at  an  average  rate  of 
two  million  gallons  per  acre  daily  since  September  23,  as  follows :  at 
5  a.m.  the  gate  on  the  outlet  pipe  is  closed  and  the  water  turned 
on  at  the  top  near  the  edge.  When  the  filter  is  covered  (about  7.30 
a.m.)  the  gate  on  the  outlet  pipe  is  opened  to  give  the  prescribed 
rate  of  filtration,  and  the  surface  is  kept  covered  until  9  p.m.  when 
the  water  is  shut  off  and  the  filter  allowed  to  drain  during  the  night. 
No.  8  A  has  been  operated  continuously  since  September  26  at  a 
constant  rate  of  two  million  gallons  per  acre  daily.  While  the  passage 
of  water  through  No.  8  A  is  uniform  and  causes  no  disturbance  of  the 
sand,  the  peculiar  method  of  daily  filling  in  No.  3B  drives  out  a 
large  part  of  the  air  contained  in  the  sand  and  causes  more  or  less 
disturbance  of  the  sand  at  the  surface.  That  this  disturbance  of  the 
surface  is  due  to  the  escape  of  air  from  the  sand  can  be  readily  seen 
from  inspection,  and  is  further  indicated  by  the  fact  that  up  to 
January  1,  No.  8  A  was  scraped  three  times  to  relieve  clogging, 
while  No.  3  B  was  not  scraped  at  all  during  this  period,  although  it 
yielded  as  much  water.  In  the  table  below  are  given  the  average 
results  of  daily  bacterial  examinations  of  samples  taken  at  different 
hours  during  the  day  from  the  effluent  of  each  filter,  from  October 
30  to  December  8.  The  number  of  bacteria  per  cubic  centimeter  in 
the  applied  water  averaged  8,800  during  this  period. 

Bacteria  per  Cubic  Centimeter. 


Date. 
(October  30  to  Dec.  8, 1893.) 

ErrLUSVT  op  Filtm  No.  SB. 

(IKTBBMITTBMT.) 

Effluekt  or  Filter  No.  8  A. 

(COXTMUOU8.) 

Hour, 

8  A.M. 

11  A.M. 

2  P.M. 

4  P.M. 

8  A.M. 

11  A.M. 

2  P.M. 

4  p.m. 

Bacteria  in  effluent*, 

Per  cent,  of  number  of  applied  bac- 
teria which  appeared  in  efUuenta, 

820 
3.03 

286 
8.25 

185 
2.10 

140 
1.50 

104 
1.18 

110 
1.86 

126 
1.48 

108 
1.17 

The  diminished  efficiency  of  No.  3  B  in  the  forenoon  appears  to  be 
due  to  the  mechanical  disturbance  of  the  main  body  of  the  sand  by 
the  escaping  air. 
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The  Effect  upon  Bacterial  Purification  of  Freezing  the 

Surface  Laters  of  a  Filter. 

The  freezing  of  the  upper  layers  of  a  Biter  which  has  been  drained 
also  appears  to  aid  in  causing  the  passage  of  more  bacteria  through 
the  filter.  The  weather  during  the  second  and  third  week  in  Decem- 
ber was  very  cold  and  the  surface  of  No.  3  B  froze  during  the  night 
after  draining.  The  last  week  in  the  month  was  much  wanner. 
Upon  comparison  of  the  results  below  with  those  presented  above 
it  will  be  seen  that  No.  3  B  was  less  efficient  than  usual  during  the 
severe  weather,  but  the  results  became  normal  again  when  wanner 
weather  appeared. 


Average  Weekly  Xumbers  of  Bacteria  per  Cubic  Centimeter. 


Wbkk  Estdixo  — 


1891. 


December  16,  . 

23,  . 
30,  . 


Efflcbst  or  Filter  No.  3  B. 
(IsrrsftifiTTBST.) 


:  '  1 

!  8  a.m.      Ham.     2  p.m.  ■   4  r  ji. 


ErrLCBKT  or  Filter  So.  8  A. 
(CoxTtxrors.) 

i  j 

8  a.m.     11  a.m.  ,  2  rat    \  4  pji. 


i 
250  230 

297     !      232 

I 

285  263 


310 
249 
159 


i| 


273 
3S3 
147 


40 
86 

74 


51 
82 
65 


50 
92 


78 

103 

86 


Effect   rrox   Bacterial   Pi'rification   of   Rapidly    Filling 

Filters  from  Below  after  Draining. 

During  November  several  of  the  small  filters,  when  their  pores 
contained  more  or  less  air,  were  filled  from  below  with  filtered 
water.  It  is  not  known  definitely  how  fast  the  water  flowed  into 
the  filters,  but  in  a  majority  of  eases  the  rate  was  high,  —  probably 
equivalent  to  i), 000,000  gallons  per  acre  daily  or  more. 

More  information  is  needed  upon  this  point,  but  from  the  results 
given  below  it  is  clear  that  by  rapidly  filling  a  filter  from  below  it 
is  possible  to  disturb  the  sand  so  that  the  bacterial  efficiency  will  be 
much  diminished  upon  resuming  filtration. 

In  the  case  of  the  several  filters  in  question  the  numbers  of 
bacteria  in  the  effluents  during  the  three  days  before  and  three  days 
after  filling  from  below  are  as  follows :  — 
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Average  Daily  Numbers  of  Bacteria  per  Cubic  Centimeter. 


In  some  instances  only  a  very  small  portion  of  water,  applied 
aftpr  the  filter  was  put  in  operation  after  filling  from  below,  appeared 
during  that  day  aa  effluent.  Under  such  circumstances  the  bacteria 
were  lower  than  on  the  following  day. 

Sonic  experiments  have  been  made  upon  Filter  No.  8  A,  in  which 
the  filter,  after  scraping,  was  filled  from  below  with  city  (filtered) 
water  at  a  rate  not  exceeding  1,500,000  gallons  per  acre  daily.  The 
results  thus  far  obtained  indicate  that  no  diminution  in  the  bacterial 
efficiency  follows  this  operation. 

Conclusions. 
From  the  evidence  at  hand  it  appears  fair  to  conclude  that  — 

1.  No  appreciable  diminution  in  the  bacterial  efficiency  of 
the  experimental  filters  followed  scraping,  provided  there  was  no 
mechanical  disturbance  of  the  main  body  of  the  sand. 

2.  Filters  may  be  scraped  without  interfering  with  their  bacterial 
efficiency  by  draining  the  water  slightly  below  the  surface  of  the 
sand  and,  after  scraping,  slowly  filling  from  the  top. 

3.  Filters  may  be  drained  and  slowly  filled  from  below,  after 
scraping,  without  diminishing  their  bacterial  efficiency. 

4.  "When  filters  are  drained  and  filled  quickly  from  below,  after 
scnipinjr,  there  is  an  increase  in  the  number  of  bacteria  in  the  effluent. 

5.  When  filters  are  drained  and  filled  rapidly  from  the  top  a 
disturbance  of  the  sand  follows  in  the  case  of  some  of  the  experi- 
mental filters,  which  causes  a  diminution  in  the  bacterial  efficiency. 
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The  Effect  upon  Bacterial  Purification  of  the  Amount  of 

Loss  of  Head. 

In  some  places  abroad  it  is  believed  that  the  bacterial  efficiency 
of  a  filter  decreases  as  the  loss  of  head  increases  beyond  a  certain 
limit.  For  this  and  other  reasons  several  of  the  most  recently  con- 
structed water  filters  in  Germany  are  so  arranged  that  the  available 
head  is  very  much  less  than  the  total  depth  of  water  and  sand ;  in  fact, 
in  some  instances  the  available  head  is  less  than  2.5  feet.  The  Law- 
rence results  obtained  in  1892  have  been  arranged  to  throw  light  upon 
this  subject  and  are  presented  in  the  table  below.  In  all  cases  these 
filters  were  scraped  when  the  loss  of  head  equalled  the  total  depth  of 
sand  and  water ;  and  it  was  just  before  scraping,  of  course,  that  the 
loss  of  head  approximated  the  maximum.  The  next  table  shows 
the  average  number  of  bacteria  per  cubic  centimeter  in  the  effluent 
during  the  three  days  before  and  the  three  days  after  scraping  each 
filter,  as  well  as  the  numbers  during  the  intermediate  days,  that  is, 
the  remaining  days  of  each  period  between  scrapings.  Owing  to 
the  growth  of  bacteria  in  some  of  the  filters  during  mid-summer 
(see  Annual  Report  for  1892,  page  530)  the  results  are  divided 
into  three  periods,  viz. :  spring,  summer  and  fall.  It  may  also  be 
stated  that  the  numbers  of  bacteria  in  the  effluents  during  each  of 
the  three  days  before  scraping  were  substantially  the  same  with  the 
exception  of  a  few  instances  in  mid-summer  when  the  bacterial 
growths  occurred. 

Summary  of  Results  showing  Uniformity  of  Bacterial  Purification  by  Water  Fillers 

during  Periods  between  Scrapings — 1892. 


OP 
FILTER. 


83  A,, 

i       • 

84  A, 

i       • 
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87,      . 
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80,      , 

»       • 
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•       • 

41,      , 

•       % 
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Inches. 


70 
70 
70 
70 
70 
86 
23 
23 
70 


Speivo  (Mat  ] 

L  TO 

July  1ft). 

5 

r. 

Sf 

S. 

%d 

u 

item 
Day 

M 

H 

H 

44 

20 
84 
20 
11 
12 
68 
61 
26 


42 

47 


66 
17 

23 
26 
27 
20 
74 
46 
3 


86 

86 


68 

11 

24 

10 

64 

104 

116 

64 

116 


65 
61 


Scmmeb  (Jilt  16  to 

AUGUST  81). 


3 

! 


11 


ft 

H 


m 
ft, 

li 

e 


67 

640 

106 

162 

22 

2,666 

708 

60 

05 

4,664 

2,104 

121 

80 

7,466 
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71 

TO 
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2,413 
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26 
104 
180 
223 
864 
186 

60 
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Fall.) 


Fall  (September  1  to 
November  1). 
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28 
90 
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44 
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These  results  show  that  during  the  spring  and  fell  there  was  no 
diminution  in  the  bacterial  efficiency  of  these  experimental  filters 
as  the  loss  of  head  approached  and  reached  the  maximum  (total 
depth  of  water  and  sand)  ;  neither  was  there  any  apparent  difference 
in  this  regard  between  those  filters  which  had  a  maximum  loss  of  head 
of  70  inches  and  those  in  which  the  nfaximum  loss  was  less  than 
half  of  this  amount.  It  will  be  seen  that  during  midsummer  the 
highest  number  of  bacteria  in  the  effluent  in  some  cases  did  appear 
when  the  loss  of  head  was  greatest.  This  was  undoubtedly  due  to 
the  conditions  existing  in  the  filter  which  favored  the  continuance 
of  life  and  growth  of  certain  species  of  bacteria,  and  the  high  num- 
bers occurred  just  before  scraping  and  when  the  loss  of  head  was 
greatest,  because  the  accumulation  of  organic  matter  (food)  was 
largest  at  that  time. 

The  average  results  obtained  from  all  of  the  small  water  filters  in 
1893  with  regard  to  this  point  are  presented  in  the  table  on  page 
463.  These  averages  contain  all  results,  including  those  of  mid- 
summer, when  the  abnormal  growth  of  bacteria  occurred  within  the 
filters.  This  growth,  however,  was  much  less  marked  than  in  1892. 
The  final  averages  for  1893  confirm  the  results  obtained  during  the 
preceding  year  and  show  clearly  that  with  these  experimental  filters, 
under  the  existing  methods  of  operation,  there  is  ordinarily  no  ap- 
preciable diminution  in  the  bacterial  efficiency  caused  by  increases 
in  loss  of  head  up  to  70  inches. 

In  the  case  of  the  continuous  Filter  No.  8  A  (one  two-hundredth 
of  an  acre  in  area)  there  were  several  occasions,  notably  December 
1  and  29  (see  beyond),  when  the  number  of  bacteria  increased  in 
the  effluent,  just  before  scraping,  and  the  loss  of  head  reached  the 
total  depth  of  the  filter.  There  was  no  trap  on  the  outlet  pipe  of 
this  filter,  and  the  bacteria  in  the  effluent  did  not  increase  until  the 
loss  of  head  had  practically  reached  the  maximum  and  when  there 
was  not  enough  pressure  on  the  open  gate  to  cause  the  prescribed 
quantity  of  effluent  to  pass.  Under  these  circumstances  air  entered 
the  filter  through  the  outlet  pipe,  and  the  water  probably  filtered 
through  the  sand  in  certain  places  of  least  resistance  at  a  relatively 
high  rate.  It  is  believed  that  these  results  are  very  exceptional  and 
caused  by  the  entrance  of  air  from  below  through  the  untrapped 
outlet.  It  is  of  importance  to  note  that  the  bacterial  results  were 
normal  so  long  as  there  was  any  pressure  upon  the  outlet  gate  in 
excess  of  that  necessary  for  the  passage  of  the  prescribed  quantity 
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of  water.  Furthermore,  the  outlet  was  kept  trapped  at  later  dates 
and  no  increase  in  the  numbers  of  bacteria  in  the  effluent  was 
found  just  before  scraping,  although  the  scraping  was  deferred  until 
the  filter  ran  nearly  dry. 

It  is  also  to  be  noted  that  in  the  case  of  the  Lawrence  city  filter 
during  January  and  February  (see  tables  beyond)  the  number  of 
bacteria  in  the  effluent  remained  reasonably  constant  up  to  February 
19,  the  date  when  scraping  in  sections  began,  although  the  loss  of 
head  increased  from  3  to  7.6  feet. 


The  Effect  upon  the  Bacterial  Purification  of  the  Method 

of  Application  of  Water. 

In  comparing  the  efficiency  of  the  intermittent  with  that  of  the 
continuous  filters  it  is  to  be  kept  in  mind  that  several  different  ways 
have  been  employed  for  allowing  the  entrance  of  air  into  the  pores 
of  the  intermittent  water  filters.  In  most  cases,  up  to  October  1, 
1893,  the  outlets  of  the  intermittent  filters  have  been  untrapped 
and  kept  wide  open,  while  the  rate  of  filtration  of  water  has  been 
regulated  at  the  inlet  on  the  surface ;  these  filters  have  been  worked 
sixteen  hours  a  day  on  six  days  in  a  week  and  allowed  to  drain  the 
remainder  of  the  time.  Other  filters,  such  as  the  older  ones,  No. 
18  A  and  20  A,  also  had  the  outlet  untrapped  and  wide  open,  but 
received  the  contents  of  a  small  reservoir  which  was  automatically 
discharged  upon  the  surface  at  frequent  and  regular  intervals,  days, 
nights  and  Sundays.  Beginning  October  1,  1893,  all  of  the  inter- 
mittent filters  have  been  operated  as  follows  :  at  5  a.m.,  after  drain- 
ing, the  untrapped  outlet  has  been  closed  and  the  water  turned  on 
at  the  top,  which  forces  out  the  air  at  the  surface.  When  the  sur- 
face is  covered  and  the  air  driven  out  of  the  pores  of  the  sand 
(about  7.30  a.m.)  the  gate  on  the  outlet  pipe  is  opened  to  give 
the  prescribed  rate  and  the  surface  kept  covered  with  water.  At  9 
p.m.  the  water  is  shut  oft*  at  the  top  and  the  filter  allowed  to  drain 
over  night.  In  this  method  of  operation  there  are  two  features 
which  are  not  necessarily  a  part  of  intermittent  filtration. 

I.  The  actual  rate  of  filtration  during  the  hours  the  filter  was 
operated  was  50  per  cent,  higher  than  the  average  rate  for  twenty- 
four  hours  in  order  that  the  yield  of  effluent  in  sixteen  hours  should 
equal  that  of  the  continuous  mate  in  twenty-four  hours. 
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II.  The  exclusion  of  air  from  the  poizes  of  the  sand  by  the 
manner  of  filling  the  filters  and  the  resulting  disturbance  of  the 
surface  by  the  escaping  air. 

In  studying  the  results  obtained  from  the  several  pairs  of  in- 
termittent and  continuous  filters,  which  are  presented  below,  the 
different  methods  of  operation  of  the  intermittent  filters  are  not 
to  be  forgotten,  and  are  as  follows:  up  to  October  1  and  from 
November  21  to  30  the  intermittent  filters,  Nos.  41,  45,  47  and  43, 
were  operated  sixteen  hours  a  day  on  six  days  in  a  week,  with  the 
outlet  untrapped  and  wide  open  and  the  rate  of  filtration  regulated 
at  the  inlet  at  the  surface.  Daring  the  rest  of  the  period  covered 
by  these  results  the  untrapped  outlet  was  closed  after  draining  and 
water  applied  at  the  top ;  when  the  surface  waa  covered  the  outlet 
was  opened  to  give  the  prescribed  rate. 


Table  showing  a  Comparison  of  the  Number  of  Bacteria,  per  Cubic  Centimeter, 
arranged  as  Weekly  Averages,  in  the  Effluents  of  each  Pair  of  Continuous  and 

Intermittent  Filters. 
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The  results  obtained  from  Filters  Nos.  3  B  and  8  A  are  instructive 
in  this  connection ;  the  summarized  and  detailed  results  are  given  in 
tables  which  may  be  found  beyond. 

The  results  at  hand,  obtained  from  the  several  pairs  of  continuous 
and  intermittent  filters,  show  — 

1.  That  in  the  case  of  the  filters  of  very  fine  sand  (in  which  there 
is  a  saturated  layer  of  considerable  depth)  the  bacterial  efficiency  was 
substantially  the  same  by  each  method  employed  in  the  application 
of  water  during  the  greater  part  of  the  period,  but  during  mid- 
summer (July  24  to  September  2)  the  continuous  filter  allowed  a 
few  more  of  the  hardy  water  bacteria,  but  not  of  B.  prodigiosus,  to 
pass  through. 

2.  That  with  filters  of  coarser  sands,  operated  at  comparatively 
high  rates,  the  continuous  filters  were  ordinarily  more  efficient  in 
removing  bacteria  than  the  intermittent  filters  under  the  existing 
methods  of  operation.  The  reason  of  this  is  that  the  actual  rate  of 
flow  was  lower  and  more  uniform  and  there  was  no  mechanical  dis- 
turbance of  the  sand  as  was  the  case  during  the  greater  part  of  the 
period  with  the  intermittent  filters,  owing  to  the  manner  of  filling 
And  driving  out  the  air  at  the  surface. 


Chemical  Purification  of  Water  by  Filtration. 

The  results  of  the  chemical  analyses,  from  May  to  November, 
inclusive,  indicate  that  on  an  average  45  per  cent,  of  the  total 
albuminoid  ammonia,  of  which  15  to  20  per  cent,  is  usually  in  sus- 
pension, in  the  applied  river  water  appeared  in  the  effluents.  The 
total  albuminoid  ammonia  of  the  river  water  which  appears  in  the 
effluents  ordinarily  ranges  from  35  to  60  per  cent. ;  the  extremes  are 
30  and  70  per  cent. 

A  comparison  of  the  efficiency  with  regard  to  the  removal  of 
organic  matter  of  filtration  under  different  conditions  is  presented 
below.  For  details  regarding  methods  of  operation  and  results  of 
analyses  see  pages  beginning  with  488. 
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Table  showing  Per  Cent,  of  Albuminoid  Ammonia  in  Applied  Water  which  appeared 
in  the  several  Effluents  at  Different  Bales  of  Filtration. 

[Bmm  in  expiWMd  Is  million  gmllom  par  ton  dally.] 
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.1 

m  m 

n 


In  filters  of  these  materials,  and  in  which  nitrification  is  well 
established,  the  rate  of  filtration,  within  these  limits,  appears  to 
exert  very  little  or  no  influence  upon  the  removal  of  organic  matter. 

Effect  of  Size  of  Sand  Grain. 
The  results  obtained  in  October  and  November  were  selected  for 
the  following  table  because  they  were  obtained  under  comparable 
conditions. 
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L    Continuous  Filters. 


XUXBBB  OP  FlLTBB. 
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II.    Intermittent  Filters. 
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In  continuous  and  intermittent  filtration,  through  materials  of 
these  limits  in  effective  size  and  under  the  given  conditions  of 
operation,  there  was  no  marked  difference  in  the  amounts  of  organic 
matter  removed  from  the  applied  water  by  the  filters  which  were 
filled  with  sand  of  different  effective  sizes. 


Effect  of  Depth  of  Material. 


NUMBEB  OF  FlLTBB. 

Effective 

81ze  of 

Sand  Grain. 

Millimeter. 

Depth  in 
Inches. 

Average  Rate 
of  FUtraUon. 

Million  Gal- 
lons per 
Acre  Dally. 

Period. 
1S9S. 

Per  Cent. 

of  Albuminoid 

Ammonia  In 

Applied  Water 

which 

Appeared  in 

Effluents. 

Percent. 

which  Oxygen 

Consumed  In 

Effluents  waa 

of  that  In 
Applied  Water. 

37,  . 

38,  . 
30,     . 

42,     .        .        . 

44 

46,     . 

44 

.20 
.20 
.20 
.20 
.29 
.29 
.29 

66 

20 

1 

10 
60 
12 
60 

2.6 
1.8 
1.8 
1.8 
2.6 
2.9 
6.7 

May  and  June. 
May  and  Jane. 
May  and  June. 
May  and  June. 
May  and  June. 
Oct.  and  Nov. 
Oct.  and  Nov. 

46. 
46. 
47. 
47. 
64. 
49. 
49. 

81. 

81. 
78. 
86. 
74. 
80. 
80. 

There  was  practically  no  difference  in  the  power  of  removal  of 
organic  matter  from  the  river  water  by  the  several  filters  of  each 
series.  It  is  to  be  remembered  that  in  addition  to  the  sand  each 
filter  contained  5  inches  of  underdrains. 

In  1892  the  results  obtained  from  the  first  series  of  filters  indicated 
that  the  deeper  were  somewhat  more  effective  than  the  shallower 
filters.  It  is  believed  that  the  1893  data  are  fairer  because  they  were 
obtained  under  strictly  comparable  conditions. 
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Effect  of  the  Method  of  Application  of  Water. 

In  the  Annual  Report  of  the  Board  for  1892  (page  466)  it  was 
shown  that  there  was  practically  the  same  amount  of  free  and  albu- 
minoid ammonia  in  the  effluents  of  the  continuous  and  the  intermit- 
tent filters.  The  nitrates,  however,  were  higher  in  the  effluents  of 
the  latter. 

It  is  to  be  again  stated  that  it  is  necessary  to  consider  the  differ- 
ent methods  practised  in  running  the  intermittent  filters,  and  the 
peculiar  features  of  each.     In  this  connection  see  page  472. 

Nearly  all  of  the  samples  of  effluents  of  intermittent  filters  analyzed 
during  1892  were  collected  within  two  or  three  hours  of  the  time 
when  the  effluent  began  to  flow  after  the  interval  of  rest.  The 
results  of  the  analyses  of  more  extended  series  of  samples  col- 
lected during  different  hours  of  the  day  in  1893  show  that  such 
samples  in  a  majority  of  cases  are  not  representative  with  respect  to 
the  nitrates  in  the  case  of  the  effluents  of  intermittent  filters  under 
the  existing  method  of  operation.  The  variations  are  shown  by  the 
representative  analysis  given  below  of  samples  from  No.  41,  taken 
on  September  20.  This  filter  was  operated  sixteen  hours  a  day  with 
the  faucet  below  always  open  and  untrapped,  the  rate  regulated  at 
the  top  and  the  filter  allowed  to  drain  during  the  remaining  hours. 


[Parts  per  100,000.] 


Hour. 

Gallons 
patted 
tinee  In- 
terval of 
Rett. 

Color. 

Ammovia. 

Chlo- 
rine. 

NmtOGEW  At 

Oxygen 

Efplcbht  ur 

FlLTKR  NUMBKS 

Free. 

Albu- 
minoid. 

Nitrates. 

Nitrites. 

Con- 
tained. 

41,      .        , 

»                • 

8.52  a.m. 

1 

.18 

.0010 

.0064 

.22 

.0200 

.0000 

.21 

41,      .        . 

»               • 

0.12  A.X. 

8 

.18 

.0012 

.0076 

.22 

.0330 

.0000 

.21 

41,      .        , 

• 

11.20  p.x. 

22 

.19 

.0014 

.0002 

.22 

.0810 

.0000 

.22 

41,      . 

»                • 

1.30  p.x. 

40 

.20 

.0020 

.0106 

.22 

.0290 

.0000 

.22 

41,      . 

►                • 

3.06  p.x. 

62 

.20 

.0022 

.0100 

.22 

.0240 

.0000 

.22 

41,      .        . 

»                • 

6.06  p.x. 

70 

.20 

.0022 

.0002 

.22 

.0230 

.0000 

.23 

33  A, 

i               • 

0.14  A.X. 

- 

.22 

.0018 

.0090 

.22 

.0280 

.0000 

.24 

Applied  water, 

10.25  A.X. 

- 

.36 

1 

.0064 

.0168 

.22 

.0160 

.0000 

.42 

While  it  is  seen  that  there  is  a  marked  variation  during  the  day 
in  the  nitrates  of  the  effluent  of  this  intermittent  filter  under  these 
conditions  of  operation  there  is,  under  ordinary  circumstances,  sub- 
stantially no  change  in  the  effluent  of  continuous  filters.     This  is 
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shown  by  the  following  table  in  which  are  given  the  average  results 
of  three  sets  of  samples  collected  at  9  a.m.  and  3  p.m.  from  the  efflu- 
ent of  No.  33  A  the  mate  of  Xo.  41. 


[ParU  per  100,000.] 


Color. 

Ammoxia. 

i 

i 

Chlorine. 

NlTBOOB*  AS 

Oxyftn 

HODB. 

j     Frte. 

Albuminoid. 

Nitrate*. 

Nitrite*. 

Con* 
tamed. 

V  A«JK*y        •                 •                 •                 • 
O  P«JK»y       •               •               •               • 

.27 
.28 

.0017 

.0019 

1 

.0110 
.0110 

.20 

.20 

i 

.0250 
.0250 

.0000 
.0000 

.29 
•St 

In  the  table  below  are  given  the  average  results  obtained  in 
October  and  November  from  the  effluent  of  four  pairs  of  continuous 
and  intermittent  filters.  The  intermittent  filters  were  operated  six- 
teen hours  daily,  six  days  in  a  week,  with  the  outlets  untrapped  and 
closed  while  the  filters,  after  draining,  were  filled  with  water  from 
the  top.  After  the  air  was  driven  from  the  pores  and  the  surface 
covered  the  outlet  gate  was  opened  to  give  the  prescribed  rate  of 
flow.  Samples  were  collected  at  different  hours  during  the  day  from 
the  effluent  of  the  intermittent  filters,  and  it  is  believed  that  the 
results  below,  which  correspond  to  the  results  of  the  analyses  of 
samples  collected  four  to  six  hours  after  the  period  of  rest,  are 
representative  for  the  period. 

Continuous  Filters. 


Ncmbbb  or  Filter. 

Effective 

Size  of  Kand 

Grain. 

Millimeter. 

Average  Kate  of 
Filtration. 

Million  (jallona 
per  Acre  Daily. 

Per  Cent 
of  Albuminoid 

Ammonia  in 
Applied  Water 
which  appeared 

In  Effluent. 

Per  Cent,  of 

Oxygen 

Conaumed  In 

Applied  Water 

which  Appeared 

In  Effluent. 

Xitrojren  as 
ftltratea. 

(Parte  per 
100,000.) 

33  /Lt       .... 
43|  ..... 
4*>t   ..... 
49, 

.14 

.26 
.29 

2.4 
6.2 
6.7 
4.0 

44. 

40. 
49. 
49. 

76. 

78. 
80. 

78. 

.0240 
.0240 
.0240 
.0220 

Intermittent  Filters. 


4l|  •         •         .         .         . 

.14 

1.7 

45. 

78. 

.0250 

49,  .         .         .         •         . 

.23 

2.7 

50. 

76, 

.0220 

2.7 

50. 

76. 

.0200 

§"|      •                  •                  •                   •                  • 

.88 

2.4 

57. 

80. 

•0220 
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These  results  indicate  that  during  these  months  there  was  practi- 
cally no  difference  in  the  average  chemical  purification  effected  by  the 
continuous  and  intermittent  filters  under  existing  conditions  of  oper- 
ation. The  most  substantial  confirmation  of  this  is  that  Filters  Nos. 
33  A  and  41,  a  pair  which  had  been  operated  over  a  year  and  a  half, 
contained  substantially  the  same  amount  of  organic  nitrogen  in  the 
sand  on  December  8,  at  the  end  of  the  period  covered  by  the  analy- 
ses presented  above.  The  amount  of  organic  matter  in  the  sand 
removed  by  scraping  was  also  the  same  (see  tables,  pages  484-486). 

During  the  period  of  rest  (8  hours)  in  the  intermittent  filters  for 
the  greater  part  of  the  year  there  was  increased  nitrification  of  the 
organic  matter  stored  in  the  sand ;  when  water  was  again  applied  the 
nitrates  formed  during  the  period  of  rest  were  gradually  washed  out, 
giving  a  higher  quantity  for  several  hours  than  is  found  in  the  efflu- 
ents of  continuous  filters.  After  a  time,  depending  upon  the  rate 
of  flow,  these  high  nitrates  fall  to  the  normal.  The  reason  that  the 
continuous  filtration  of  water  is  successful,  while  with  sewage  this 
method  is  a  failure,  is  that  the  applied  water  contains  dissolved 
oxygen  and,  as  will  be  seen  from  the  table  (page  482),  the  dis- 
solved oxygen  in  the  effluents  of  the  continuous  filters  has  never 
been  found  wanting.  It  is  to  be  remembered  in  this  connection 
that  it  was  shown  in  the  Special  Report  upon  Purification  of  Sew- 
age and  Water,  1890,  page  730,  that  a  small  amount  of  oxygen  (1 
to  3  per  cent.)  in  the  air  of  the  filter  was  effective,  provided  the 
air  was  changed  so  often  that  some  oxygen  was  always  present  at 
every  point. 

The  results  presented  above  are  for  the  fall  months,  and  it  is  be- 
lieved that  they  are  representative  for  the  spring  months  also.  But 
the  evidence  at  hand  indicates  that  the  results  are  different  in  the 
warmest  summer  weather  and  in  the  severest  winter  weather. 

In  mid-summer  the  conditions  for  nitrification  appear  to  be  the 
most  favorable  both  in  continuous  and  intermittent  filters  but  it  is 
more  marked  in  the  case  of  the  latter.  This  is  brought  out  by  the 
following  table  of  monthly  averages  of  effluents  of  Filters  Nos.  33  A 
and  41  and  by  a  series  of  analyses  of  the  effluents.  It  will  be  noted 
that  high  nitrates  in  the  effluent  of  the  intermittent  filter  (outlet 
untrapped  and  kept  wide  open)  were  found  when  the  quantity  of 
effluent  yielded  after  the  period  of  rest  exceeded  the  quantity  of 
water  held  in  the  pores  of  the  sand.  In  the  case  of  the  continuous 
as  well  as  of  the  intermittent  filter  the  effluent  contained  at  times 
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more  nitrogen  than  the  applied  water,  showing  a  removal  of  organic 
matter  stored  in  the  sand.  In  most  instances  the  samples  from 
No.  41  were  collected  at  2  p  m.  when  series  of  samples  were  not  taken. 

Monthly  Averages  of  Chemical  Analyses. 

[Parte  per  100,000.] 

June,  1893. 


Color. 

Ammonia. 

!        j 

Chlorine,  j 

1 

Niteogev  a« 

Oxygen 

Free. 

Albuminoid. 

Nitrates. 

Nitrites. 

Coo- 
tamed. 

Effluent  of  Filter  No.  88  A, 
Effluent  of  Filter  No.  41, . 
Applied  water,  . 

.28 
.80 
.87 

.0011 
.0014 
.0076 

.0087 
.0104 
.0222 

.16 
.16 
.17 

.0885 
.0256 
.0180 

.0000 
.0000 

.0000 

.29 
.80 

.40 

July,  1893. 


Effluent  of  Filter  No.  83  A, 

.22 

.0016 

.0006 

.19 

.0347 

.0000 

.21 

Effluent  of  Filter  No.  41, . 

.21 

.0027 

.0106 

.20 

.0407 

.0000 

.22 

Applied  water, . 

.86 

.0100 

.0250 

.19 

.0200 

.0002 

.84 

August,  1893. 


Effluent  of  Filter  No.  S3  A, 

.17 

.0028 

.0098 

.20 

.0297 

.0013 

.16 

Effluent  of  Filter  No.  41, . 

.17 

!      .0018 

.0097 

.20 

.0364 

.0000 

.16 

Applied  water,  . 

.29 

1      .0103 

.0268 

.20 

.0180 

.0001 

1 

.28 

Results  of  a  Series  of  Chemical  Analyses  on  August  22, 1893. 

[Parts  per  100,000.] 


Hour. 

Color. 

|       Ammonia. 

• 

« 
c 
"C 

Nitrogen  as 

°5 

i 

1    Free. 

Albu- 
minoid. 

Nitrates. 

Nitrites. 

» 

9.50  a.m. 

.18 

I 

1     .0032 

.0088 

.21 

.0490 

.0008 

.18 

Effluent  of  Filter  No.  41  (Inter 
mittent) . 

1.25p.m. 

.19 

!     .0032 

.0116 

.21 

.0530 

.0000 

.16 

b 

8.12p.m. 

.19 

1     .0014 

.0086 

.21 

.0520 

.0000 

.14 

Effluent  of  Filter  No.  83  A  (con-  f 

10.20a.m. 

.19 

j     .0016 

.0106 

.21 

.0330 

.0000 

.16 

tiouou*).                                     j 

2.17P.M 

.19 

1     .0012 

I 

.0118 

.21 

.0290 

.0014 

.17 

Applied  water,      .... 

2.05  p.m. 

.28 

1     .0070 

.0260 

.21 

.0190 

.0004 

.29 

The  above  results  obtained  in  the  warmest  weather  indicate  with 
regard  to  nitrification  that,  under  the  existing  conditions  of  opera- 
tion, the  advantage  lies  with  the  intermittent  filters.     During  the 
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winter  months,  with  another  pair  of  filters,  Nos.  3  B  and  8  A,  the 
advantage  lay  with  the  continuous  filter,  as  shown  by  the  following 
table  of  monthly  averages.  No.  3  B  was  operated  intermittently,  — 
drained  8  hours  daily,  outlet  untrapped  and  closed  while  filling; 
No.  8  A,  continuously.  The  analyses  were  made  of  mixed  samples 
collected  in  portions  at  different  hours  during  the  day  and  are  believed 
to  be  representative. 

Monthly  Averages  of  Chemical  Analyses. 

[Parte  per  100,000.] 

December,  1893. 


Color. 

Ammokia. 

Chlorine. 

XlTIOGK*  AS 

Oxygen 
Con- 
tamed. 

Free. 

Albuminoid. 

Nitrate*. 

Nitrites. 

Effluent  of  Filter  No.  8  B, 
Effluent  of  Filter  No.  8  A, 
Applied  water,  . 

.88 
.87 

.44 

1 

.0029 
.0021 
.0057 

.0121 
.0117 
.0177 

.20 
.20 
.20 

.0190 
.0220 
.0160 

.0000 
.0000 
.0000 

.42 
.80 
.49 

January,  1894. 


Effluent  of  Filter  No.  8Bf 

.88 

.0021 

.0117 

.21 

.0260 

.0000 

.86 

Effluent  of  Filter  No.  8  A, 

.87 

.0016 

.0116 

.21 

.0800 

.0000 

.85 

Applied  water,  .       .       . 

.43 

.0055 

.0164 

.21 

.0150 

.0001 

.41 

February,  1894. 


Effluent  of  Filter  No.  3  B, 

.34 

.0018 

.0107 

.22 

.0270 

.0000 

.86 

Effluent  of  Filter  No.  8  A, 

.32 

.0017 

.0106 

.22 

.0810 

.0000 

.88 

Applied  water,  .        .       • 

.40 

.0068 

.0160 

.22 

.0180 

.0001 

.42 

March,  1894. 


Effluent  of  Filter  No.3B, 

.40 

.0014 

.0096 

.16 

.0180 

.0000 

.85 

Effluent  of  Filter  No.  8  A, 

.89 

.0016 

.0102 

.15 

.0180 

.0000 

.84 

Applied  water,  . 

.47 

.0040 

.0193 

.15 

.0180 

.0001 

.46 

The  differences  in  nitrification  were  most  marked  in  January  and 
February  and  disappeared  in  March.  The  reason  of  this  is  not  yet 
fully  understood,  but  it  is  possible  that  the  daily  exposure  of  the 
surface  of  No.  3  B  where  most  of  the  organic  matter  is  stored,  to  the 
cold  atmosphere  and  the  occasional  formation  of  frost,  may  have  in- 
terfered with  the  bacterial  activity  necessary  for  nitrification.     It  i& 
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significant  that  series  of  samples  taken  at  frequent  intervals  daring 
the  day  from  the  effluent  of  No.  3  B  showed  no  marked  variations  in 
amount  of  nitrates  during  the  cold  weather,  but  in  April  the  series 
were  similar  to  those  obtained  from  No.  41  on  September  20,  1893, 
and  which  were  presented  on  page  477. 

While  considerable  light  has  been  obtained  upon  this  subject  it  is 
still  necessary  to  hare  additional  data  before  we  can  draw  final  con- 
clusions as  to  the  relative  merits  of  the  two  methods  as  well  as  to  the 
best  way  of  operating  a  filter  intermittently. 


Dissolved  Oxygen  in  the  Effluents. 
In  the  table  below  is  given  the  average  amount  of  dissolved  oxygen 
in  the  applied  river  water  and  in  the  effluents  of  the  several  filters. 
Id  no  case  was  an  absence  of  oxygen  noted  in  the  effluents  of  con- 
tinuous filters.  The  effluents  of  the  intermittent  filters  contained 
much  more  oxygen  than  did  the  effluents  of  continuous  filters,  and 
during  midsummer  the  amount  was  in  excess  of  that  in  the  applied 
water.  The  analyses  were  made  about  four  hours  after  the  expira- 
tion of  the  period  of  rest  in  the  intermittent  filters,  and  it  is  probable 
that  the  quantity  became  less  as  the  filter  continued  in  operation. 

Per  Cent,  which  the  Oxygen  dissolved  in  the  Applied  Water  and  Effluents  was  of 
that  necessary  for  Saturation  at  actual  Temperatures. 
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The  Removal  or  Color  from  Water  by  Filtration. 

The  per  cent,  of  color  of  the  applied  water  which  appeared  in  the 
effluents  of  those  filters  started  in  1892  was  shown  in  the  Annual 
Report  for  that  year  to  be  55,  on  an  average,  after  there  had  been 
filtered  400,000,000  gallons  of  water  per  acre.  In  1893,  after 
800,000,000  gallons  per  acre  had  been  filtered,  the  average  amount 
of  color  in  the  effluents  was  65  per  cent,  of  that  in  the  applied 
water. 

The  filter  two  feet  deep  (No.  38)  was  as  efficient  as  those  five 
feet  deep. 

The  filters  constructed  in  1893  contained  sand  from  Gale's  Hill,  a 
different  source  from  that  used  for  the  earlier  filters.  This  sand  was 
also  used  for  the  Lawrence  city  filter.  While  in  the  earlier  filters  it 
was  found  that  the  sand  was  most  effective  in  removing  color  when 
new,  the  sand  from  Gale's  Hill  removed  practically  none  at  first  but 
gradually  acquired  this  power,  although  apparently  to  a  somewhat 
less  extent  than  was  possessed  by  the  sand  used  in  1892  for  filling 
filters. 

The  mineral  analyses  of  the  two  sands  are  as  follows :  — 

No.  38  (1892)  sand  contained  98.70  per  cent,  of  material  in- 
soluble in  strong  sulphuric  acid  kept  at  the  boiling  temperature  for 
two  hours ;  0.75  per  cent,  of  alumina ;  0.30  per  cent,  oxide  of  iron 
and  0.02  per  cent,  oxide  of  manganese. 

Gale's  Hill  (1893)  sand  contained  97.70  per  cent,  of  material  in- 
soluble in  strong  sulphuric  acid  kept  at  the  boiling  temperature  for 
two  hours  ;  0.96  per  cent,  of  alumina ;  0.54  per  cent,  oxide  of  iron 
and  0.13  per  cent,  oxide  of  manganese. 


484 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc 


Number  of  Bacteria  and  Amount  of  Nitrogen  found  in  the 
Sand  of  the  Several  Water  Filters,  December  8,  1893. 

On  this  date,  after  the  filters  had  drained  twenty-four  hours, 
numerous  samples  of  sand  at  different  depths  were  taken  from  each 
filter  and  analyzed  chemically  and  bacterially,  with  results  as  fol- 
lows :  — 


NUMBBB 

OP 
FlLTKB. 


Depth. 
(Inches.) 


Method 
of  Operation. 


Length  of  Time 
In  Operation. 


Minion 
GaUoni  per 

Acre 

Filtered  to 

Date. 


Arerage 
II  amber  of 

Bacteria 

In  8and  per 

Oram. 


Original 

Nitrogen  m 

Sand. 

(Part*  per 
100,0rf) 


Increase  of 
nitrogen 

In  "     ■" 


100,000.) 


18  A,  . 

00 

88  A,  . 

00 

88,   . 

24 

41,   . 

00 

42,   . 

12 

43, 

00 

44,   . 

00 

46,   . 

00 

46, 

12 

47,   . 

00 

48,   . 

00 

40.   . 

00 

Intermittent. 

Continuous. 

Continuous. 

Intermittent. 

Continuous. 

Contlnaoas. 

Continuous. 

Intermittent. 

Continuous. 

Intermittent. 

Intermittent. 

Continuous. 


4  years,  2  months. 
1  year,  7  months. 
1  year,  7  months. 
1  year,  7  months. 
1  year,  1  month. 
7  months. 

7  months. 
6  months. 
4  months. 

8  months. 
8  months. 
8  months. 


1,037 

78,000 

1.0 

1,188 

82,200 

0.8 

1,002 

213,600 

1.8 

948 

87,000 

0.8 

731 

120,400 

1.8 

007 

130,600 

0.8 

028 

201,500 

0.8 

849 

62,600 

0.8 

287 

201,600 

0.8 

241 

98,600 

0.8 

201 

98,600 

0.8 

823 

61,600 

0.8 

2.90 
1.24 
2.97 
1.M 
S.78 
1.12 
1.47 
1.26 
2.53 
1.20 
0.46 
1.84 


*  The  organic  nitrogen  was  calculated  as  ^  of  the  albuminoid  ammonia  doubled* 


Upon  dividing  the  deep  filters  into  two  classes,  according  to  the 
method  of  application  of  water,  and  summarizing  the  data,  it  is  found 
that  the  intermittent  filters  contained  108  bacteria  per  gram  and 
an  increase  in  nitrogen  of  .0021  part  per  100,000  for  each  million 
gallons  of  water  filtered  per  acre ;  while  for  the  continuous  filters 
these  figures  become  122  and  .0016,  respectively.  It  is  probable 
that  somewhat  different  results  would  be  obtained  in  mid-summer. 

In  the  next  tables  the  results  of  the  analyses  of  the  sand  from 
the  several  filters  are  presented  with  greater  detail.  It  is  to  be 
stated  that  the  method  followed  until  September,  1893,  of  scraping 
the  filters  and  not  replacing  the  sand  removed,  until  the  depth  was 
decreased  6  to  12  inches,  caused  greater  irregularities  than  would 
have  been  the  case  if  the  sand  removed  had  always  been  replaced 
with  clean  material  at  the  time  of  scraping. 
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Number  of  Bacteria  per  Oram  found  in  the  Sand  at  Different  Depths,  Dee.  8,1893. 


„„.„„,„„.. 

ISA. 

MA. 

as. 

... 

„. 

4*. 

Detenbenleet  temped,     . 

Oct.  ». 

Not.  23. 

Dec.*. 

Dec.  7. 

Dm.  3. 

Dm.T. 

Upper  qnerlerlnch, 

Upper  Inch. 
Upper  eli  Inebee, 
Upper  foot,  . 
Second  tool. 
Third  toot,  . 

Fifth  foot,    . 

l.Ko.ooO 
1,300.000 
410,000 

287,000 

n.ooo 
37,000 

13,000 
10,000 

707,000 
080,000 

103,900 

108,000 
1«,M» 

11,600 
11,500 

3,430,000 
3,070,000 
731,100 
I0O.SOO 

oi  400 

1,700,000 
1, 0*0,300 
301,100 
111,000 

23, W0 
13,000 
3.TO0 

1,140,000 
1,041,000 

t».ioo 

130,400 

0,300,000 

o/wa.ioa 

1,007,000 
•70,000 
B»,700 

10,800 

IS,  100 

31,200 

Number  of  Bacteria  per  Oram  found  in  the  Sand  at  Different  Depths,  Dec.  8, 
1893— Concluded. 


44. 

... 

... 

47. 

48. 

M. 

Date  when  luttereped, 

Dm 

'■ 

Dee.  3. 

Dm.  3. 

Dm  t. 

Deo.  S. 

Dm.  7. 

Upper  eli  inches, 
Upper  foot.  .       . 

Tblrd  fool.  . 

Flfih  foot,     . 

131 
110 
11 

300 
000 
000 
MO 

ooo 

I0O 

1 58.300 

15,100 
K.100 
K1.100 

1,870.000 
803,300 

SS.80O 
40,600 
18,900 
40,800 

1,172,800 

380,700 
23,000 
18,000 
30,000 

830,000 
821,600 
1*1,800 
181,100 
81,100 
84,000 
30,000 

Amount  of  Nitrogen  stored  in  the  Sand*  at  Different  Depth*,  Dec.  8, 1893. 

[Peru  par  100,000  by  wolgbt  of  dry  tend] 


•  Nitrogen  to  orlglneJ  tend  deducted, 
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Considerable  attention  was  given  to  the  species  of  bacteria  found 
in  the  sand  at  different  depths  in  Filters  Nos.  33  A,  41,  44  and  47. 
No  very  marked  characteristics  with  respect  to  the  distribution  of 
the  species  of  bacteria  could  be  found  in  the  samples  of  sand  from 
the  different  sources.  The  presence  of  at>out  fifteen  species  was 
noted. 

In  the  following  table  are  given  the  results  of  chemical  and 
bacteriological  analyses  of  representative  samples  of  the  clogged 
sand  removed  from  the  surfaces  of  the  filters  by  scraping. 

The  number  of  bacteria  per  gram  in  these  samples  was  found  to 
be  somewhat  less  than  in  samples  just  below  the  surface,  as  will  be 
seen  from  the  tables  above.  The  reason  of  this  appears  to  arise 
from  the  difficulty  with  which  the  bacteria  are  detached  from  the 
grains  which  are  so  thickly  coated  with  the  accumulation  of  gelati- 
nous organic  matter.  From  this  it  will  be  understood  that  the  merit 
of  determinations  of  bacteria  in  sand  lies  in  their  value  for  com- 
parison and  not  as  absolute  determinations. 


NCXBBB  OP  FlLTUL 


Average 

Number 

of  Bacteria  in 

Sand  per 

Oram. 


83  A, 

84  A 

86  A 

86A 

38, 

89, 

41 

42 

43, 

44 

45, 

Totals  and  averages,      .       .       . 


820,000 
880,000 
860,000 
900,000 
1,600,000 
680,000 
640,000 
900,000 
910,000 
840,000 
640,000 


800,000 


Number 

of  Analjiei 

made. 


4 

10 


Average  Quantity 

of  Nitrogen  In 

Sand. 

(Parts  per  100,000 

ot  Weight 

of  Dry  Sand.) 


Number 

of  AnaljMt 

made. 


28.9 
83.6 
26.6 
82.2 
80.6 
26.8 
28.8 
28.8 
42.8 
22.1 
17.4 


27.8 
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The  Relation  between  Construction  and  Operation  of  Filters 
and  the  Quantity  of  Sand  scraped  from  the  Surfaces 
to  relieve  clogging. 

The  data  obtained  in  1893  upon  this  point  are  summarized  in  the 
table  below.  These  results  cover  the  period  May  to  November,  in- 
clusive. As  far  as  can  be  judged  from  the  analyses  of  the  applied 
water,  it  is  believed  that  they  are  representative  for  the  entire 
year.  The  increased  viscosity  of  the  water  during  the  winter 
months,  other  conditions  being  equal,  would  probably  reduce  some- 
what the  quantities  of  water  filtered  between  scrapings. 

The  depths  of  sand  removed  were  calculated  in  each  case  from  the 
weight  of  the  sand.  It  will  be  seen  that  in  the  case  of  those  ex- 
perimental filters  having  a  maximum  loss  of  head  of  70  inches  the 
volume  of  sand  removed,  per  million  gallons  of  water  filtered,  was 
in  many  cases  approximately  the  same. 


Summary  of  Results  of  Scraping  of  Water  Filters,  May  to  November,  1893. 


Number  of 
Filter. 


Effective 

Sire 

of  Sand 

Grain. 

Milli- 
meters. 


Approxi- 
mate 

Depth  of 
Band. 

Inches. 


Maximum 
Lots  of 
Head. 

Inches. 


Method 
of  Operation. 


Number 

of 
Scrapings. 


Average 
Depth 

Bemored 
at  each 

Scraping. 

Inchea. 


Average 
Quantity 
of  Water 
Filtered 
per  Acre 
between 
8craplngs. 

Gallons. 


Volume  of 

Band 

Removed 

per  Million 

Gallons. 

Cnblo 
Yards. 


33  A,. 

34  A,. 

35  A,* 

36  A,* 
37,* 
38, 
39,* 
41, 
42, 
43, 
44, 
45, 
46, 
47, 
48, 
49, 


.14 
.09 
.20 
.20 
.20 
.20 
.20 
.14 
.20 
.26 
.29 
.23 
.29 
.29 
.38 
.88 


60 
46 
48 
48 
65 
20 
1 

00 
10 
60 
60 
60 
12 
60 
60 
60 


70 
70 
70 
70 
70 
86 
28 
70 
23 
70 
70 
70 
23 
70 
70 
70 


Continuous. 

8 

Continuous. 

17 

Intermittent. 

8 

Continuous. 

7 

Continuous. 

1 

Continuous. 

18 

Continuous. 

14 

Intermittent. 

8 

Continuous. 

24 

Continuous. 

16 

Continuous. 

18 

Intermittent. 

4 

Continuous. 

9 

Intermittent. 

2 

Intermittent. 

1 

Continuous. 

4 

.12 
.26 
.21 
.20 
.17 
.16 
.19 
.16 
.26 
.80 
.28 
.26 
.45 
.88 
.82 


49,000,000 
14,000,000 
92,000,000 
86,000,000 
141,000,000 
22,000,000 
18,000,000 
66,000,000 
19,000,000 
67,000,000 
70,000,000 
78,000,000 
29,000,000 
100,000,000 
181,000,000 
79,000,000 


.68 

1.18 

.86 

.82 

.19 

1.08 

1.66 

•48 

1.11 

.68 

.68 

.48 

1.18 

.60 

.86 

.68 


*  Nos.  35  A  and  36  A  were  complicated  by  loam  layers.  No.  87  was  scraped  but  once,  and  during 
a  portion  of  the  period  channels  were  formed  at  the  sides.  For  a  short  time  Nos.  36  A  and  89  were  run 
intermittently,  while  No.  35  A  was  operated  continuously  for  a  brief  period. 
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Conclusions. 

1.  The  frequency  of  scraping  increases  with  the  fineness  of  the 
material  and  as  the  available  head  decreases. 

2.  The  intermittent  filters  under  the  existing  methods  of  opera- 
tion required  scraping  less  frequently  than  the  continuous  filters  of 
the  same  construction,  owing  chiefly  to  a  disturbance  of  the  surface 
sand  by  the  air  which  is  driven  from  the  pores  of  the  filter. 

3.  These  results  confirm  the  conclusions  drawn  from  the  studies 
in  1892,  except  with  regard  to  the  effect  of  the  method  of  applica- 
tion of  water.  This  discrepancy  is  doubtless  explained  by  the  fact 
that  Filters  Nos.  35  A  and  41  in  1892  contained,  a  foot  or  less  from 
the  surface,  loam  layers,  which,  together  with  the  method  of  opera- 
tion then  practised,  prevented  much  air  from  escaping  at  the 
surface. 

4.  As  the  filters  grow  old  the  sand  becomes  more  compact. 
This  compactness  and  the  accumulation  of  matter  from  the  water 
give  the  effect  of  a  finer  material,  requiring  more  frequent  scraping. 
(Filters  Nos.  33A  and  41  were  disturbed  to  a  depth  of  one  foot  in 
July,  1893,  while  No.  34  A  was  not  treated  in  this  manner.) 

The  Water  taken  from  the  Merrimack  River  and  applied 

to  the  Experimental  Filters. 

Water  taken  from  the  Merrimack  River  has  been  applied  to  all  of 
the  water  filters,  and  is  brought  through  a  two-inch  galvanized  iron 
pipe,  about  four  hundred  feet  long,  from  the  north  canal  of  the  Essex 
Company.  The  water  is  substantially  the  same  as  the  river  water 
above  Lawrence,  which  is  applied  to  the  city  filter.  The  turbidity, 
sediment  and  odor  are  usually  very  slight,  but  after  heavy  rains  and 
during  the  spring  freshets  the  turbidity  and  sediment  become  very 
marked.  The  results  of  analyses  are  given  in  the  two  tables  below. 
In  the  first  table  are  given  the  analyses  of  the  water  as  it  was  drawn 
from  the  pipe.  From  May  12  until  the  discontinuance  of  the  ex- 
periments, December  8,  cultures  of  B.  prodigiosus,  together  with 
the  food  on  which  these  germs  grew,  were  applied  to  the  water  which 
supplied  the  several  filters,  for  ten  hours  each  day.  The  results  of 
analyses  of  the  water  after  its  inoculation  with  these  germs  are  given 
in  the  second  table. 


No.  34.]  FILTRATION  OF  WATER. 

Monthly  Averages  of  Analyses  of  Canal  Water  (Merrimack  River).' 

[I'.rU  per  100,000.] 


Monthly  Averages  of  Weekly  Analysts  of  Water  as  applied  to  Fillers. 
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Detailed  Account  of  the  Work  of  the  Several  Water 

Filters  in  1893. 

The  remaining  pages  contain  a  summary  of  the  weekly  averages 
of  all  bacterial  results,  followed  by  a  brief  description  of  the  opera- 
tion of  each  filter  and  monthly  averages  of  both  chemical  and  bac- 
terial analyses.  One  bacterial  sample  was  examined  daily  from  each 
effluent  from  January  until  May.  These  results  are  more  or  less 
abnormal  because  the  conditions  existing  in  the  filters  were  abnormal 
from  time  to  time.  This  was  caused  partly  by  the  formation  of 
channels  at  the  sides  of  the  iron  tanks  due  to  freezing  weather,  and 
partly  to  the  evolution  of  air  by  the  water  as  it  increased  in  tem- 
perature, which  produced  channels  within  the  filters.  These  condi- 
tions were  touched  upon  in  the  1892  Report.  It  is  believed  that 
they  would  not  appear  in  large  filters  in  actual  practice.  On  ac- 
count of  these  peculiar  and  unfavorable  circumstances  the  results 
obtained  from  January  to  May  do  not  appear  in  the  foregoing 
discussion,  and  for  the  same  reason  the  experiments  were  discon- 
tinued during  the  winter  of  1893-94. 

General  Plan  of  the  Experiments. 

Beginning  May  12  B.  prodigiosus  was  regularly  applied  to  each 
filter  for  ten  hours  a  day  on  six  days  in  a  week.  The  general 
plan  of  the  experiments  was  the  same  as  during  the  preceding  year 
(see  the  1892  Report,  page  529).  A  pure  culture  of  this  species  of 
bacteria  was  obtained  by  inoculation  and  growth  for  four  days  at 
20°  C.  in  a  solution  of  one-tenth  per  cent,  peptone  and  two-tenths 
per  cent,  glucose  in  city  water.  This  solution  was  applied  to  the 
filters  in  the  proportion  of  one  part  to  three  thousand  parts  of  water, 
at  intervals  of  oue  or  two  hours  during  the  day,  according  to  the 
rate  of  filtration.  Throughout  the  experiments  four  examinations 
were  made  daily  of  each  of  the  effluents,  at  a  time  when  the  water 
from  the  applied  doses  was  passing  through  the  outlet-pipes.  The 
reasons  that  this  species  of  bacteria  was  used  are  that  it  is  easy  to 
differentiate  from  ordinary  water  bacteria  and  is  apparently  very 
similar  to  the  germ  of  typhoid  fever  [of  Eberth]  in  its  mode  of  life 
in  the  river  water. 

The  experiments  have  been  conducted  with  as  much  uniformity  as 
possible,  and  the  system  practised  has  been  substantially  the  same  as 
that  of  the  preceding  year.     Notes  of  the  slight  changes  that  have 
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been  made  will  be  found  in  the  proper  places.  When  considering 
the  depths  to  which  the  filters  were  reduced,  largely  by  scraping,  it 
is  to  be  borne  in  mind  that  this  diminution  is  partly  accounted  for  by 
settling.  In  November  most  of  the  filters  were  filled  with  water 
from  below  (in  some  cases  very  rapidly)  after  scraping,  and  this, 
together  with  the  very  high  rates  of  filtration,  increased  the  average 
number  of  bacteria  in  the  effluents. 

In  the  first  table  below  will  be  found  the  results  of  the  mechanical 
analyses  of  the  sands  in  the  various  water  filters.  The  underdrains 
were  5  inches  deep  in  each  case.  Filters  Nos.  3  B  and  8  A  are  each 
one  two-hundredth  of  an  acre  in  area  and  are  out  of  doors.  The 
other  water  filters  are  20  inches  in  diameter,  equivalent  to  one 
twenty-thousandth  of  an  acre,  and  are  all  placed  within  the  buildings. 

The  second  table  beyond  contains  the  weekly  averages  of  the  num- 
bers of  bacteria  in  the  applied  water  and  in  the  various  effluents. 
Following  this  are  brief  descriptions  and  monthly  averages  of  the 
chemical  and  bacterial  analyses  of  the  effluents  of  the  several  filters. 

The  report  ends  with  a  detailed  account  of  the  results  of  analyses 
obtained  from  the  Lawrence  city  filter  and  also  from  the  duplicate 
filters  at  the  Experiment  Station,  Nos.  3  B  and  8  A. 

Mrcltanical  Comi-ostiian  of  Materials  used  for  Water  Filters  in  1893. 


•  CnlcuUted  ru  ^  of  the  tltramlnold  H 
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The  "  effective  size  "  of  the  sand  grains  means  that  ten  per  cent,  by 
weight  of  the  grains  are  finer  than  the  diameter  given.  The  "  uni- 
formity coefficient "  is  the  ratio  A  to  B  when  the  values  of  A  and  B 
are  such  that  sixty  per  cent,  by  weight  of  the  material  is  finer  than 
A  and  ten  per  cent,  finer  than  B.  The  "maximum  rate"  is  the 
maximum  quantity  of  water,  expressed  in  million  gallons  per  acre 
daily,  which,  at  a  temperature  of  50°  F.,  will  pass  through  a  filter 
of  clean  sand  with  no  air  in  its  pores,  and  with  no  suspended  matter 
upon  its  surface  when  the  acting  bead  is  equal  to  the  depth  of  sand. 

The  sand  in  No.  48  is  the  same  as  in  No.  49 ;  No.  44  as  in  Nos. 
46  and  47  ;  No.  45  as  in  Nos.  3  B  and  8  A ;  No.  42  as  in  Nos.  35  A, 
36  A,  37,  38  and  39  ;  and  No.  41  the  same  as  in  No.  33  A. 

The  sand  in  No.  44  corresponds  quite  closely  with  the  "  No.  70" 
sand  in  the  Lawrence  city  filter,  and  No.  45  with  "  No.  50 "  sand 
in  the  city  filter. 
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Filter  No.  18  A. 

This  filter,  20  inches  in  diameter,  contains  sand  of  an  effective 
size  of  0.48  millimeter  and  has  been  in  operation  since  Sept.  17, 
1889.  The  original  depth  of  the  sand  was  62  inches.  Up  to 
January,  1891,  city  water  was  applied  in  hourly  doses,  fourteen 
hours  a  day  on  six  days  a  week,  at  the  rate  of  about  one  million 
gallons  per  acre  daily.  The  faucet  at  the  outlet  was  always  kept 
wide  open  until  Oct.  1,  1893,  and  the  rate  of  filtration  regulated  at 
the  top.  The  outlet  has  never  been  trapped.  With  the  exception 
of  a  few  scattering  days  river  water  taken  from  the  canal  has  been 
applied  since  Aug.  18,  1891.  From  January,  1891,  to  July,  1893, 
the  water  was  applied  by  an  automatic  arrangement  in  small  doses 
equivalent  to  5,000  gallons  per  acre  once  in  three  to  seven  minutes, 
days,  nights  and  Sundays,  according  to  the  rate  of  filtration.  On 
July  17, 1893,  the  siphon  attachment,  by  which  the  water  was  applied 
intermittently,  was  removed  and  the  water  applied  constantly  for 
sixteen  hours  a  day  on  six  days  in  a  week.  Beginning  October  1 
the  faucet  at  the  outlet  was  closed  at  5  a.m.  daily  after  draining  over 
night  and  the  water  applied  at  the  top  ;  after  the  surface  was  covered 
the  faucet  was  opened  below  to  give  the  desired  rate  of  filtration,  and 
the  surface  was  kept  covered  until  the  water  was  shut  off  at  9  p.m. 
With  the  exception  of  November  21  to  30  this  method  was  followed 
through  the  rest  of  the  year. 

No  sand  was  scraped  from  the  surface  until  November,  1892,  when 
it  was  necessary  to  remove  2£  inches  in  order  to  keep  the  action 
of  the  filter  intermittent.  During  the  four  years  of  its  operation 
the  surface  was  scraped  five  times  and  8  inches  of  sand  were  removed 
without  replacement ;  the  water  filtered  in  this  time  was  equivalent 
to  1,500,000,000  gallons  per  acre.  The  sand  removed  was  equiva- 
lent to  0.70  cubic  yard  per  million  gallons  of  water  filtered.  It  will 
be  seen  that  this  quantity  agrees  approximately  with  some  of  the 
results  from  other  filters  presented  on  page  487.  On  October  9 
clean  sand  was  added  and  the  filter  restored  to  its  original  depth. 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  ISA. 

{Put*  par  100,000.] 


Filter  No.  33  A. 
This  filter  was  put  in  operation  April  28,  1892,  and  contains  sand 
of  an  effective  size  of  0.14  millimeter.  The  original  depth  was  60 
inches.  The  method  of  operation  has  been  continuous,  except  from 
April  17  to  30,  1893,  and  for  a  few  days  at  irregular  intervals  dur- 
ing the  winter,  when  the  filter  was  accidentally  drained,  owing  to 
freezing  of  the  water  pipes.  The  rate  of  filtration  has  been  regulated 
by  the  faucet  at  the  outlet,  to  which  a  trap  is  attached.  From  May 
25  to  December  8  the  Alter  was  scraped  8  times,  an  average  of  once  in 
23  days.  The  average  depth  removed  at  a.  scraping  was  0.23  inch  ; 
the  average  quantity  filtered  between  scrapings  was  equivalent  to 
49  million  gallons  per  acre,  and  the  sand  removed  was  equivalent  to 
0.63  cubic  yard  per  million  gallons.  On  July  17  the  upper  foot  of 
sand  was  removed  and  replaced,  as  was  described  on  page  465.  Until 
October  6  the  sand  removed  by  scraping  was  not  replaced,  but  on 
that  date  the  depth  was  restored  from  47  inches  to  its  original  depth 
of  60  inches.  After  this  date  the  sand  was  replaced  at  the  time  of 
scraping. 
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[[■art*  par  100,000.] 


Filter  No.  34  A. 

This  filter  contained  sand  of  an  effective  size  of  0.09  millimeter, 
and  its  original  depth  was  60  inches.  It  was  operated  continuously 
after  it  was  first  put  in  operation,  April  28,  1892.  The  rate  of 
filtration  was  regulated  at  the  outlet  by  a  faucet  to  which  a  trap  was 
attached. 

From  May  12  to  September  7,  1893,  the  date  of  its  discontinuance, 
the  surface  was  scraped  17  times  to  relieve  clogging.  It  was  scraped 
on  an  average  once  in  7  days.  The  average  depth  removed  was  0.12 
inch ;  the  average  quantity  of  water  filtered  between  scrapings  was 
equivalent  to  14  million  gallons  per  acre,  and  the  sand  removed  was 
equivalent  to  1.16  cubic  yards  per  million  gallons.  The  depth  of 
sand  at  the  date  of  its  discontinuance  was  44  inches. 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  34  A. 

[Part*  per  100,000.] 


Filter  No.  35  A. 

Thia  filter  was  constructed  on  March  30,  1892,  and  contained 
sand  of  an  effective  size  of  0.20  millimeter.  The  original  depth  was 
57.5  inches,  and  1  foot  below  the  surface  was  a  layer  of  loam  1  inch 
thick.  April  17  to  30  and  July  31  to  September  6,  1893,  it  was 
operated  continuously  with  the  trap  attached  to  the  outlet  in  the 
usual  maimer.  During  the  remainder  of  the  time  it  was  operated 
intermittently,  with  the  untrapped  faucet  at  the  outlet  wide  open  and 
the  rate  regulated  at  the  top.  The  water  was  applied  sixteen  hours 
a  day  on  six  days  in  a  week.  On  July  17,  when  the  layer  of  loam 
was  less  than  3  inches  below  the  surface,  the  sand  was  taken  out 
down  to  the  loam,  which  was  removed  and  the  sand  replaced. 

From  May  24  to  September  7,  the  date  of  its  discontinuance,  the 
surface  was  scraped  three  times  to  relieve  clogging,  and  the  average 
depth  removed  was  0.25  inch.  The  average  quantity  of  water 
filtered  between  scrapings  was  equivalent  to  92  million  gallons  per 
acre.  It  was  scraped  on  an  average  once  in  33  days,  and  the  sand 
removed  was  equivalent  to  0.36  cubic  yard  per  million  gallons. 

The  depth  of  the  sand  on  September  7  was  49  inches. 
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Monthly  Averages  of  Analyses  of  Effluent,  of  Fitter  No.  35 A. 

[Put*  par  100,800.] 


Filter  No.  36  A. 

This  filter  was  constructed  on  the  same  date  and  in  the  same  man- 
ner as  No.  35  A.  It  was  operated  continuously,  except  from  April 
17  to  30  and  from  July  31  to  September  7,  when  it  was  operated 
intermittently  iu  the  same  maimer  as  No.  35  A. 

From  May  12  to  September  7, 1833,  the  date  of  its  discontinuance, 
the  surface  was  scraped  7  times  to  relieve  clogging,  and  the  average 
depth  removed  was  0.21  inch.  The  average  quantity  of  water 
filtered  between  scrapings  was  equivalent  to  35  million  gallons  per 
acre.  It  was  scraped  on  an  average  once  in  14  days,  and  the  sand 
removed  was  equivalent  to  0.82  cubic  yard  per  million  gallons. 

The  depth  of  sand  on  September  6  was  48  inches. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  36  A. 

[Pbi-w  par  100,000.] 
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Filter  No.  37. 

This  filter  was  constructed  on  April  18,  1892,  and  contained 
originally  61  inches  in  depth  of  sand  having  an  effective  size  of  0.20 
millimeter.  It  was  operated  continuously  until  June  25,  1893, 
when  the  experiment  was  discontinued,  owing  to  an  accident  which 
happened  to  the  tank. 

The  results  obtained  from  this  filter  are  more  or  less  affected  by 
evolution  of  air  from  the  water  and  the  formation  of  channels  at  the 
sides  of  the  iron  tank,  as  is  indicated  by  the  results  of  the  analyses 
below  and  by  the  fact  that  this  filter  of  medium  fine  sand  was  oper- 
ated for  more  than  three  months  during  the  winter  without  scraping. 
It  was  scraped  on  June  19  to  relieve  clogging,  and  0.20  inch  was 
removed.     The  depth  of  sand  on  this  date  was  55  inches. 

Monthly  Averages  oj  Analyses  of  Effluent  of  Filter  No.  37. 

[Part*  per  100,000.) 


Filter  No.  38. 

This  filter  contained  sand  of  an  effective  size  of  0.20  millimeter, 
and  its  original  depth  was  24  inches.  The  date  of  its  construction 
was  April  28,  1892.  It  has  been  operated  continuously  in  the 
usual  manner. 

From  May  25  to  December  4  the  surface  was  scraped  18  times  to 
relieve  clogging.  It  was  scraped  on  un  average  once  in  11  days. 
The  average  depth  removed  was  0.17  inch  ;  the  average  quantity  of 
water  filtered  between  scrapings  was  equivalent  to  22  million  gal- 
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Ions 'per  acre,  and  the  sand  removed  was  equivalent  to  1.06  cubic 
yards  per  million  gallons. 

The  sand  removed  by  scraping  was  not  replaced  with  clean  mate- 
rial until  Sept.  12,  1893.  The  depth  of  sand  was  about  14  inches 
on  that  date,  when  the  niter  was  refilled  to  its  original  depth.  From 
this  time  on  the  sand  was  replaced  at  the  time  of  scraping.  The 
addition  of  new  sand  in  September  caused  a  greater  (percentage) 
removal  of  color. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  38. 
[Puts  par  loo.ooo.] 


Filter  No.  39. 
The  filter  contained  sand  of  an  effective  size  of  0.20  millimeter. 
Its  depth  on  the  date  of  its  construction,  April  28,  1892,  was  12 
inches.  It  was  operated  continuously  up  to  Aug.  19,  1893,  the 
date  of  its  discontinuance,  with  the  exception  of  July  10  to  30,  when  it 
was  operated  intermittently  with  the  outlet  nntrapped  and  wide  open. 
The  depth  of  sand  May  1,  1893,  was  2.5  inches.  From  May  12  to 
August  19  the  surface  was  scraped  14  times  to  relieve  clogging,  and 
the  average  depth  removed  was  0.15  inch.  The  average  quantity  of 
water  filtered  between  scrapings  was  equivalent  to  13  million  gal- 
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Ions  per  acre.  It  was  scraped  on  an  average  once  in  7  days,  and 
the  sand  removed  was  equivalent  to  1.55  cubic  yards  per  million 
gallons. 

The  depth  of  sand  in  the  filter  at  the  time  the  experiment  was 
brought  to  an  end  was  about  0.5  inch.  In  addition  to  this,  how- 
ever, there  were  5  inches  of  underdrains,  some  of  the  material  of 
which  was  fairly  fine. 

Monthly  Averages  of  Analyses  of  Efflutnl  of  Filter  No.  39. 

[  P.rtj.  par  loo.ooo.] 


Filter  No.  41. 

This  filter,  a  duplicate  of  No.  33  A,  was  constructed  May  9, 1892, 
and  contained  originally  60  inches  in  depth  of  sand  of  an  effective 
size  of  0. 14  millimeter.  It  has  been  operated  intermittently,  except 
from  April  17  to  30,  with  the  outlet  untrapped.  On  July  17  the 
upper  foot  of  material  was  dug  out  and  put  back  (see  page  465). 
Up  to  Oct.  1,  1893,  the  faucet  at  the  outlet  was  kept  wide  open  and 
the  rate  of  filtration  regulated  at  the  top.  During  the  rest  of  the 
year,  except  November  21  to  30,  it  was  operated  as  follows:  the 
faucet  at.  the  outlet  was  closed  at  5  a.m.  daily,  after  the  filter  had 
been  allowed  to  drain  over  night,  and  the  water  applied  at  the  top; 
after  the  surface  was  covered  the  faucet  was  opened  at  the  outlet  to 
give  the  desired  rate  of  filtration,  and  the  surface  was  kept  covered 
until  the  water  was  shut  off  at  9  p.m. 

From  May  12  to  December  8  the  surface  was  scraped  8  times  to 
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relieve  clogging,  —  an  average  of  once  in  22  days.  The  average 
depth  removed  at  a  scraping  was  0.19  inch;  the  average  quantity 
of  water  filtered  between  scrapings  was  equivalent  to  56  million 
gallons  per  acre ;  and  the  sand  removed  was  equivalent  to  0.46 
cubic  yard  per  million  gallons. 

Until  Nov.  15,  1893,  the  sand  removed  by  scraping  was  not  re- 
placed with  new  material,  but  on  that  date  the  depth  was  restored 
from  52  inches  to  its  original  depth  of  60  inches.  After  this  date 
the  sand  was  replaced  at  the  time  of  scraping. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  41. 

[FirU  per  100,000.] 


Filter  No.  42. 

This  filter  was  started  on  Oct.  29,  1892,  and  contained  13  inches 
in  depth  of  sand  of  an  effective  size  of  0.20  millimeter.  It  has  been 
operated  continuously  in  the  usual  manner.  The  depth  of  sand  in 
May,  1893,  was  10  inches. 

From  May  12  to  December  8  the  surface  was  scraped  24  times  to 
relieve  clogging.  It  was  scraped  on  an  average  once  in  7  days. 
The  average  depth  removed  was  0,16  inch  ;  the  average  quantity  of 
water  filtered  between  scrapings  was  equivalent  to  19  million  gal- 
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Ions  per  acre ;  and  the  sand  removed  was  equivalent  to  1.11  cubio 
yards  per  million  gallons. 

The  sand  removed  by  scraping  was  not  replaced  with  clean  mate- 
rial until  September  9.  The  depth  of  aand  was  then  about  7  inches, 
and  the  filter  was  refilled  to  its  original  depth.  From  this  time  on 
the  sand  was  replaced  at  the  time  of  scraping.  The  addition  of  new 
material  in  September  caused  a  greater  (percentage)  removal  of  color. 

Monthly  Averages  of  Analyse*  of  Effluent  of  Filter  No.  42. 
[Putt  p*r  loo.ooo.] 


Filter  No.  43. 

This  filter  was  started  on  May  20,  1893,  and  contained  60  inches 
in  depth  of  sand  of  an  effective  size  of  0.26  millimeter.  It  has 
been  operated  continuously. 

From  May  20  to  December  8  it  was  scraped  16  times.  Thia  was 
an  average  of  once  in  10  days.  The  average  depth  removed  was 
0.26  inch,  and  the  average  quantity  of  water  filtered  between 
scrapings  was  equivalent  to  57  million  gallons  per  acre.  The  sand 
removed  was  equivalent  to  0.63  cubic  yard  per  million  gallons. 

The  sand  removed  up  to  October  13  was  replaced  with  clean 
material  on  that  date,  and  after  that  time  the  sand  was  replaced  al 
the  time  of  scraping. 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  43. 

I  Pun.  per  loo.ffloo . ; 


Filter  No.  44. 

This  filter  was  put  in  operation,  continuously,  May  SO,  1893,  and 
contained  60  inches  in  depth  of  sand  of  an  effective  size  of  0.29 
millimeter.  The  sand  removed  by  scraping  up  to  October  27  was 
replaced  on  that  date,  and  after  that  time  the  sand  was  replaced 
with  clean  material  at  the  time  of  its  removal. 

From  May  20  to  December  8  the  surface  was  scraped  13  times  to 
relieve  clogging,  and  the  average  depth  removed  was  0,30  inch, 
The  average  quantity  of  water  filtered  between  scrapings  wag 
equivalent  to  70  million  gallons  per  acre.  It  was  scraped  on  an 
average  once  in  13  days,  and  the  sand  removed  was  equivalent  to 
0.58  cubic  yard  per  million  gallons. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  44. 

[P.tti  per  100,000.] 
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Filter  No.  45. 

This  filter  was  constructed  July  10,  1893,  and  contained  60  inches 
in  depth  of  sand  of  an  effective  size  of  0.23  millimeter.  It  has 
been  operated  intermittently  after  the  same  method  that  was  used  in 
the  case  of  No.  41  (see  page  503).  With  respect  to  size  of  sand 
grains  it  resembles  most  closely  the  continuous  filter  No.  43. 

From  July  10  to  December  8  the  surface  was  scraped  4  times. 
This  was  an  average  of  once  in  35  days.  The  average  depth  removed 
was  0.28  inch,  and  the  average  quantity  of  water  filtered  between 
scrapings  was  equivalent  to  78  million  gallons  per  acre.  The  sand 
removed  was  equivalent  to  0.48  cubic  yards  per  million  gallons. 

The  sand  removed  up  to  October  27  was  replaced  with  clean 
material  on  that  date,  and  after  that  time  the  Band  was  replaced  at 
the  time  of  scraping. 

Monthly  Averages  of  Analyses  of  Effluent  of  FiUer  No.  45. 

[P»ruj»r  100,000.] 


Filter  No.  46. 
This  filter  was  put  in  operation  Aug.  21,  1893,  and  contained  12 
inches  of  sand  of  an  effective  size  of  0.29  millimeter.  This  sand 
was  from  the  same  lot  as  that  used  for  No.  44.  It  has  been  operated 
continuously.  From  August  21  to  December  8  the  surface  was 
scraped  9  times  to  relieve  clogging,  and  the  average  depth  removed 
was  0.25  inch.  The  average  quantity  of  water  filtered  between 
scrapings  was  equivalent  to  29  million  gallons  per  acre.  It  was 
scraped  on  an  average  once  in  11  days,  and  the  sand  removed  was 
equivalent  to  1.16  cubic  yards  per  million  gallons. 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  40. 

[Putt  pra  100,000.] 


Filter  No.  47. 

This  filter  was  put  in  operation  Sept.  8,  1893,  and  contained  60 
inches  in  depth  of  Band  of  an  effective  size  of  0.29  millimeter.  The 
sand  was  of  the  same  *ize  and  from  the  same  lot  as  that  of  No.  44. 
It  has  been  operated  intermittently  in  the  same  manner  as  No.  41 
(Bee  page  503). 

From  September  8  to  December  8  it  was  scraped  twice,  an 
average  of  once  in  42  days.  The  average  depth  removed  was  0.45 
inch,  and  the  average  quantity  of  water  filtered  between  scrapings 
was  equivalent  to  100  million  gallons  per  acre.  The  sand  removed 
was  equivalent  to  0.60  cubic  yard  per  million  gallons. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  47. 

[ParU  per  100,000.] 
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Filter  No.  48. 

This  filter  was  put  in  operation  Sept.  9,  1893,  and  contained  60 
inches  in  depth  of  sand  of  an  effective  size  of  0.38  millimeter.  It 
has  been  operated  intermittently  in  the  same  way  as  No.  41  (aee 
page  503). 

Up  to  December  8  it  was  scraped  but  once,  —  71  days  after  it  was 
first  put  in  operation.  The  depth  removed  was  0.88  inch,  which 
was  equivalent  to  0.66  cubic  yard  per  million  gallons  of  water.  The 
quantity  filtered  up  to  the  time  of  the  scraping  was  equivalent  to  181 
million  gallons  per  acre. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  48. 

[P>ru  par  100,000.] 


Filter  No.  49. 
This  filter,  a  duplicate  of  No.  48,  was  put  in  operation  Sept.  9, 
1893.  It  has  been  operated  continuously.  Up  to  December  8  the 
surface  was  scraped  4  times,  an  average  of  once  in  37  days.  The 
average  depth  removed  was  0.32  inch,  and  the  average  quantity  of 
water  filtered  between  scrapings  was  equivalent  to  79  million  gal- 
lons per  acre.  The  sand  removed  was  equivalent  to  0.53  cubic  yard 
per  million  gallons. 
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Monthly  Averages  oj  Analyses  of  Effluent  of  Filter  So.  49. 

[Putt  pet  100,000.] 


Filters  Nos.  3B  axd  8  A. 
These  filters  are  each  one  two-hundredth  of  an  acre  in  area,  and 
contain  5  feet  in  depth  of  sand  of  an  effective  size  of  0.23  millimeter. 
This  sand  was  taken  from  the  same  place  as  that  which  was  used  in 
the  construction  of  the  Lawrence  city  filter,  and  in  size  it  ia  very 
similar  to  a  large  proportion  of  the  sand  in  the  city  filter.  The 
maximum  rate  at  which  this  sand  will  allow  water  to  pass,  when  the 
acting  head  is  equal  to  the  depth  of  the  sand,  is  estimated  at 
43,000,000  gallons  per  acre  daily.  The  maximum  lose  of  head  in 
the  case  of  each  filter  is  about  73  inches- 
Filter  No.  3  B  has  been  operated  intermittently  since  Sept.  23, 
1893,  as  follows :  at  5  a.m.  the  gate  on  the  outlet  pipe,  to  which 
no  trap  has  been  attached,  was  closed,  and  the  water  turned  on  at 
the  top,  near  the  edge.  "When  the  filter  was  covered  (about  7.30 
a.m.)  the  gate  on  the  outlet  pipe  was  opened  to  give  the  prescribed 
rate  of  filtration,  and  the  surface  was  kept  covered  until  9p.m.,  when 
the  water  was  shut  off  and  the  filter  allowed  to  drain  during  the  night. 
The  filter  has  been  operated  in  this  manner  six  days  in  a  week,  and 
allowed  to  rest,  after  draining,  on  the  seventh  day.  The  rate  of  flow 
was  10  gallons  per  minute  for  about  16  hours  during  the  day.  This 
rate  is  equivalent  to  2,880,000  gallons  per  acre  daily  (24  hours). 
In  addition  to  the  quantity  of  effluent  obtained  at  this  rate  for  16 
hours  daily  there  is  the  daily  drainage  of  the  water  held  in  the  pores 
of  the  sand,  equivalent  to  about  400,000  gallons  per  acre.  On 
Feb,  27, 1894,  the  rate  was  reduced  from  10  to  8  gallons  per  minute, 
owing  to  a  lack  of  water  supplied  by  the  inlet  pipe.     The  total 
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quantity  of  effluent  yielded  up  to  May  1,  1894,  was  equivalent  to 
356,191,100  gallons  per  acre,  which  is  an  average  daily  rate  of 
1,650,000  gallons  per  acre,  or  1,925,000  gallons  for  each  of  the  six 
days  weekly  on  which  it  was  actually  operated.  The  first  occasion 
on  which  the  filter  failed  to  yield  water  at  the  prescribed  rate  was 
on  December  19,  when  the  total  quantity  of  effluent  was  equivalent 
to  153,105,500  gallons  per  acre.  The  outlet  gate  was  closed,  with 
the  surface  covered,  from  9.25  to  10.25  a.m.,  during  which  time  the 
air  that  had  been  held  in  the  pores  of  the  sand  bubbled  up  through 
the  surface  and  caused  the  water  level  to  drop  5  inches.  This  treat- 
ment was  repeated  on  Dec.  24,  1893,  Jan.  13,  15,  16  and  17,  1894. 
Ice  was  removed  from  the  surface,  in  order  to  facilitate  the  dis- 
placement of  air  by  water  within  the  filter,  as  follows  :  January  4, 
2  to  8  inches ;  January  16,  4  inches ;  February  26,  6  inches.  The 
ice  was  broken  along  the  edges  on  January  15,  when  it  was  6  inches 
thick.  The  filter  was  drained  every  night,  and  from  1  to  3  inches 
of  frost  frequently  appeared  at  the  surface  and  caused  an  unfavorable 
effect  upon  the  removal  of  bacteria  and  upon  nitrification  during 
the  winter  months  (see  pages  468  and  481).  On  Jan.  31,  1894,  a 
wooden  conduit,  similar  to  the  lateral  conduits  at  the  Lawrence  city 
filter,  was  placed  across  the  middle  of  the  surface  to  aid  in  the  distri- 
bution of  the  water.  The  filter  was  scraped  about  0.6  of  an  inch  deep 
on  March  17,  1894,  and  the  surface  ridged ;  the  depth  of  sand  at  the 
sides,  at  right  angles  to  the  conduit,  was  increased  6  inches,  and  the 
surface  graded  off  toward  the  centre,  somewhat  similar  to  the  arrange- 
ment of  the  surface  of  the  Lawrence  city  filter.  It  was  not  necessary 
to  scrape  the  surface  at  this  time  to  relieve  clogging,  as  the  loss  of 
head  was  only  18.5  inches  on  this  date.  The  total  quantity  of  efflu- 
ent up  to  this  time  was  equivalent  to  295,226,500  gallons  per  acre. 
The  discolored  and  partially  clogged  sand  removed  was  equal  to  0.27 
cubic  yard  per  million  gallons.  The  reason  that  this  filter  yielded 
so  much  more  water  without  scraping  than  No.  8  A,  its  continuous 
mate,  was  that  the  method  of  operation  practised  caused  a  dis- 
turbance of  the  accumulating  sediment  on  the  surface.  The  effect 
of  this  was  also  felt  in  the  bacterial  results,  as  will  be  seen  beyond. 

In  the  tables  on  the  pages  beyond  are  presented  the  daily  results 
obtained  from  Filters  Nos.  3B  and  8  A,  and  in  the  foot-notes  men- 
tion is  made  of  all  special  features  in  the  operation  of  the  filters. 

Filter  No.  8  A  has  been  operated  continuously  since  September 
26  at  the  rate  of  7  gallons  per  minute,  equivalent  to  2,016,000  gal- 
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Ions  per  acre  daily.  The  rate  of  filtration,  which  is  controlled  by  a 
gate  on  the  outlet  pipe  to  which  no  trap  was  attached,  was  reduced 
on  February  27  to  5  gallons  per  minute,  owing  to  a  reduction  in  the 
quantity  of  water  delivered  by  the  inlet  pipe.  The  total  quantity  of 
effluent  yielded  up  to  May  1,  1894,  was  equivalent  to  359,850,300 
gallons  per  acre,  which  is  an  average  daily  rate  of  1,660,000  gal- 
lons per  acre.  During  this  period  the  surface  was  scraped  six  times, 
as  follows:  October  24,  November  13,  December  2,  February  21, 
March  17  and  April  23.  The  depth  removed  in  each  case  was  about 
0.3  of  an  inch,  which  is  equivalent  to  0.70  cubic  yard  per  million 
gallons  on  an  average.  The  average  quantity  of  water  yielded  be- 
tween scrapings  to  relieve  clogging  was  58,200,000  gallons  per 
acre;  the  minimum,  36,900,000  gallons;  and  the  maximum,  147,- 
600,000  gallons  per  acre.  The  average  number  of  days  between 
scrapings  was  35,  the  minimum  19  and  the  maximum  81.  During 
the  latter  period  (December  2  to  February  21)  the  filter  became 
clogged  seven  times,  as  follows:  December  29,  January  16,  26  and 
29,  February  10,  12  and  19.  On  each  occasion  the  prescribed 
quantity  of  water  failed  to  pass  through  the  filter  with  the  gate  on 
the  outlet  pipe  wide  open.  The  pores  of  the  sand  at  these  times 
contained  considerable  air;  how  much  of  it  was  evolved  by  the 
water  is  not  definitely  known,  but  it  appears  now  that  the  greater 
part  came  through  the  untrapped  outlet  pipe,  which  was  only  partly 
filled  with  water  on  these  days.  By  shutting  the  gate  on  the  outlet 
pipe  the  air  rose  to  the  surface  and  disturbed  the  layer  of  accumu- 
lated sediment  sufficiently  to  allow  filtration  to  proceed  for  some 
days.  To  facilitate  the  displacement  of  air  within  the  pores  by 
water  the  ice  was  removed  as  follows :  December  29,  3  to  8  inches ; 
January  16,  2  to  8.5  inches ;  January  29,  6  inches ;  February  12,  3 
to  6.5  inches;  February  21,  2  to  6  inches.  The  ice  was  broken 
along  the  edge  on  February  10  and  19.  The  space  above  the  top 
of  the  sand  was  9  inches.  It  is  probable  that  scraping  could  have 
been  considerably  longer  postponed  by  continuing  this  method  of 
treatment.  The  filter  was  scraped  on  March  17  for  the  sake  of  get- 
ting conditions  for  experiments  comparable  with  those  in  No.  3  B. 
The  filter  was  not  clogged  on  that  date.  Neither  filter  was  at  any 
time  protected  from  the  weather. 

The  monthly  averages  of  the  results  of  chemical  and  bacterial 
analyses,  which  have  already  been  discussed,  are  presented  in  the 
following  tables :  — 


No.  34.]  FILTRATION  OF  WATER. 


Monthly  Averages  of  Analyses  of  Merrimack  River  Water  taken  from  the  Canal 
and  applied  to  Filters  Nos.  3  B  and  8  A. 


The  bacteria]  samples  in  this  and  in  the  two  following  tables  cor- 
respond as  to  time  of  collection  to  the  chemical  samples.  The 
results  of  daily  bacterial  analyses  will  be  found  beyond. 

Monthly  Averages  of  Analyses  of  Effluent  of  (Intermittent)  Filter  No.  3  B. 

[Parti  per  100,000.] 
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Monthly  Averages  of  Analyses  of  Effluent  of  {Continuous)  Filler  No.  8 A. 
[P«tt»  par  ioo/mo.] 


Monthly  Averages  of  Bacterial  Results  from  (Intermittent)  Filter  No.  3  B. 
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The  treatment  of  this  filter  on  March  17,  1894,  by  which  the  sur- 
faco  was  ridged  in  the  manner  already  described,  appeared  to  lessen 
the  mechanical  disturbance  of  the  sand  during  the  process  of  filling 
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the  filter  from  the  top,  and  thereby  increase  its  bacterial  efficiency. 
The  average  of  the  results  given  above  show  that  during  the  period 
November  to  April,  inclusive,  this  filter  allowed  2.13  per  cent,  of  the 
number  of  applied  bacteria  to  pass  through  into  the  effluent.  These 
results,  however,  cover  only  the  first  eight  hours  of  each  day's  flow, 
and  it  has  been  learned  that  during  the  latter  half  of  the  flow  (4 
p.m.  to  midnight)  the  efficiency  is  practically  the  same  or  a  very  little 
greater  than  at  4  p.m.  Averaging  then  the  results  obtained  at  4  p.m. 
with  the  total  average  for  the  first  half  of  the  day  (8  a.m.  to  4  p.m.) 
we  find  that  1.93  per  cent,  of  the  number  of  applied  bacteria  passed 
through,  —  a  removal  of  98.07  per  cent. 


Monthly  Averages  of  Bacterial  Results  from  {Continuous)  Filter  No.  8  A. 


October,     . 

November, 

December, 

January,    . 
February,  . 
March, 
April, 


DATE. 


1893. 


1894. 


Total 
Quantity  of 

Effluent 
for  Month. 

Gallons  per 
Acre. 


Bacteria    > 
ner  Cubic    i 
Centimeter 
In  Applied  i 

Water. 


63,200,400 
56,953,600 
60,958,800 

56,835,600 
40,765,200 
39,995,200 
41,141,500 


23,000 

7,900 

10,200 

7,100 

8,200 

7,700 

12,700 


Bactsbia  fbr  Cubic  Cbxtimetbb  ik 
Eeixueet. 


124 
02 

70 
83 
67 
40 


Averages,  Nov  .-April,  inclusive, 

Average  per  cent,  in  effluent  of  number  applied, 


9,000 


2,540 

3,200 

117 

117  | 

92 

117 

79 

80 

76 

73 

70 

67 

40 

41 

110 
142 

88 
72 
65 
42 


Experiments  upon  this  filter  show  that,  under  normal  conditions, 
its  efficiency  in  removing  bacteria  is  substantially  the  same  during 
the  entire  twenty-four  hours.  The  averages  given  above  include  all 
results  obtained  and  indicate  that  in  some  cases  somewhat  variable 
numbers  were  found  in  the  effluent  during  the  day.  This  is  explained 
by  the  existence  of  some  abnormal  condition  during  a  very  few  days 
in  the  month.  The  average  results  for  the  period,  November  to 
April,  inclusive,  show  that  the  effluent  contained  0.91  per  cent,  of 
the  number  of  applied  bacteria,  —  a  removal  of  99.09  per  cent. 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

Filter  No.  3B  (InUrmittetrt). 


;o  the  grid  of  Oclobai  wii  equlY*lenl  to  W, 987,0*)  gilloDt  per  10 


No.  34.]  FILTRATION  OF  WATER. 

Filler  No.  8  A  (Continuous), 


U.200,400  gallon.  p*r  UK. 

loOctoburB,  8  A.M.;  ud  October  n,»M 


518 


STATE  BOARD  OP  HEALTH.         [Pub.  Doc. 


Filler  No.  3  B  (Intermittent)  —  Continued. 


Quantity 
of  Effluent 

Bacteria  per 
Cubic 

Bacteria 

per  Cubic  Centimeter  in  Effluent. 

DATE  —  19V3* 

Gallons  per 
Acre  Dally. 

Centimeter 

in  Applied 

Water. 

8  A.M. 

i 

11  A.M. 

2  l'.M. 

4  r.M. 

November  1,    . 

i 

|        2,293,000 

6,000 

336 

300 

164 

110 

2.    . 

2,185,800 

7,600 

1         276. 

884 

187 

170 

3.    . 

2,251,000 

8,000 

|          100 

240 

198 

110 

4.    • 

2,186,400 

6,300 

102 

240 

144 

no 

5,    . 

.  ',                    0 

- 

- 

- 

- 

- 

6,    . 

i       2,225,400 

7,300 

610 

546 

250 

100 

7.    . 

2,102,800 

5,200 

396 

324 

150 

75 

8,    . 

2,200,400 

4,400 

890 

258 

98 

112 

«,    . 

2,269,800 

4,600 

294 

258 

150 

115 

10,    . 

2,197,000 

i 

5,600 

240 

145 

140 

60 

11,    . 

2,072,400 

5,100      | 

215 

296 

162 

112 

12,    . 

0 

! 
i 

1 

- 

- 

- 

13,    . 

1       2,252,200 

8,700 

i 

351 

321 

100 

120 

14,    . 

1,978,000 

i 

8,900 

294 

243 

170 

103 

15.     . 

.  i        1,986,000 

1 

4,700 

180 

128 

57 

97 

16,    . 

2,217,400 

6,900 

210 

208 

120 

65 

17,    . 

,  I       2,101,000 

i 

6,300 

170 

248 

114 

98 

18,    . 

.  i       2,270,400 

i 

6,700      I 

1         240 

i 

221 

105 

62 

10,    . 

1                     0 

- 

| 

- 

- 

- 

20,    . 

2,145,600 

8,900 

|          400 

216 

120 

140 

21,    . 

2,071,200 

8,200 

180 

60 

150 

145 

22,    . 

2,185,600 

8,200      j 

132 

180 

117 

110 

23,    .        . 

2,110,600 

18,300 

240 

190 

105 

89 

24,    .        . 

2,105,200 

10,100 

246 

270 

252 

100 

25,    . 

1       2,170,800 

11,500 

396 

360 

300 

300 

26,    . 

0 

- 

i            " 

- 

- 

- 

27,    .        . 

2,259,200 

10,500 

600 

480 

140 

124 

28,    . 

1,992,000 

9,100 

420 

480 

629 

429 

29,    .        . 

2,095,600 

12,300 

450 

230 

260 

140 

30,    . 

'       2,127,800 

6,800 

i 

634 

i 

- 

- 

Quantity  of  effluent  for  month  was  56,052,600  gallons  per  acre. 
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Filter  No.  3  B  (Intermittent)  —  Continued. 


Date  •IMS. 


December  1, 

2, 

3, 

4, 

5, 

«. 

7. 

8. 

9. 

10, 

11. 

12, 

13, 

14. 

15, 

1«, 

17, 

18, 

19, 
20, 

21, 
22, 
23, 
24, 
25, 
20, 
27, 
2S, 
29, 
30, 
31, 


Quantity 
of  Effluent. 

Gallons  per 
Acre  Dally. 


Bacteria  per1 

Cubic 
Centimeter  ,'i 
in  Applied  .< 

Water. 


Bactebia  pei  Cubic  Cextimbteb  nr  Ettlckxt. 


2,084,900 
2,055,000 

0 
1,897,800 
1,920,800 
2,043,800 
1.986,200 
2,157,800 
2,190,600 

0 
2,207,800 
2,123,000 
2,025,600 
2,086,600 
2,100,700 
2,030,600 

0 
2,254,800 
1,900,200 
1,938.400 
2,084,600 
2,103,000 
2,057,000 
1,817,600 

0 
2,017,400 
2,053,800 
2,052,000 
2,015,600 
2,069,800 

0 


r 


12,300 
15,500 

11,200 
11,700 
10,500 
11,900 
10,300 
10,400 

9,200 
8,500 
7,400 
9,000 
7,200 
10,600 

12,800 
21,200 
11,600 
11,200 
9,100 
8,300 


10,300 
5,u00 
5,300 
5,800 
7,6<A) 


360 
220 
285 
340 
153 


8  a.m. 

11  A.M. 

2  P.M. 

4  P.M. 

403 

270 

190 

1    107 

790 

390 

240 

1    250 

l 

658 

336 

300 

1    240 

i 

318 

690 

270 

1    218 

i 

288 

360 

170 

1    165 

230 

190 

222 

185 

192 

249 

218 

294 

252 

294 

- 

l 

360 

384 

330 

i    318 

275 

270 

202 

|    252 

370 

240 

854 

j    270 

130 

192 

336 

,    318 

151 

180 

348 

204 

i 

270 

150 

- 

270 

258 

240 

j    720 

300 

195 

240 

270 

2SS 

310 

330 

420 

300 
147 
261 
839 


227 


180 
276 
228 


240 
288 
170 


246 

210 

167 

140 

120 

156 

128 

146 

133 

140 

- 

" 

Quantity  of  effluent  for  month  was  53,275,300  gallons  per  acre. 

To  remove  the  air  held  in  the  pores  of  the  sand  and  which  prevented  a  normal  flow  of  water  the  out- 
let was  closed  Decembei  19,  9.25  to  10.25  a.m.,  and  December  24,  9.45  to  11  a.m. 
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Filler  No.  8 A  (Continuous)—  Continued. 


gallon*  per  ure. 
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Filter  No.  3  B  (Intermittent)  —  Continued. 


Itol 

Incbetof  Ice  removed. 

10.45  a, at.  to  5. SO  P.M.    .Tannary 

>  [hick 

™  broken  along  the  edge 

3.50  p.m.    January  Id,  4  tnehen 

mtlet  clo.fd  ID  to  11. IS  A.M. 

January  17,  gullet  opened  at  10.30  A.M.;  a  large  qiu. 

>ared  ; 

Il  the  lUrfacn.    Jlnuary  31, 

a  wooded  dlitrtbulidg  trough  put  on  aurtmce. 
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Fitter  No.  8A  (Continuous) — Continued. 
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Filler  No.  3B  (Intermittent)  —  Continued. 


Quantity  of  wee  40.791,400  khIIohi  pec  ace*. 

February  1,  drained  on  the  night  preceding.    February  14,  the  filler  m  Ailed 

rom  below  with  city  Altered  water.  February  26,  6  lncbee  of  Ice  remoied ;  1  to  2.6  lnchea  of  froet  Id 
and;  Oiled  with  cfly  Altered  water  from  below  (rale,  1,1M,M0  gallone  per  acre  dally)  and  allowed  to 
tend  onr  night.    February  IT,  rate  reduced  from  10  to  8  galloni  per  minute. 
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Filter  No.  8  A  (Continuous)—  Continued. 


Date  -1*94. 


February  1,  . 

2,  . 

3,  . 

4,  . 

5,  • 

6,  . 

7,  . 

8,  . 

9,  . 
10,  . 

H.  • 

12,  . 

13,  . 

14,  . 

15,  . 

16,  . 

17,  . 

18,  . 

19,  . 

20,  . 

21,  . 

22,  . 

23,  . 

24,  . 

25,  . 

26,  . 

27,  . 

28,  . 


Quantity  of 
Effluent. 

Gallons  per 
Acre  Dally. 


2,016,000 
2,016,000 
2,016,000 
2,016,000 
2,000,000 
1,722,000 
2,016,000 
2,016,000 
1,704,400 
1,328,200 
1,328,200 
1,519,000 
2,058,000 
2,009,000 
1,728,000 
1,945,400 
1,000,000 

290,000 

0 

1,843,000 

151,200 
2,009,000 
2,016,000 

763,000 

458,800 

0 

1,347,000 

1,440,000 


Loas  or  Head. 
(Inches.) 


8  a.m. 

4  p.m. 

9.0 

9.6 

10.5 

12.0 

14.0 

16.0 

21.0 

22.8 

11.6 

17.8 

20.8 

24.0 

27.8 

83.6 

48.3 

69.0 

73.0 

40.0 

73.0 

18.0 

12.6 

13.0 

13.0 

13.6 

14.8 

16.0 

22.0 

26.0 

31.6 

37.0 

73.0 

- 

19.0 

36.0 

61.0 

- 

11.3 

10.3 

11.0 

11.0 

8.6 

9.0 

10.0 

6.0 

6.6 

6.6 

Bacteria  per 

Cubic 
Centimeter 
in  Applied 

Water. 


7,900 
7,800 
4,100 

9,900 
8,900 
10,700 
7,800 
9,600 
9,800 

12,400 
6,000 
6,100 
7,600 
9,100 
7,300 

10,100 
8,400 
8,700 
8,600 
6,300 
6,700 

9,600 
8,800 
6,400 


Baotejua  rat  Cubic  CaxTiMXTU 
in  Effldutt. 


8  a.m. 


42 
46 
52 

71 
68 
48 
81 
28 
102 

228 
110 
92 
83 
61 
96 

98 
49 
221 
136 
91 
98 


37 

48 


11A.M. 


2  p.m. 


4  p.m. 


28 

82 

46 

87 

09 

40 

09 

60 

60 

40 

60 

46 

89 

89 

24 

27 

• 

• 

- 

152 

104 

91 

103 

106 

66 

88 

80 

104 

94 

114 

m 

- 

80 

96 

16T 

117 

97 

76 

98 

94 

68 

114 

46 

60 

62 
66 

69 

67 
38 
60 
34 
24 
29 

119 
116 
76 
119 
108 
116 


99 

88 
60 
97 


38 
61 


Quantity  of  effluent  for  month  was  40,765,200  gallons  per  acre. 

February  6,  inlet  pipe  frozen  and  surface  uneoTered.  February  10,  lee  4  inches  thick  broken  along 
the  sides  and  outlet  closed  7.55  a.m.  to  3.45  p.m.  February  12,  iee  3  to  6.5  inehee  thick  remoTed  and  out- 
let  closed  8  a.m.  to  1.40  p.m.  February  19,  Ice  4  inches  thick  broken  along  the  aidea  and  outlet  closed 
8.30  a  m.  to  February  20, 8  a.m.  February  21,  2  to  6  Inches  ice  remoTed  and  surface  scraped.  After 
filling,  filter  was  allowed  to  stand  with  outlet  closed  from  9  p.m.  till  8  a.m.  the  next  morning.  February 
24,  inlet  pipe  frozen  and  surface  uncovered.  February  15,  filter  allowed  to  drain.  February  26,  filled 
with  city  filtered  water  from  below  and  allowed  to  stand  over  night  with  outlet  closed.  February  27, 
rate  reduced  from  7  to  6  gallons  per  minute. 
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QuaDllty  45,060,100  fallout  per  acre. 

March  4  wtlh  city  filtered  water  from  below  and  allowed  to  atand  over  night. 

March  IT,  new  aand  added  to  ridge  the  mrlict  similar  to  that  of  the  Ltwnsn 

dtj  Alter;  at  right  aoglea  to  the  wooden  conduit  waa  made  II  ltichet  deeper  thu  In 

the  middle,  graded.    The  Alter  waa  Blled  from  below  with  city  altered  water  on 

the  night  of  March  IB.  The  Alter  waa  filled  aa  naual,  from  the  top,  od  March  JS,  and  allowed  to  aland 
crer  night  with  the  outlet  cloeed. 
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Filter  No.  8  A  ( Gonti nuoua)  —  Continued. 
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FiUer  No.  3B  — -Concluded. 


Qmntltr  of  effluent  for  month  wu  *l),»sa,.iw  gallooi  p«r  iae. 

The  filter  wu  filled  from  the  lop  In  the  oaoal  way  OD  April  1, 

8, 15,  21  and  It,  aod  allowed  to  Maud 

over  nigbl  Klih  the  outlet  clowd.    The  outlet  wu  cloiod  md  the  i 

nrfu*  rtmilned  Conrad  ou  the  night 

of  April  za. 
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Filter  No.  8  A  (Continuous)  —  Concluded. 
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Lawrenoe  Crrr  Filter. 
,  This  filter  was  first  put  in  use  Sept.  20,  1893.  The  construction 
and  operation  of  the  filter  are  fully  described  in  an  article  beyond  by 
its  designer,  Mr.  Hiram  F.  Mills,  A.M.,  C.E.,  chairman  of  the 
committee  on  water  supply  and  sewerage  of  the  State  Board  of 
Health.  Briefly,  it  is  2.5  acres  in  area;  the  underdrains  conduct 
the  effluent  to  a  collecting  conduit  and  thence  to  the  pump  well. 
The  nominal  capacity  of  the  pumps  is  5,000,000  gallons  in  24  hours, 
and  when  pumping  at  this  rate  water  passes  through  the  filter  at  a  rate 
of  2,000,000  gallons  per  acre  in  24  hours.  The  average  daily  con- 
sumption is  a  little  over  3,000,000  gallons,  and  the  pumps  work  on 
an  average  about  16  hours ;  under  ordinary  circumstances,  the  sur- 
face of  the  filter  is  uncovered  and  the  sand  drained  about  8  hours 
daily.  The  effluent  is  pumped  to  the  open  distributing  reservoir, 
which  is  25  feet  deep  at  the  high-water  mark  and  has  a  capacity  of 
40,000,000  gallons. 

Very  frequent  analyses,  both  chemical  and  bacterial,  have  been 
made  of  the  Merrimack  River  water  before  and  after  its  passage 
through  the  filter,  as  it  leaves  the  reservoir,  and  from  taps  at  the 
City  Hall  and  Experiment  Station,  which  are  distant  about  1.5  and 
2.5  miles,  respectively,  from  the  reservoir.  A  summary  of  the 
results  of  these  analyses  is  presented  below. 

Monthly  Averages  of  the  Analyses  of  the  Merrimack  River  Water  as  it  flows  on 
to  the  Lawrence  City  Filter. 

[P«Up«  100,000.] 


DOI»  with  refird  10  lurbiillly  md  odor  He  pifa  1! 
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Monthly  Averages  of  Analyses  of  Effluent  Jrom  the  Oily  Filler. 

[Puta  per  100,000.] 


Monthly  Averages  of  Analyses  of  Water  from  the  Outlet  of  the  Distributing 
Reservoir. 


[P.rU 
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Monthly  Averages  of  Analyses  of  Water  from  a  Tap  at  the  Lawrence  City  Hall, 

[Put*  per  100,000.] 


Temperature. 
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Monthly  Averages  of  Analyses  of  Water  from  a  Tap  at  the  Lawrence  Experiment 

Station. 

[Parte  per  100,000.] 
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October, 
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Monthly  Averages  of  Daily  Bacterial  Results  from  the  Lawrence  City  Water. 


Month. 


Bacteria  fbb  Cubic  Ckjttimktkr  iv  Watbb  fbox 


KJver. 


Effluent 
at  Filter. 


Benenroir 
Outlet. 


City  Hall 
Tap. 


Experiment 
Station  Tap. 


1803. 

October, 

November,       .......* 

December, 

1894. 

January, 

February,        

March, 

April, 

Averages 

Average  per  cent,  of  number  removed, 

Average  per  cent,  of  number  of  river  bacteria 
remaining  in  water 


20,900 
7.600 
9,800 

668 
246 
200 

7,800 

8,200 

8,000 

14,700 

140 
260 
222 
282 

10,900 

204 

- 

97.68 

- 

2.42 

148 
117 
162 


80 
180 
220 
127 


189 
98.78 

1.27 


127 
68 
92 


66 

88 

116 

80 


90 
99.17 

0.83 


186 
71 
72 


63 
63 
94 

78 


82 
99.26 

0.76 


In  the  table  above  all  results  are  included  in  the  averages.  Some 
of  these  results  were  obtained  under  abnormal  conditions,  and  in  the 
table  below  are  presented  averages  from  which  are  excluded  the 
results  from  October  1  to  17,  which  were  obtained  before  the  filter 
arrived  at  its  normal  efficiency ;  those  of  November  27,  28  and  De- 
cember 4,  when  high  numbers  were  present  in  the  effluent,  which 
were  doubtless  caused  by  lowering  the  suction  pipe  in  the  pump  well 
and  thereby  disturbing  the  sediment  which  had  collected  there  before 
the  filter  was  put  in  use  ;  and  the  results  from  February  20  to  March 
12  when  the  water  passed  through  a  very  limited  area  of  the  filter. 


Monthly  Averages  of  Bacterial  Results  showing  the  Normal  Efficiency  of  the  Law- 
rence City  Filter. 


IfOKTH. 


Bacteria  fbb  Cubic  Cbmtimxtbb 
iv  Watbb  from 


River. 


1893. 

October 

November 

December 

1894. 

January, 

February,  .... 

March, 

April 

Averages,  .... 


8,700 
7,200 
9,700 


7.300 

8,000 

7,100 

14,700 


9,000 


Efflnent  at 
Filter. 


180 
177 
141 


140 
126 
100 
282 


160 


Percent. 

of  Number 

of  Kiver  Bacteria 

which 

appeared  In  the 

Efflnent. 


1.60 
2.46 
1.46 


1.92 
1.66 
1.41 
1.68 


1.67 
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These  results  show  that  during  this  period  the  normal  efficiency  of 
this  fitter  in  the  removal  of  bacteria  was  98.33  per  cent,  of  the  num- 
ber applied. 

In  the  next  table  are  given  the  results  of  the  bacterial  examination 
of  series  of  samples  of  the  effluent  of  the  city  filter  taken  at  different 
hours  during  the  day.  The  pumps  were  started  between  7  and  7.30 
a.m.  All  things  taken  into  consideration,  the  results  are  quite 
uniform  under  ordinary  circumstances.  Both  the  bacterial  and  the 
chemical  analyses  indicate  that  some  ground  water  at  times  is  mixed 
with  the  effluent. 


Table  showing  the  Number  of  Bacteria  per  Cubic  Centimeter  at  Different  Sours  i\ 
the  Effluent  of  the  Lawrence  City  Filter. 


The  following  table  shows  the  number  of  bacteria  in  the  river 
water  before  and  after  its  passage  through  the  filter  during  the  first 
ten  days  of  its  use  :  — 
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Daily  Bacterial  Results,  Lawrence  City  Water. 

[Bacteria  per  cable  centimeter.] 


October  1, 
2, 

3, 

4, 

6, 

6, 

7. 

8, 

9, 

10, 

11. 

12, 

13, 

14. 

15, 

16, 

17, 

18, 

19, 

20, 

21, 

22, 

23, 

24, 

25, 

26, 

27, 

28, 

29, 


Datk-1898. 


30, 

ol, 


In  Rirer 
Water. 


12,500 
10,500 

9,200 

6,500 

6,200 
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4,800 
23,000 
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5,000 

i 

6,100 


In  FtLTBiBD  Wats*  fbom 


Filter. 


34,800 
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1,020 

55,200 
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44,400 

448 

00,000 

266 
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810 
228 
110 
180 
82 
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100 
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160 
110 
65 


Reservoir 
Outlet 


Tap  at 
City  Han- 


Tap  at  I 
Experiment 
8tatkm. 


143 


870 
408 
262 
235 
166 
148 

162 
103 
115 
128 
146 
120 


112 
100 
106 
102 
70 

97 

77 

110 

112 

90 

126 


84 


290 
240 
318 
146 
120 
134 

160 
119 
108 
122 
129 
100 


126 

100 

80 

80 

92 

68 
89 
100 
98 
76 
90 


76 


260 
830 
306 
276 
110 
98 

122 
66 

101 

110 
86 

110 

102 

121 

146 

97 

80 

90 

117 
130 
180 
104 
122 
100 

95 
86 


Total  quantity  of  effluent  for  month,  87,556,523  gallons. 
*    The  surface  wan  scraped  about  \  Inch  deep  as  follows:  the  2  lower  beds,  October  14;  the  next  4, 
October  21 ;  the  next  17,  October  28;  and  the  remaining  5,  October  31. 
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Daily  Bacterial  Results,  Lawrence  City  Water  —  Continued. 

[Baetirla  pat  enble  untlmalsr.] 
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Daily  Bacterial  Results,  Lawrence  City  Water — Continued. 

[Buterti  par  cubic  untlmeler.] 
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Daily  Bacterial  Besullt,  Lawrence  Oily  Water—  Concluded. 

[BuUiUp*roi 
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THE    FILTER 


OF  THE 


WATER   SUPPLY  OF  THE  CITY  OF 

LAWEENCE 


AND   ITS    EESULTS. 


Bt  HIRAM  F.  MILLS,  A.M.,  C.E., 

Member  of  the  State  Boabd  of  Health  of  Massachusetts, 
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THE  FILTER  OF  THE  WATER  SUPPLY  OF  THE  CITY  OF 

LAWRENCE  AND  ITS  RESULTS. 


Br  HIRAM  F.  MILLS,  A.M.,  C.E., 
Member  of  the  State  Board  of  Health  of  Massachusetts. 


The  Lawrence  pumping  station  is  by  the  side  of  the  Merrimack 
River  above  the  city  and  about  a  thousand  feet  up  stream  from  the 
nearest  house.  The  water  was  drawn  from  the  river  through  a 
thirty-inch  iron  pipe  continued  to  the  engine  house  by  a  brick  con- 
duit four  feet  in  diameter.  At  right  angles  with  this  conduit,  and 
extending  down  stream  from  the  engine  house  for  three  hundred  feet 
along  the  shore,  was  a  stone  and  brick  filter-gallery  eight  feet  wide 
and  eight  feet  high  inside,  the  bottom  of  which,  as  well  as  the  bottom 
of  the  conduit  from  the  river,  was  about  level  with  the  bottom  of  the 
pump  well  under  the  engine  hQuse  and  eleven  feet  below  low  water 
in  the  river. 

The  river  water  brought  so  much  silt  at  the  time  of  the  spring  and 
fall  freshets  that  the  shore  became  impermeable,  and  soon  after  the 
works  were  constructed  it  became  evident  that  the  filter-gallery 
received  little  or  no  water  from  the  river  side  and  the  quantity 
received  from  the  land  side  was  insignificant.  The  works  have  been 
in  use  about  seventeen  years.  For  some  years  after  they  were  built 
there  was  a  diminution  in  the  number  of  deaths  by  typhoid  fever 
from  the  number  when  well  water  was  used,  and  no  one  thought  of 
direct  poisoning  by  sewage  of  the  water  taken  from  the  river  nine 
miles  below  Lowell  with  a  fall  of  ten  feet  through  a  rapid  a  mile  long 
on  the  way.  Many  made  the  remark  that  running  water  purified  itself 
in  a  less  distance  and  put  away  any  fear  of  contamination,  while  a 
few  did  not  like  to  drink  water  into  which  the  sewage  of  seventy 
thousand  people  was  poured  only  eight  hours  before  it  reached  the 
intake  of  the  water  works. 

Shortly  after  the  State  Board  of  Health  was  reorganized  in  1886 
the  Experiment  Station  was  established  at  Lawrence,  and  it  was 
soon  found  that  all  of  the  bacteria  in  sewage,  amounting  generally  to 


546  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

several  hundred  thousand  in  every  thimbleful,  could  be  removed  by 
slow  intermittent  filtration ;  also,  that  the  same  result  could  be  at- 
tained by  filtering  water  at  a  more  rapid  rate,  but  not  at  a  rate  that 
rendered  it  practicable  to  apply  to  a  city's  water  supply.  Experi- 
ments of  the  Board  with  rapid  mechanical  filters  showed  a  large 
percentage  of  the  bacteria  remaining  in  the  filtered  water,  and 
experiments  at  Berlin  indicated  that  the  continuous  filters  of  that 
city  allowed  some  of  the  germs  of  typhoid  fever  to  pass  through ; 
enough  to  cause  sickness  in  the  city. 

In  1890  a  careful  study  of  the  deaths  from  typhoid  fever  in  the 
cities  of  the  State  showed  that  the  cities  of  Lowell  and  Lawrence 
had  nearly  three  times  the  average  number,  from  the  same  popula- 
tion, in  other  cities  ;  and  that  during  the  season  —  August,  Septem- 
ber and  October  —  when  other  cities  had  the  most  typhoid  fever, 
Lowell  and  Lawrence  had  about  the  same  number  as  other  cities, 
but  a  month  or  more  later  the  deaths  in  Lowell  reached  three  and 
four  and  eight  times  the  deaths  in  other  cities,  and  after  another 
month  those  of  Lawrence  increased  by  a  still  greater  ratio,  so  that 
in  some  years  the  deaths  in  January  and  February  from  this  disease 
were  more  than  the  actual  number  in  Boston,  with  ten  times  the 
population.  This  condition,  following  year  after  year,  made  it  so 
evident  that  the  disease  came  down  the  river  to  Lowell  from  the 
cities  and  towns  above,  and  then  came  with  greater  intensity  from 
Lowell  to  Lawrence,  that  the  State  Board  of  Health  made  strenuous 
efforts  to  produce  a  filter  that  would  remove  all  disease-producing 
germs  that  could  be  applied  to  it,  and  at  the  same  time  filter  rapidly 
enough  to  serve  for  a  city's  water  supply.  Billions  of  typhoid-fever 
germs  were  cultivated  and  applied  to  filters  of  different  construction, 
and  in  1891  we  succeeded  in  removing  all  that  were  applied  when 
filtering  two  million  gallons  per  acre  daily.  Then  the  Board  advised 
the  city  of  Lawrence  to  filter  its  water,  and  offered  to  show  how  to 
do  it. 

Such  a  filter  would  require  some  layers  of  quite  fine  sand,  and  it 
was  thought  necessary  to  first  take  out  the  very  fine  river  silt  from 
the  water  by  means  of  a  coarser  sand  filter  at  the  river  bank.  Fur- 
ther experiments  showed  that  the  construction  of  a  filter  at  the 
river  bank  with  a  sand  coarse  enough  to  allow  the  river  silt  to  be 
deposited  upon  it,  if  removed  promptly,  would  serve  to  remove 
ninety-eight  per  cent,  of  all  of  the  bacteria  of  the  river  water  and  a 
still  larger  per  cent,  of  the  disease  producing  germs ;  and  considera- 
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tions  of  economy  and  the  immense  advantage  of  such  a  filter  with 
the  probability  of  this  or  none,  with  an  unbelieving  public,  induced 
the  State  Board  of  Health  to  advise  the  city  to  immediately  con- 
struct such  a  filter  and  save  the  fiftv-seven  lives,  which  was  the 
annual  excess  of  deaths  by  this  disease  over  that  of  the  same  num- 
ber of  inhabitants  in  cities  of  the  State  having  a  good  water  supply. 

In  1892,  in  view  of  the  possibility  of  cholera  getting  into  Lowell 
and  making  it  necessary  to  cut  off  the  Lawrence  water  supply,  the 
city  government  made  an  appropriation  for  beginning  the  work  of 
constructing  the  filter  in  accordance  with  the  advice  of  the  State 
Board  of  Health  and  under  its  direction. 

The  general  design  was  to  excavate  the  bed  and  bank  of  the  river 
to  seven  feet  below  low  water  for  a  width  of  about  one  hundred  and 
fifty  feet  out  from  the  old  filter-gallery  and  from  the  high  water 
shore  down  stream  from  this,  making  a  length  of  about  seven  hun- 
dred and  fifty  feet  and  an  area  of  excavation  of  two  and  one-half 
acres  (see  Plate  I.,  Fig.  7).  The  suitable  material  from  the  excava- 
tion was  to  be  put  into  a  tight  embankment,  on  the  ends  and  river 
side,  carried  to  nine  feet  above  low  water  in  the  river  or  high 
enough  to  exclude  the  highest  freshets.  The  excavation  was  to  be 
then  filled  for  a  depth  of  about  five  feet  with  suitable  filtering  sand 
properly  underdrained  into  the  old  filter-gallery  and  into  a  small 
perforated  conduit  in  extension  of  the  gallery. 

The  top  of  the  sand,  being  two  feet  below  low  water  in  the  river, 
could  by  a  proper  iulet  be  flooded  by  gravity  to  a  depth  of  about  two 
feet,  thus  forming  a  shallow  pond  of  two  and  a  half  acres  area,  which 
would  gradually  filter  downward  through  the  sand  to  the  underdrains 
and  be  conveyed  to  the  old  gallery,  and  through  this  to  the  pump- 
well. 

One  of  the  essential  qualities  of  the  design  required  that  the  inlet 
water  should  be  shut  off  once  a  day  and  the  pumps  kept  running 
until  the  sand  was  uncovered  and  the  water  within  the  sand  drawn 
out,  so  that  the  sand  could  fill  with  air  from  top  to  bottom. 

This  condition  of  filling  the  sand  with  air  daily  was  regarded 
necessary  to  insure  the  burning  up  of  the  organic  matter  which  pene- 
trated the  sand  below  the  surface  and  forming  nitrates  in  the  water, 
thus  producing  conditions  the  most  unfavorable  for  the  continuation 
of  the  life  of  bacteria  within  the  water  in  their  passage  through  the 
sand  and  in  the  water  after  leaving  the  filter. 

There  is  nearly  air  enough  in  our  drinking  waters  to  supply  the 
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oxygen  which  is  necessary  to  carry  on  the  process  of  nitrification 
when  the  water  comes  in  contact  with  the  grains  of  sand  which  have 
nitrifying  bacteria  adherent,  but  the  addition  of  the  air  which  enters 
the  sand  by  drawing  the  water  out  of  it  once  a  day  causes  a  more 
complete  burning  up  of  the  organic  matter  in  the  water,  which  is  the 
nitrifying  process  spoken  of. 

The  question  may  arise,  if  water  contains  so  much  air  why  does 
not  nitrification  take  place  in  the  reservoir?  The  reason  is  that 
nitrification  will  not  take  place  unless  the  water  with  the  air  comes 
in  contact  with  certain  bacteria  which  in  some  unknown  way  cause 
the  process  to  be  carried  on.  These  bacteria  attach  themselves  to 
the  grains  of  sand  of  the  filter  and  remain  there,  and  when  air  is 
present  they  can  in  a  short  time  cause  the  nitrifying  process  to  be 
carried  on  so  completely  that  nearly  all  of  the  organic  matter  in  the 
water  is  burnt  up,  and  with  this  burning  the  disease  germs  in  the 
water  are  killed. 

The  carrying  out  of  this  design  required  some  original  investi- 
gations upon  the  head  required  to  convey  a  definite  quantity  of 
water  through  sands  of  different  size  of  grain  and  through  gravel 
stones  of  different  sizes.  The  circumstances  of  the  location  would 
allow  an  expenditure  of  head  of  one  and  a  half  feet  when  the  surface 
of  the  sand  was  clean,  through  the  sand  and  through  the  underdrains 
and  conduit  to  the  pump- well,  when  drawing  the  full  quantity  of 
2,000,000  gallons  per  acre  per  day,  or  5,000,000  gallons  for  the 
field. 

The  sand  selected  to  meet  these  conditions  was  of  two  sizes,  the 
finer  of  the  two  being  placed  directly  over  the  underdrains  and  for 
five  feet  each  side  of  them ;  and  the  coarser  occupying  the  remain- 
ing twenty  feet  between  the  drains,  and  through  which  the  water 
would  move  laterally  and  use  up  about  the  same  amount  of  head  as 
when  flowing  directly  downward  through  the  finer  sand. 

The  coarser  sand  was  such  that  70,000,000  gallons  would  flow  in 
twenty- four  hours  through  a  foot  in  depth,  covering  an  acre,  with 
the  expenditure  of  one  foot  head ;  and  the  finer  sand  would  convey 
50,000,000  gallons  under  the  same  conditions.  In  moving  ver- 
tically downward  five  feet  through  the  finer  sand,  10,000,000  gal- 
lons would  flow  through  with  the  expenditure  of  one  foot  of  head,  but 
the  water  moving  laterally  through  the  coarser  sand  toward  the  under- 
drain  would  crowd  the  stream  in  the  finer  sand  below  the  surface  so 
that  the  water  going  through  the  surface  in  a  width  of  ten  feet  would 
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be,  near  the  bottom,  pressed  into  a  channel  of  perhaps  not  more  than 
five  feet  in  width  and  thus  decreasing  the  quantity  that  could  pass 
with  one  foot  head  to  perhaps  7,000,000  gallons  per  acre  per  day. 

As  the  water  was  to  flow  through  the  sand  with  a  daily  intermis- 
sion of  several  hours,  the  actual  time  of  flowing  would  be,  say  two- 
thirds  of  the  day,  and  would  allow  between  four  and  five  millions  to 
pass.  This  is  the  quantity  that  could  pass  with  one  foot  loss  of 
head  through  the  sand  when  the  surface  of  the  sand  is  clean,  but  the 
fine  mineral  sediment  and  the  organic  matter  brought  by  the  river 
water  choke  the  surface  and  reduce  the  quantity  of  water  that  can  pass 
through,  and  in  order  not  to  have  to  clean  the  surface  too  frequently, 
the  sand  when  clean  should  be  able  to  convey  two  or  three  times  the 
quantity  required. 

It  was  expected,  from  experiments  that  had  been  made  with  this 
water,  that  ordinarily  with  sand  grains  of  the  sizes  here  used,  the 
surface  would  have  to  be  cleaned  by  removing  from  an  eighth  to  a 
quarter  of  an  inch  and  replacing  with  clean  sand  once  a  month,  and 
that  during  freshets,  when  more  sediment  comes  in  the  river  water, 
the  surface  would  have  to  be  cleaned  oftener. 

If  the  surface  should  not  be  cleaned  as  often  as  necessary,  the 
result  would  be  a  lowering  of  water  in  the  pump-well  and  if 
neglected  until  the  surface  became  so  impervious  that  the  one  or 
two  feet  in  depth  of  water  over  the  surface  were  not  sufficient  to 
force  the  required  quantity  through  the  upper  layer,  the  drawing 
down  of  the  pump  well  to  the  bottom  of  the  sand  would  give  no 
relief,  the  surface  would  have  to  be  cleaned. 

Economy  of  construction,  the  providing  for  a  nearly  uniform  rate 
of  filtration  through  every  square  foot  of  the  area  of  the  filter,  and 
applying  the  water  to  the  surface  of  the  sand  in  a  valley  so  that  as 
it  is  filled  daily  there  will  not  be  a  current  over  the  surface  of  the 
sand  sufficiently  rapid  to  move  the  sand  grains,  caused  the  following 
section  to  be  adopted. 

The  underdrains  were  arranged  to  be  thirty  feet  apart.  The  ex- 
cavation was  not  made  to  a  uniform  depth  of  seven  feet  below  low 
water  in  the  river,  but  was  made  to  the  depth  of  eight  feet  for  a 
width  of  five  feet  where  the  underdrains  were  to  be,  and  to  the  depth 
of  six  feet  for  a  width  of  five  feet  at  ridges  between  the  underdrains, 
with  slopes  of  one  foot  in  ten  feet  between  (see  Plate  I.,  Figs.  3,  4,  5 
and  6).  Over  these  ridges  the  sand  was  filled  only  to  the  depth  of 
three  feet  for  a  width  of  five  feet  and  beyond  this  the  surface  of  the 
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sand  rose  one  foot  in  twenty  feet  and  then  ran  level  for  five  feet  at 
a  height  of  six  feet  above  the  bottom.  Such  ridges  and  hollows 
formed  the  general  longitudinal  section  of  the  bed. 

The  direct  conduit  through  which  water  was  formerly  supplied  to 
the  pump-well  from  the  river  is  at  the  up-river  end  of  the  filter-bed 
(Plate  I;,  Fig.  1).  It  is  furnished  with  a  gate  at  the  inner  end,  and 
the  top  was  pierced  and  a  chimney  built  about  forty  feet  outside  of 
the  engine  house,  and  projecting  through  the  side  of  this  chimney  were 
set  two  iron  pipes  two  feet  in  diameter  with  a  gate  in  each,  having 
its  centre  two  feet  below  low  water  in  the  river.  One  of  these  is 
intended  to  supply  an  extension  of  the  works  up  the  river  ;  the  other 
discharges  into  an  open  conduit  which  extends  along  the  inside  of 
the  embankment  nearly  the  whole  length  of  the  bed.  At  the  upper 
end  the  section  is  a  semi-circle  six  feet  in  diameter.  The  edge 
toward  the  bed  remains  level  throughout  its  length  at  three  feet 
below  low  water  of  the  river,  but  the  bottom  rises  gradually  from 
three  feet  below  the  edge  to  six  inches  below  at  the  lower  end,  and 
this  continues  by  a  curve  and  crosses  the  bed  in  the  down-river  valley 
with  the  edges  level,  but  the  bottom  rises  so  that  the  depth  at  the 
end  is  only  one  inch.  In  each  of  the  valleys,  thirty  feet  apart, 
extends  from  this  main  conduit  a  shallow  carrier  of  concrete  lined 
with  cement  mortar,  having  its  edges  level  with  the  edge  of  the  con- 
duit, and  extending  from  the  conduit  to  thirty-two  feet  from  the  oppo- 
site side  of  the  bed.  These  are  two  feet  wide  and  three  inches  deep 
at  the  conduit,  and  one  foot  wide  and  one  inch  deep  at  the  end.  In 
this  way  there  are  formed  edges  of  water  carriers  at  the  same  level 
and  about  one  and  one-third  miles  in  length,  over  which  the  water 
reaches  the  sand,  and  as  within  two  feet  from  these  edges  the  surface 
of  the  sand  rises  with  a  slope  one  foot  in  ten  there  is  very  little  per- 
ceptible current  over  the  sand  as  the  water  leaves  the  carriers. 

The  conduit  is  made  of  cobble  paving  stones  four  to  six  inches 
through,  laid  in  Portland  cement  mortar  on  a  layer  of  gravel  eight 
inches  thick  and  made  smooth  within  by  a  coat  of  mortar.  The 
carriers  are  made  of  cobble  stones  about  four  inches  in  diameter, 
laid  in  Portland  cement  mortar  on  the  sand,  and  made  smooth 
within.  At  the  junction  with  the  conduit  the  carriers  are  widened 
by  curves  to  prevent  washing  of  sand  at  the  turn. 

The  underdrains  enter  the  old  filter-gallery  through  holes  cut  in 
the  wall.  (See  Plate  I.,  Fig.  2.)  Glazed  sewer  pipe  surrounded 
by  stones  are  used  for  about  four-tenths  of  the  distance  from  the 
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gallery  across  the  bed,  beyond  which  are  layers  of  stones  of  different 
sizes  without  pipes.  Beginning  at  the  gallery  is  one  length  of  ten- 
inch  pipe,  then  two  lengths  of  eight-inch  pipe,  then  from  thirty-five 
to  sixty-five  feet  of  six-inch  pipe,  ending  with  three  lengths  of  four- 
inch  pipe.  These* pipes  are  laid  apart  so  that  the  spigot  approaches 
but  does  not  enter  the  bell,  and  they  are  surrounded  by  a  layer  of 
about  four  inches  of  stones  about  two  inches  in  diameter.  (See 
Plate  I.,  Figs.  3,  4,  5  and  6.)  Other  layers,  decreasing  in  size 
through  one  and  one-half  inches,  three-quarters  of  an  inch,  three- 
eighths  of  an  inch  and  three-sixteenths  of  an  inch,  are  applied  in  the 
form  shown  by  the  sections  and  plans,  and  the  latter  being  spread 
out  to  a  width  of  seventeen  feet  is  covered  by  one  inch  of  coarse 
mortar  sand  which  spreads  to  a  width  of  twenty  feet.  Upon  this 
rests  the  filtering  sand  from  four  to  five  feet  deep. 

The  valley  in  the  excavation  is  deepened  in  the  part  occupied  by 
the  pipe  so  that  the  pipe  has  a  slope  of  one  foot  in  one  hundred  feet. 
The  pipe  was  applied  as  far  from  the  filter-gallery,  or  conduit  in  ex- 
tension of  the  gallery,  as  it  and  the  stones  surrounding  it  cost  less 
than  the  much  larger  area  of  stones  required  to  give  the  desired  free- 
dom of  flow.  Beyond  this  the  large  stones  were  spread  out  to  the 
widths  and  with  the  depths  required  to  give  the  desired  flow. 

To  determine  how  much  head  would  be  used  in  flowing  through 
layers  of  sand  and  layers  of  stones  of  different  sizes  experiments 
were  made  under  my  direction  by  Mr.  Allen  Hazen,  the  chemist  in 
charge  of  the  Experiment  Station  of  the  State  Board  of  Health.  As 
is  well  known,  the  head  required  to  convey  water  through  ordinary 
pipes  varies  with  the  square  of  the  velocity,  but  with  extremely 
small  pipes  and  through  the  interstices  of  fine  sand  the  head  required 
to  convey  water  varies  with  the  velocity  and  with  the  temperature, 
more  head  being  required  wTith  colder  water.  Through  coarse  sand 
and  through  gravel  stones  the  head  varies  with  powers  of  the  veloc- 
ity between  the  first  and  second  powers,  increasing  with  the  size  of 
the  grains  or  of  the  stones.  For  sands,  ten  per  cent,  of  whose  grains 
are  as  small  as  two  millimeters  or  eight-hundredths  of  an  inch  in 
diameter,  the  quantities  of  water  that  would  pass  through  an  acre  in 
area  with  diflerent  depths  and  sizes  of  grains  were  determined  by  the 
following  formula  deduced  from  experiments  which  had  been  made 
up  to  the  time  of  constructing  this  filter:  Q=***-*L  in  which  Q  ex- 
presses the  quantity  of  water  in  million  gallons  per  acre  per  day,  A 
the  acting  head  in  feet,  I  the  distance  flowing  through  the  sand  in 
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feet,  and  d  the  maximum  diameter  in  millimeters  of  the  finer  ten  per 
cent,  of  the  sand  grains. 

This  formula  expresses  quite  satisfactorily  the  quantity  of  water 
that  will  pass  through  clean  sand  from  which  air  has  been  pushed 
out  when  the  temperature  is  about  50°  Fah.,  and  is  convenient  to 
use  in  comparing  sands  of  different  sizes ;  but  Mr.  Hazen  found  that 
the  resistance  was  nearly  twice  as  great  when  the  temperature  was 
near  the  freezing  point  as  when  at  summer  heat,  and  he  afterward 
determined  an  expression  from  the  experiments,  giving  the  velocity 
of  flow  through  sands  at  any  temperature,  which  may  be  found  on 
page  553  of  the  Report  of  the  State  Board  of  Health  for  1892. 

The  sand  used  in  the  Lawrence  filter  which  was  placed  directly 
over  the  underdrains  and  five  feet  on  either  side  had  the  coarser 
grains  of  the  finer  ten  per  cent,  twenty-five  hundredths  of  a  milli- 
meter in  diameter,  and  by  the  above  formula  when  the  head  used  is 
equal  to  the  distance  which  the  water  passes  through  the  sand  the 
quantity  of  water  that  could  pass  through  an  acre  in  twenty-four 
hours  would  be  fifty  million  gallons.  If  two  million  gallons  were 
applied  to  an  acre  in  sixteen  hours,  or  the  equivalent  of  three  mil- 
lion gallons  in  twenty-four  hours,  and  this  were  crowded  into  one- 
half  its  area  near  the  bottom  of  the  sand,  by  the  lateral  pressure  of 
the  water  coming  towards  the  underdrains  through  the  ten  feet  of 
coarser  sand  on  each  side,  the  resistance  would  be  like  that  of  four 
and  a  half  million  gallons  traversing  six  feet  in  depth  of  sand,  for 
which  the  head  required  would  be  fifty-four  hundredths  of  a  foot. 

As  the  circumstances  here  allowed  of  a  loss  of  head  through  the 
sand  of  one  foot,  the  remaining  head,  from  fifty-four  hundredths  to 
one  foot,  was  the  amount  allowed  for  increased  obstruction  through 
the  sand  due  to  air  and  to  lower  temperature. 

By  a  similar  process  of  computation  the  coarser  sand  occupying 
the  remaining  twenty  feet  of  the  thirty  feet  between  underdrains 
was  found  to  be  able  to  convey  its  proportion  of  the  water  to  the 
underdrains  with  a  like  loss  of  head ;  hence  the  arrangement  pre- 
sented by  these  sections  enabled  all  parts  of  the  area  of  the  filter  to 
transmit  nearly  their  proper  quantity  of  water. 

With  this  loss  of  head  through  the  sand  when  clean,  there  would 
be  a  noticeable  increase  in  loss  by  a  slight  deposit  of  sediment  upon 
the  surface,  and  depending  upon  this  narrow  margin  it  was  deemed 
practicable  to  construct  and  use  for  a  term  of  years  a  single  bed 
which  was  to  be  cleaned  regularly  each  month,  a  portion  being 
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cleaned  every  day  during  the  interval  when  the  bed  is  resting ;  and 
this  portion  when  cleaned  is  not  capable  of  conveying  so  large  a 
quantity  of  water  that  it  cannot  be  properly  purified  in  its  passage, 
unless  there  be  an  extreme  drawing  down  of  the  head  which  would 
require  very  close  watching  at  the  pumps. 

When  it  becomes  impracticable  to  properly  purify  the  full  amount 
of  the  city's  supply  by  the  present  bed  it  is  designed  to  construct 
another  bed  extending  up  the  river  from  the  intake,  to  be  supplied 
by  the  second  two-foot  valve  mentioned  as  built  into  the  side  of  the 
chimney  rising  from  the  old  intake. 

We  have  followed  the  water  through  the  sand  and  considered  the 
head  lost  in  its  passage.  There  is  still  some  head  to  be  used  in 
passing  through  the  layers  of  stone  and  the  underdraining  pipes. 

In  considering  the  loss  of  head  through  fine  sand  and  through 
coarser  material  to  very  large  gravel  stones,  we  find  the  loss  increas- 
ing with  the  first  power  of  the  velocity,  and  with  powers  increasing 
with  the  coarseness  from  the  first  to  the  second  power  of  the  velocity  ; 
hence  the  most  convenient  method  of  presenting  what  our  experi- 
ments have  shown  is  in  the  form  of  a  table  which  was  used  in  distrib- 
uting the  remaining  allowable  loss  of  head  of  about  half  a  foot  in 
addition  to  the  one  foot  through  the  sand,  so  that  it  should  still  serve 
to  make  the  passage  of  water  nearly  uniform  from  all  portions  of  the 
surface  of  the  bed. 

This  table,  though  capable  of  improvement  by  additional  data,  led 
to  conclusions  which  proved  satisfactory  in  this  case. 


Quantity  of  Water  Flowing  through  Gravel  Stones  at  Different  Heads. 

[Quantity  flowing  In  1,000,000  gallons  per  acre  dally.] 


LOSS  OF  Hit  AD    IN 

Tkkms  of  Dis- 
tance THROrfllf 
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1       8IZK  OF  O RAVKL  STONKS  IN  MILLIMBTKR8  AMD  INCHKS,  THK  KlMBST  10  PKB  CKKT. 

FIN KR  THAN  — 


0.0005 

0.00L 

0.0O2 

0.004 

0.01 

0.02 


0.05 


0.10 


3  Mm. 

5  Mm. 

0.1*2  In. 

0.20  In. 

4 

12 

7 

23 

15 

43 

29 

83 

72 

185 

136 

320 

300 

600 

530 

1,000 

10  Mm. 

20  Mm. 

80  Mm. 

40  Mm. 

60  Mm. 

0.39  In. 

0.79  In. 

1.2  In. 

1.6  In. 

2.0  In. 

35 

00 

170 

280 

410 

65 

160 

300 

480 

690 

120 

300 

400 

720 

1,040 

230 

520 

790 

1,070 

1,360 

420 

890 

1,280 

1,670 

2,150 

630 

1,280 

1,800 

2,340 

3,030 

1,140 

2,030 

2,862 

3,734 

4,800 

1,650 

2,860 

4,044 

6,280 

6,800 
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By  the  aid  of  this  table  the  underdrains,  formed  of  layers  of  stones 
of  different  sizes,  were  proportioned  as  shown  in  the  accompanying 
plan  and  sections.  The  larger  stones  were  selected  by  hand,  and  if 
soiled  were  washed.  The  smaller  sizes  were  selected  by  screening, 
and  in  this  way  all  sand  was  removed.  The  stones  of  the  two  larger 
sizes  were  carefully  placed  at  the  open  joints  of  the  pipes  to  allow 
water  to  enter  as  freely  as  possible ;  the  other  layers  were  shovelled 
to  place. 

In  extension  of  the  old  filter-gallery,  to  serve  to  conduct  the  water 
from  the  down-river  underdrains  to  the  gallery,  a  conduit  was  built 
with  walls  four  inches  thick  of  brick  laid  in  Portland  cement  mortar, 
with  the  mortar  left  out  of  the  end  joints,  which  were  a  little  more 
than  an  eighth  of  an  inch  wide.  This  conduit  was  two  feet  in 
diameter  for  a  length  of  105  feet,  then  20  inches  in  diameter  for  a 
length  of  120  feet,  then  16  inches  in  diameter  for  a  length  of  65 
feet,  then  12  inches  in  diameter  for  a  length  of  30  feet,  beyond 
which  were  ten-inch,  eight-inch  and  six-inch  glazed  pipes,  in  lengths 
of  30  feet,  laid  as  in  the  underdrains.  This  conduit  was  surrounded 
by  the  large  stones  2  inches  in  diameter  for  a  thickness  of  4  inches, 
with  layers  of  decreasing  sizes  around  this,  making  a  total  thickness 
of  about  8  inches. 

Great  care  was  taken  to  deposit  the  filtering  sand  so  that  the  mass 
should  be  as  homogeneous  as  possible.  It  was  deposited  in  two 
layers.  The  first  layer  was  covered  with  planks  as  fast  as  laid,  upon 
which  the  loads  were  hauled,  and  these  were  dumped  upon  the  planks 
near  the  edge,  so  that  a  part  of  the  load  ran  over  the  bank  and  the 
other  part  was  shovelled  over.  If  the  edge  of  the  bank  remained 
exposed  to  the  wind  and  sun  the  coarser  material  would  appear  on 
the  surface  and  run  down.  Such  an  edge  was  shovelled  over  before 
an  addition  was  made. 

The  second  layer  was  dumped  upon  the  planks  resting  upon  the 
lower  layer  and  shovelled  up  to  grade,  and  upon  taking  up  the  planks 
the  lower  layer  was  shovelled  over  to  the  depth  of  one  foot  and  a 
half  to  remove  the  packing  of  the  sand  which  was  evident  under  the 
planks,  sometimes  to  a  depth  of  one  foot. 

It  will  be  evident  that  watchful  care  was  necessary  in  laying  the 
underdraining  stones  to  see  that  no  bar  of  finer  material  crossed  it  in 
any  direction.  In  fact,  the  success  of  the  filter  depended  largely 
upon  careful  and  conscientious  superintendence  of  the  construction 
of  the  underdrains  and  the  bed.     This  was  accomplished  by  Mr. 
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Charles  C.  Campbell,  who  had  an  intelligent  appreciation  of  the 
essentials  to  success  and  most  scrupulous  care  that  the  work  should 
be  done  as  directed. 

Sand  for  the  filter  was  obtained  from  a  bank  about  seven-eighths 
of  a  mile  away,  where  layers  and  pockets  were  found  containing  all 
kinds,  from  the  very  fine,  almost  impervious,  sands  to  large  gravel 
stones,  and  much  unsuitable  material  had  to  be  removed  in  selecting 
layers  from  which  suitable  sand  could  be  obtained.  By  judicious 
selection,  screening  and  mixing  the  two  kinds  of  sand  were  obtained 
and  wheeled  to  piles  for  loading.  These  piles  were  frequently  tested 
by  half  filling  with  sand  a  cylinder  six  inches  high  and  three  inches 
in  diameter,  having  a  wire  bottom.  The  sand  was  packed  slightly 
and  covered  with  a  wire  screen  and  the  cylinder  filled  with  water, 
and  the  time  observed  that  it  took  the  water  to  pass  below  the  sur- 
face of  the  sand.  Time  limits  for  the  two  grades  were  determined 
at  the  laboratory,  making  correction  for  the  temperature  of  the  water, 
and  the  accuracy  of  these  tests  at  the  bank  was  determined  by  occa- 
sionally taking  duplicate  samples  to  the  laboratory  and  making  reg- 
ular mechanical  analyses  by  means  of  sieves. 

The  filter  was  completed,  at  a  cost  of  about  $65,000,  in  the  forenoon 
of  Sept.  20,  1893,  just  about  one  year  from  the  time  of  commencing, 
although  there  were  four  or  five  months  when  work  was  suspended ; 
and  in  the  afternoon  of  September  20  the  inlet  gate  was  opened  and 
the  water  filled  the  open  conduit  along  the  base  of  the  embankment, 
ran  into  the  carriers,  and  gradually  flowed  over  the  one  and  one-third 
miles  of  level  edge  and  entered  the  sand,  disappearing  in  a  short  dis- 
tance at  first,  but  gradually  as  the  sand  was  filled  extending  further 
from  the  carriers  and  filling  the  bottom  of  the  twenty-six  valleys,  and 
then  rising  slowly  up  their  sides  and  covering  the  ridges,  forming  a 
shallow  pond  of  two  and  a  half  acres.  Then  the  pumps  were  started, 
and  when  running  at  the  rate  of  five  million  gallons  in  twenty-four 
hours  we  found  that  the  difference  in  level  between  the  water  over 
the  filter  and  in  the  pump-well  was  seventeen  inches. 

The  water  first  coming  through  the  filter  contained  an  extremely 
fine  dust  in  suspension,  probably  washed  from  the  surfaces  of  the 
stones  and  underdrains.  In  the  first  ten  days  the  chemical  changes 
in  the  water  were  as  follows :  the  albuminoid  ammonia  was  reduced 
from  0.0168  to  0.0108  in  parts  per  100,000.  The  free  ammonia  was 
reduced  from  0.0113  to  0.0072,  and  the  nitrates  were  increased  from 
0.0120  to  0.0200  part.    The  color  was  reduced  from  0.36  to  0^&  <s^ 
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the  scale  for  color.  Since  that  time  the  average  change  has  been  in 
albuminoid  ammonia  from  0.0187  to  0.0104;  free  ammonia  from 
0.0067  to  0.0087,  and  the  nitrates  from  0.0140  to  0.0390  part,  and 
the  color  reduced  from  0.42  to  0.35.  The  hardness  of  the  water 
has  increased  from  1.3  to  2.9.*  This  change  is  probably  partly  tem- 
porary, due  to  absorption  of  lime  from  the  conduit  and  carriers,  but 
it  is  partly  due  to  ground  water,  as  it  was  the  greatest  when,  in  the 
latter  part  of  February  and  early  part  of  March,  there  was  the 
greatest  loss  of  head  through  the  filter  and  consequently  the  greatest 
draft  from  the  ground.  At  the  same  time  there  was  an  increase  in 
the  free  ammonia  of  the  filtered  water,  evidently  due  to  the  same 
cause ;  but  this  cause  was  an  exceptional  condition  due  to  the  sur- 
face of  the  bed  not  having  been  cleaned  for  three  months,  which  will 
probably  not  occur  again. 

While  the  improvement  of  the  water  by  the  removal  of  the  sus- 
pended matter  and  the  burning  up  of  the  organic  matter  that  was 
readily  oxidizable  was  very  satisfactory,  the  most  important  change 
and  the  real  object  of  the  construction  of  the  filter  was  the  removal 
of  bacteria,  and  especially  of  those  kinds  of  bacteria  that  are  danger- 
ous to  health,  known  as  disease  germs. 

The  removal  of  bacteria  is  not  merely  a  straining  process ;  it  is 
accomplished  by  making  conditions  unfavorable  to  the  life  of  bac- 
teria in  the  passage  through  the  filter,  which  conditions  grow  with 
the  proper  use  of  the  filter.  In  the  first  three  days  75  per  cent,  of 
the  number  of  bacteria  applied  came  through  the  filter.  In  the  next 
three  days  30  per  cent,  came  through,  but  in  the  first  week  in 
October  only  4  per  cent,  came  through,  and  in  the  next  week  2  per 
cent. ;  that  is,  during  the  first  three  weeks'  use  the  number  of  bac- 
teria in  the  effluent  rapidly  decreased  to  2  per  cent,  of  the  number 
applied,  and  from  that  time  to  the  present, f  excepting  on  two  occa- 
sions when  work  on  the  filter  or  in  the  pump-well  interfered  with 
the  results,  the  effluent  from  the  filter  has  contained  1.7  per  cent, 
of  the  number  of  bacteria  contained  in  the  river  water,  the  filter 
having  removed  98.3  per  cent,  of  all  of  the  bacteria  in  the  water 
applied  to  it.* 

But  the  result  given  to  the  people  is  better  than  this.     It  appears 
that  with  the  removal  of  those  parts  of  the  organic  matter  that  are 


k 


*  For  results  in  detail  of  examinations  of  water  from  the  Lawrence  water  works  before  and 
after  filtration  see  pages  530-541,  also  181-186. 
t  June  1, 1894. 
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easily  oxidized  the  food  material  of  the  bacteria  has  been  removed, 
and  as  the  water  flows  on  through  the  reservoir  and  through  the 
pipes  the  conditions  of  life  are  still  unfavorable  for  the  bacteria,  and 
they  go  on  decreasing,  so  that  the  numbers  found  at  the  outlet  of 
the  reservoir  are  but  one  and  two-tenths  per  cent,  of  the  numbers 
in  the  river  water ;  and  at  the  tap  in  the  city  hall  the  numbers  pf 
bacteria  found  are  but  nine-tenths  of  one  per  cent,  of  the  numbers 
in  the  river  water.'  More  than  ninety-nine  per  cent,  of  all  of  the 
bacteria  of  the  river  water  have  been  removed. 

The  experiments  of  the  State  Board  of  Health  go  to  show  that 
with  this  result  we  can  rely  upon  the  complete  extinction  of  alt  of 
the  disease  producing  germs  that  may  have  been  in  the  water. 

We  have  seen  the  effect  of  the  ti  Iter  upon  the  bacteria  of  the  water 
applied  to  it ;  we  will  now  seek  the  effect  of  the  filter  upon  the  inhab- 
itants of  Lawrence.  It  has  been  stated  that  the  deaths  from  typhoid 
fever  in  Lawrence  were  about  three  times  those  of  other  cities  in  the 
State.  Its  relation  to  other  cities  from  a  broader  field  is  shown  by 
the  following  diagram,  in  which  are  given  the  percentage  of  mortality 
from  typhoid  fever  to  the  total  mortality  in  London,  New  York,  Bos- 
ton, Philadelphia,  Chicago  and  Lawrence. 

Diagram  showing  Percentage  of  Typhoid  Fever  Mortality  to  Total  Mortality  in 
London,  New  York,  Boston,  Philadelphia,  Chicago  and  Lawrence  from  1870 
I;  1H93. 
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That  the  typhoid  fever  that  has  in  the  past  affected  Lawrence  so 
seriously  has  come  down  the  river  year  after  year  may  be  confirmed 
by  the  following  diagram  containing  three  broken  lines.     The  heaviest 

Diagram  showing  Deaths  per  100,000  Inhabitants  in  Boston,  Lowell  and  Lawrence 
from  Jumt  1889,  to  May,  1894. 
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line  indicates  the  number  of  deaths  from  typhoid  fever  in  100,000 
inhabitants  in  the  city  of  Boston  in  each  month  in  the  past  live  years. 
This  line  represents  approximately  the  number  of  deaths  from  this 
disease  in  100,000  inhabitants  in  the  cities  of  the  State  and  the  months 
in  which  they  occur.  It  will  be  seen  that  the  months  of  greatest  prev- 
alence are  September  and  October  of  each  year.  A  vertical  line  has 
been  drawn  at  such  time  of  prevalence  in  each  year  at  Boston,  and 
this  is  nearly  the  time  of  its  prevalence  in  our  cities  generally. 

We  see  that  in  these  months  the  disease  prevailed  to  as  great  an 
extent  in  Lowell  and  Lawrence,  but  that  following  this  period  in 
about  two  months  it  prevails  at  Lowell  to  a  much  greater  extent,  and 
one  or  two  months  later  it  prevails  to  a  still  greater  extent  in  Law- 
rence. This  is  the  case  year  after  year  until  during  the  past  winter, 
when  in  February  and  March  there  was  an  increase  in  Lawrence  fol- 
lowing that  at  Lowell,  but  instead  of  lieing  in  greater  numbers,  as  in 
former  years,  it  was  to  only  about  half  as  many  per  100,000,  and  the 
cause  of  this  increase  will  now  be  considered. 

In  the  following  diagram  the  average  number  of  deaths  from 
typhoid  fever  at  Lawrence  for  each  month  from  October  to  May,  in 
the  preceding  five  years,  are  given  by  the  heavy  dotted  line;  and 
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the  number  during  the  past  eight  months  are  given  by  the  heavy 
full  line. 

Typhoid  Fever  in  Lawrence. 


The  total  number  for  the  eight  months  in  past  years  has  been 
forty-three,  and  in  the  present  year  seventeen,  making  a  saving  of 
twenty-six.  Of  the  seventeen  who  died  nine  were  operatives  in  the 
mills,  each  of  whom  was  known  to  have  drunk  unaltered  canal 
water,  which  is  used  in  the  factories  at  the  sinks  for  washing. 

The  finer  full  line  shows  the  number  of  those  who  died  month 
after  month  who  are  not  known  to  have  used  the  poisoned  canal 
water.     The  whole  number  in  the  eight  months  is  eight. 

It  is  evident  from  the  previous  diagram  that  the  numbers  above 
the  fine  full  line,  hero,  follow  after  those  at  Lowell  in  the  usual  time, 
and  were  undoubtedly  caused  by  the  sickness  at  Lowell ;  but  we 
have  satisfactory  reason  to  conclude  that  the  disease  was  not  propa- 
gated through  the  filter  but  that  the  germs  were  conveyed  directly 
into  the  canals  and  to  those  who  drank  of  the  unfiltered  canal  water. 
Among  the  operatives  of  one  of  the  large  corporations  not  using  the 
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canal  water  there  was  not  a  case  of  typhoid  fever  during  this  period. 
Warnings  have  been  placed  in  the  mills  where  canal  water  is  used 
to  prevent  the  operatives  from  drinking  it. 

We  find,  then,  that  the  mortality  from  typhoid  fever  has,  during 
the  use  of  the  filter,  been  reduced  to  40  per  cent,  of  the  former  mor- 
tality, and  that  the  cases  forming  nearly  one-half  of  this  40  percent, 
were  undoubtedly  due  to  the  continued  use  of  unfiltered  river  water 
drawn  from  the  canals. 

The  effect  of  the  filter  in  preventing  the  communication  of  diarrhoea! 
and  other  diseases  carried  by  water  can  be  given  after  the  season  of 
the  year  when  these  diseases  prevail.  We  can  say  further  at  present 
that  the  physicians  have  very  generally  reported  a  marked  improve- 
ment in  the  health  of  the  people  since  the  filter  came  into  use. 

The  study  of  this  problem  and  its  solution  have  established  with 
more  of  certainty  than  ever  before  three  important  points  in  sanitary 
science :  — 

1.  The  insufficiency  of  the  self-purification  of  streams. 

2.  The  ready  conveyance  of  typhoid  fever  down  a  stream  by 
sewage-polluted  drinking  water. 

3.  The  practicability  of  protecting  a  community  against  an  in- 
fected drinking  water  supply  by  natural  sand  filtration. 
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Cities  and  Towns  in  Massachusetts. 
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SEWAGE  PURIFICATION  OF  CITIES  AND  TOWNS  IN 

MASSACHUSETTS. 


The  last  annual  report  (1892)  contained  a  paper  upon  the  "  Sew- 
age Disposal  of  Cities  and  Towns  in  Massachusetts  by  Intermittent 
Filtration,"  which  was  accompanied  by  chemical  analyses  of  the  sew- 
age and  effluent  from  the  works  of  the  three  places  described,  viz. : 
Framingham,  Marlborough  and  Gardner.  Owing  to  the  time  required 
for  the  publication  of  that  report  it  was  feasible  to  include  in  it 
analyses  made  up  to  the  end  of  July,  1893.  In  the  present  paper 
results  from  sewage  disposal  works  at  several  additional  places  are 
given,  and  analyses  of  sewage  and  effluent  from  the  three  places 
mentioned  above  are  included  only  from  the  first  of  August  to  the 
end  of  the  year.  A  short  description  of  each  of  the  systems  exam- 
ined is  given  in  the  following  pages,  and  to  assist  the  reader  in 
understanding  the  conditions  at  the  various  places  some  of  the  state- 
ments made  last  year  are  repeated. 

The  first  plant  for  the  disposal  of  town  sewage  by  intermittent 
filtration  in  Massachusetts  was  constructed  at  Lenox  in  1876.  A 
system  for  the  disposal  of  the  sewage  of  a  portion  of  the  town  of 
Amherst,  partly  by  filtration  but  chiefly  by  irrigation,  was  con- 
structed about  1881,  and  a  small  system  for  the  disposal  of  sewage 
by  intermittent  filtration  was  introduced  at  Medfield  in  1886.  Since 
the  last  date  the  towns  of  Framingham  and  Gardner  and  the  city  of 
Marlborough  have  constructed  and  are  now  operating  works  for 
the  disposal  of  sewage  by  intermittent  filtration,  and  a  new  disposal 
field  has  been  constructed  and  is  in  use  at  Lenox.  The  city  of 
Brockton  (population  in  1890,  27,294,)  is  at  present  constructing 
works  of  this  kind,  which  will  be  operated  in  1894.  There  are, 
also,  several  large  institutions  which  dispose  of  their  sewage  by  inter- 
mittent filtration.  The  sewage  of  the  city  of  Worcester  is  treated 
by  chemical  precipitation,  as  described  on  page  341  of  this  report. 

[M3] 
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In  order  to  learn  the  results  obtained  by  the  systems  of  sewage 
disposal  in  the  various  places,  the  State  Board  of  Health  has  caused 
many  analyses  of  the  sewage  and  effluent  from  the  filter-beds  at 
Framingham,  Gardner  and  Marlborough  to  be  made,  and  has  also  made 
one  or  more  chemical  examinations  of  the  sewage  and  effluent  from 
the  sewage  disposal  works  at  Amherst,  Lenox,  Medfield,  Westbor- 
ough  and  Wcllesley  College.  The  results  of  these  analyses  are  given 
in  connection  with  a  description  of  the  works  in  the  pages  which  fol- 
low. Analyses  made  by  the  chemists  at  Worcester,  showing  the 
results  obtained  at  the  chemical  precipitation  works  there,  have 
already  been  given  on  page  345. 

Sewage  Disposal  at  Amherst. 

The  population  of  the  town  in  1890  was  4,512.  Sewerage  facilities 
have  been  provided  only  for  portions  of  the  main  village,  and  the 
sewage  is  disposed  of  by  two  systems. 

The  first  system,  begun  in  1881  and  subsequently  extended,  col- 
lects the  sewage  from  about  1,000  inhabitants.  The  sewage  flows  to 
a  settling  tank  about  a  mile  south-east  of  the  village  and  thence 
through  a  pipe  520  feet  long  into  Fort  River. 

By  the  second  system,  since  1886,  the  sewage  of  a  portion  of  the 
thickly  populated  part  of  the  town  north  of  the  town  hall  has  been 
applied,  after  settling  in  a  tank,  to  a  field  having  an  area  of  about 
three  acres  and  a  slight  slope,  located  about  half  a  mile  north  of  the 
village.  It  is  said  that  there  are  about  300  people  connected  with  this 
system,  and  storrp- water  is  excluded  from  the  sewers.  The  sewage 
is  conducted  by  a  ten-inch  pipe  to  a  settling  tank  located  on  the 
upper  side  of  the  disposal  field.  The  tank  is  about  4  feet  deep 
and  holds  about  500  gallons.  The  outlet  pipe  is  arranged  to  avoid 
drawing  the  scum  from  the  surface  of  the  tank,  and  discharges  into 
a  long  ditch  running  along  the  upper  side  of  the  field,  from  which 
the  sewage  is  discharged  through  openings  in  its  sides.  The  place 
of  discharge  is  changed  from  time  to  time  by  blocking  up  the  exist- 
ing opening  and  making  a  new  one.  The  sludge  from  the  settling 
tank  is  removed  at  intervals  and  composted.  Analyses  of  the  sew- 
age before  and  after  settling  in  the  tank  are  given  below.  There 
is  no  opportunity  to  obtain  a  sample  of  the  effluent  from  this  field, 
as  the  sewage  sinks  into  the  ground  and  does  not  reappear  in  such 
a  way  that  a  sample  can  be  collected. 
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Chemical  Examination  of  Sewage  from  Amherst. 

[Parti  per  100,000.] 
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Cliemical  Examination  of  Sewage  from  Amherst  —  Concluded. 

[Parte  per  100,000.] 


Ammonia. 

i 

i 

Chlorine. 

NlTBOOBN  AS      ! 

OXYOEN           1 

Consumed.* 

j            lEON. 

i 
albuminoid. 

• 

m 

£ 

as 

■ 

3 

£ 

5 

i 

5 
5 

Filtered. 

1 

W 
♦* 

•-• 

1 

** 

• 

• 

3 

o 
H 

Dlssolred. 

i 
*      i 

g     . 

&     i 

00 

• 

1 

a 

1 

33 

1.9200 
1.2000 

.6300 
.3420 

.4060 
.2480 

1 

.2240 

.0940  i 

1 

i 

1 

I 

3.44 
3.43    ' 

.0000 
.0000 

1 

.0000  I 

1 

.0000  i 

1 
1 

0.8800 
0.1490 

0.7740 
3.9130 

.0750 
.0800 

.0500 
.0000 

6.7 
4.9 

Odor,  offensive. The  first  sample  was  collected  from  the  main  sewer  of  the  northerly  system  as 

it  discharges  Into  the  settling  tank.    The  last  sample,  from  the  pipe  which  conveys  sewage  from  the 
settling  tank  to  a  ditch  on  the  sewage  disposal  area. 

*  The  determinations  of  Oxygen  Consumed,  given  in  this  paper,  were  made  after  boiling  five 

minutes. 
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Sewage  Disposal  at  the  Norfolk  County  Jail,  Dedham. 

Chemical  Examination  of  Water  front  Hie  Brook  which  flows  from  Fisher's  Ice  Pond 
above  and  below  the  Sewage  Disposal  Area  of  the  Norfolk  County  Jail. 

[Part*  per  100,000.] 
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Iron,  in  each  sample,  .0080.  Odor,  distinctly  vegetable,  disappearing  on  heating. The  first  sam- 
ple was  collected  about  500  feet  above  the  sewage  disposal  area  and  the  last  a  very  short  distance  below 
it.    Sewage  had  been  discharged  upon  the  area  about  0  hours  before  the  samples  were  collected. 

It  is  evident  from  the  analyses  that  no  sewage  effluent  was  present  in  the  sample  collected  below  the 
disposal  area. 

Microscopical  Examination, 

No.  9835.  Dlatomace®,  Aiteriontlia,  2;  MeridiontS;  8ynedrat2;  Tabellaria,  1.  Fungi,  Oreno* 
thrix*  3.    Miscellaneous,  Zooglixa,  48.    Total,  64. 

No.  9836.  Diatomacere,  Meridian  t2\  Synedra,!.  Fungi,  Crenothrlxt  3.  Miscellaneous,  Zodglata, 
28.    Total,  34. 


Sewage  Disposal  at  Framingham. 

The  town  of  Framingham  (population  in  1890,  9,239,)  contains 
three  villages,  of  which  South  Framingham  is  by  far  the  most 
populous,  and  up  to  the  present  time  is  the  only  village  sewered. 

The  sewerage  system  was  put  in  operation  near  the  end  of  the 
year  1889,  and  at  the  end  of  the  year  1893,  610  dwelling-houses 
and  41  business  blocks,  stores,  factories,  etc.,  were  connected  with 
the  sewers.  In  addition  to  this  the  sewage  of  the  women's  prison 
(population  about  350),  located  in  the  town  of  Sherborn,  just  be- 
yond the  Framingham  line,  is  taken  care  of  by  this  system. 

Storm-water  is  excluded  from  the  sewers,  and  a  continuous  system 
of  undcrdrains  was  laid  beneath  the  principal  sewers  to  collect  and 
carry  off  the  ground  water.  The  amount  of  sewage  flowing  during 
a  season  of  high  rainfall,  however,  is  fully  three  times  the  ordinary 
flow.  The  main  underdrain  discharges  by  gravity  into  a  brook,  and 
the  character  of  the  water  discharged  by  it  can  be  seen  by  reference 
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to  a  table  of  analyses  on  page  153  of  this  volume.*  The  average 
amount  of  sewage  pumped  and  purified  in  1893  was  218,000  gallons 
per  day. 

The  sewage,  after  collection  in  a  pair  of  receiving  reservoirs  hav- 
ing a  total  capacity  of  431,000  gallons,  is  pumped  during  the  day- 
time to  the  filtration  area,  which  is  located  about  two  and  one-half 
miles  north-east  of  the  village  of  South  Framingham.  This  area,  a 
more  detailed  description  of  which,  accompanied  by  a  plan,  may  be 
found  in  the  annual  report  of  the  Board  for  1892,  page  560,  covers 
about  seventy  acres,  much  of  which  is  quite  level  and  at  an  eleva- 
tion of  about  20  feet  above  Bannister  Brook.  An  area  of  about 
twelve  acres  has  been  specially  prepared  for  filtration  by  dividing  it 
into  ten  beds  of  convenient  size,  removing  most  of  the  loam,  which 
was  used  in  the  construction  of  embankments  between  the  beds,  and 
by  levelling  the  surface.  Six  of  the  beds  are  underdrained  to  a 
limited  extent. 

In  1893  about  nine  acres  of  the  prepared  beds  were  planted  with 
field  corn  (maize),  and  the  remainder  with  squashes,  beans,  pota- 
toes and  cabbages.  The  crops  were  very  satisfactory,  especially  the 
field  corn,  and  received  only  ordinary  attention.  The  preparation 
of  additional  filter-beds  is  under  way  in  order  to  increase  the  area 
to  be  devoted  to  farming  purposes.  The  present  area,  however,  is 
amply  sufficient  for  the  disposal  of  the  sewage. 

A  reasonable  objection  has  often  been  made  to  the  cultivation  of 
crops  in  connection  with  intermittent  filtration,  where  the  area  is 
small,  owing  to  the  danger  that,  in  order  to  avoid  injuring  the  crops, 
the  flow  of  sewage  at  certain  seasons  of  the  year  will  either  be  con- 
centrated on  a  small  portion  of  the  area  or  allowed  to  escape  unpuri- 
fied.  In  the  case  of  Framingham,  however,  the  cultivation  of  crops 
has  had  a  favorable  effect  upon  the  purification  of  the  sewage  by  in- 
ducing the  preparation  of  additional  filter-beds,  by  loosening  the 
soil  by  ploughing  and  other  disturbances  of  the  surface  incident  to 
cultivation,  and  by  the  removal  by  the  crops  of  matters  brought  to 
the  beds  in  the  sewage. 

The  surfaces  of  nine  of  the  filter-beds  were  left  during  the  winter  of 
1893-94  in  hills  and  furrows,  and  without  disturbance,  after  the  crops 


*  Analyses  of  water  from  this  underdrain  are  also  given  in  the  annual  reports  of  the  Board 
for  1890,  1891  and  1892,  pages  149,  131  and  126,  respectively.  The  first  sample  analysed  was 
collected  before  any  sewage  had  been  admitted  to  the  sewers,  and  the  character  of  the  water  hM 
not  changed  materially  since  sewage  was  admitted. 
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had  been  removed  from  them.  The  remaining  bed  was  ploughed  and 
wide  furrows  made,  about  6  feet  apart,  at  right  angles  to  the  carriers 
along  the  side  of  the  bed  from  which  the  sewage  is  applied.  It  was 
found  that  this  bed  gave  the  most  satisfactory  results,  particularly 
when  there  was  much  snow  on  the  ground.  It  is  also  to  be  noted 
that  the  beds  where  the  surface  is  left  in  hills  and  furrows  are  much 
more  efficient  in  winter  than  beds  with  level  surfaces. 

The  quality  of  the  sewage  and  of  the  effluent  from  several  different 
places  may  be  seen  by  the  tables  of  analyses  on  the  following  pages. 
The  sewage  is  ordinary  town  sewage,  discolored  and  somewhat  modi- 
fied in  character  at  times  by  a  considerable  amount  of  spent  dyes 
discharged  into  the  sewers  from  the  straw  goods  factories  in  the 
town. 

With  regard  to  the  purification  effected  at  Framingham  it  may  be 
said  that  the  conditions  for  filtration  are  very  favorable,  owing  to  the 
large  area  of  land  in  use  in  proportion  to  the  amount  of  sewage 
treated,  the  porosity  of  the  material,  which  has  an  effective  size  of 
0.32  to  0.42  millimeter,  and  the  depth  to  ground  water.  Another 
favorable  condition  is  the  high  temperature  of  the  sewage  in  winter 
(48°  to  50°  F. )  due  chiefly  to  the  fact  that  the  water  supply  of  the 
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*  This  average  is  for  the  whole  year  1893,  and  Includes  the  results  of  analyses  made  during  the 
earlier  part  of  the  year  and  printed  in  tho  preceding  annual  report. 
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town  is  taken  from  the  ground  and  has  a  winter  temperature  of  about 
49°. 

Only  a  small  portion  of  the  effluent  is  collected  by  the  underdrains 
beneath  the  beds,  and  of  this  quantity  all  or  nearly  all  again  enters 
the  ground  and  receives  a  second  filtration  before  it  reaches  the 
brook,  while  most  of  the  effluent  passes  for  a  long  distance  through 
the  ground  and  appears  in  the  form  of  springs  at  the  edge  of  the  low 
land  near  the  brook.  The  existence  of  lateral  filtration  to  such  a 
marked  degree  is  believed  to  be  a  very  important  feature  of  the 
Framingham  filter-beds. 

The  average  degree  of  purification  of  the  applied  sewage  in  1893, 
as  indicated  by  the  albuminoid  ammonia  in  the  analyses,  is  as  fol- 
lows :  — 
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Sewage  from  Framingham. 
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Odor,  offensive. The  sewage  was  collected  as  it  flowed  ont  npon  the  filter-beds. 
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Chemical  Examination  of  Effluent  from  the  East 

[Parta  per  100,000.] 
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*  The  average  given  here  includes  the  results  of  analyses  made  during  the  earlier  part  of  the  year 
and  printed  in  the  preceding  annual  report.    No  analyses  were  made  in  January  or  February. 


Chemical  Examination  of  Effluent  from  the  West 
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11185 

Sept.  25 
Oct.    12 

.  None. 

i 

i  None. 

Considerable, 
yellowish. 
Very  slight. 

0.02 
0.03 

|  Faintly  musty. 
'  None. 

Distinctly 

sweetish. 
Faintly  musty. 

6 

11284 

Nov.     1 

None. 

Slight. 

0.02 

'  None. 

1 1 

Distinctly  musty. 

7 

8 

11323 
11415 

Nov.  10 
Nov.  29  1 

|  Very  slight, 
i  None. 

Slight, 

yellowish. 
Very  slight. 

0.00 
0.00 

Very  faint  or  none. 

i 

1  None. 

Distinctly  musty. 
Distinctly  musty. 

9 

11402 

Dec.    13  | 

1  None. 

Slight,  earthy. 

1    0.00 

0.04 

1 

None. 

Very  faint  or  none. 

10 

1  " 
Av.* 

! 

1- 

1        

1 

i 



., „ 

i 

*  This  average  is  for  the  whole  year  1893,  and  includes  the  results  of  analyses  made  during  the  earlier 
part  of  the  year  aud  printed  in  the  preceding  annual  report. 
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Underdrain  at  the  Framingham  Filter-beds. 

[Part*  per  100,000.] 


on. 

Ammonia. 

XlTIOGBV  AS 

i 

g  £    > 

a  2 
S           i 

Free. 
Albuminoid. 

Chlorine. 

Nltratei. 

Nltritei. 

s 

a 

s 

1           K 

,       O            | 

• 

• 

e 
•a 

m 
33 

* 

e 

e 

i 
35.50      ; 

j       .0720 

1 
.0060    J 

1      4.89 

l 

1      2.4000 

i 
.0120 

1 

1 

1       .1501 

6.2 

.0100 

1 

27.50      | 

|       .0640 

.0040    1 

i      3.80      ' 

1                   | 

!       1.5000 

.0080 

1       .1659 

5.4 

.0120 

2 

16.70      | 

.0280 

.0060 

2.58      1 

I 

1.3000 

.0070 

I       .1716 

3.9 

.0400 

3 

19110      J 

.0560 

.0060 

3.89 

|      1.0000 

.0010 

i      .0738 

3.6 

.0050 

4 

29.70      i 

j 

.1480 

i 

.0270 

I      5.45 

I 

1      1.2000 

| 

.0090 

1       .3442 

8.1 

.0200 

5 

28.40      | 

1       .1320 

.0110    | 

1      5.01 

;     1.0000 

.0090 

!       .3080 

t 

7.1 

.0120 

6 

29.10      ' 

i 

.0400 

.0040    | 

i      5.22 

i 

1.4000 

.0060 

;      .1826 

6.4 

.0040 

7 

26.30 

i       .0600 

.0040    j 

>      3.80 

1.7000 

.0120 

i      .1914 

i 

6.0 

.0000 

8 

28.80 

1       .1120 

.0040 

4.07 

1.8000           .0050 

1       .1504 

1 

6.0 

.0200 

9 

24.70 

i 

.1786 

.0095 

1      3.85 

i 

1.2202 

.0074 

1 

i 

5.6 

.0114 

10 

The  sample*  were  collected  from  the  underdrain  at  its  outlet. 


Underdrain  at  the  Framingham  Filter-beds. 

[Parts  per  100,000.] 


sf 

=  2 

<o  "■ * 

v 

Gtf 


29.80 
27.10 
28.70 
'28.00 
23.60 
24.90 
24.70 
•26.00 
20.10 


Ammonia. 


mO  .  DO 


.0480 
.0520 
.0320 
.0600 
.0160 
.0280 
.0320 
.0400 
.0560 


.1071 


o 

a 

6 

s 


.0030 
.0050 
.0030 
.0150 
.0030 
.0050 
.0040 
.0040 
.0040 


.0080 


4.00 
4.17 
3.93 
3.79 
3.62 
3.58 
3.97 
3.46 
3.63 


3.64 


]             NlTBOOKX  AS 

1 

l 

■ 

tea. 

Nltn 

Nltrl 

i 

1       1.6000 

i 

.0100      I 

| 

i        1.6000 

.0040 

1        1.7000 

.0030 

1.4000 

.0050      ' 

i 

1.8000 

.0010 

j        1.0500 

.0060 

'•      1.2000 

.0040 

1.1000 

1 

•0050 

1        1.6000 

.0030 

1.0360 

.0045 

The  samples  were  collected  from  the  underdrain  at  its  outlet. 
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Chankal  Examination  of  Water  from  a  Spring  near  Bannister 
[Fans  par  loo.ooo.] 


i 

I      1      1 

1      , 

A 

,«,«««. 

l 

wot 

i 

€ 
1 

1 

1 

1 

! 

i 

i       1  ism. 

None. 

Nodo. 

0 

0       None, 

'  Nooe. 

1  1    1W»     Aug 

30 

No  DO. 

Very  .llihl. 

0 

0     I    None. 

i  Nono. 

S  1     1)000  1  Sept 

11 

Nooo. 

Son.. 

0 

0    ,   Non*. 

Nod.. 

4  |    110M  1  Sopt 

*i 

Hon*. 

enght. 

0 

0     ,    Norm. 

■  Nodo. 

6  1     HIST     Oct. 

IS1 

None. 

Very  .light. 

0 

0    '    1400*. 

1  None. 

S  1    11380  '  Not. 

Soils. 

None. 

» 

0      None. 

■  None. 

T  !    1132a  |  Nor. 

.0 

Hon*. 

None. 

0 

0       Nodo. 

None. 

*  |     1H1T  1  »0». 

• 

None. 

None. 

0 

0       Nodo. 

None. 

10 

IHWIIHO. 

IS 

Noon. 

None. 

0 

0       None. 

None. 

0 

0      

*  The  average  given  bar*  looludea  the  reiulli  of  an.  !>"•*■  mtdti  daring  the  earlier  part  of 


[  Pr.ru  par  100,000.] 


u.      ! 

pr^l 

iff',  t 

1 

ill 

iw  .0042  est 

.02M 

.0001    1.1S1S 

11010  i  Sept.  11   '.  DUtlnct.     Slight. 
11085  '  Sept.  24  '  Slight.       Blight. 


It;  .0013  .0100.0122.0 
»1.00H.01o2:.  0128.0 


0.illW.» 
■  0.4182  2. 


»  I    Blight.  ' 


Slight.  !.»,,». 2S  2.SSr.0O20:.02B2  .0262  .0020' 0.H  .(HW^.O 
V.allght.i1.4o|l.a)|2.0S|l.OOM|.0270j.OI50..0020  0.»7  -tHiu',0 
I  Slight.  0.B5  e.j.1|2.60  '. 0018. Olio!. 0204  ,.01  SO  0.S0  .0380.0 
1.15    7.37J  3.117     ,00-M  .OSSH'.O-.a);  .0042  O.t*  .OM.V.O 


Odor,  distinctly  vegetable,  r 
louldyor  unpleuant. The 
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Brook,  which  receives  Effluent  from  the  Framingham  FUter-beds. 

[Parti  per  100,000.] 


5 

Ammonia.    , 

Chlorine. 

KlTROOKM  AS 

Oxygen 

Consumed. 
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m 
m 
C» 

P 

• 

e 

£ 

to* 

§  1   i 

a    a   i 

«  * 

9 

Free. 

Albuminoid. 

Nitrates. 

• 

• 
•c 
5 

14.30   ' 

i 

i 
.0000     .0010  ! 

2.77 

.4500 

.0000 

i 
1 
1   .0276 

3.4 

.0050 

1 

14.10   ' 

.0006  1   .0022  1 

i 

2.80 

1   .7000 

.0000 

J   .0553 

2.0 

.0000 

2 

13.50 

.0000 

.0000  i 

2.66 

.7000 

.0000 

'   .0078 

4.2 

.0000 

3 

13.45   : 

.0000  |   .0016  | 

2.72 

1   .5000 

.0000 

I   .0410 

3.6 

.0025 

4 

14.70 

.0004  1   .0004  | 

1        1 

2.81 

'   .5250 

1 

.0000 

1   .0445 

3.0 

.0040 

6 

15.50 

.0000  |   .0000  1 

2.03 

1   .5500   '   .0001 

;   .0400 

4.4 

.0000 

6 

14.25 

.0000  '   .0008  | 

3.17 

|   .5000 

.0000 

1   .0006 

i 

4.0 

.0000 

7 

14.30 

.oooo  ;  .0012  1 

1          1 

2.64 

.6000 

i 

.0000 

1   .0870 

3.0 

.0000 

8 

14.00 

.0000  1   .0010  1 

1 

2.63 

I   .5800 

.0000   I 

1 

|   .0482 

4.6 

.0060 

0 

13.45 

.0001  1   .0014 

1 

2.76 

,   .5005   1   .0000 

i 

1 

1 

3.6 

.0030 

10 

the  year  and  printed  in  the  preceding  annual  report.    No  analyses  were  made  In  January. 


Sewage  Disposal  at  Gardner. 

The  Gardner  sewerage  system  was  put  in  operation  about  Aug.  1, 
1891.  At  the  end  of  1893  there  were  161  connections  with  the 
sewers,  120  of  which  were  from  dwelling-houses  and  the  remainder 
from  factories,  business  blocks,  hotels  and  public  buildings.  The 
population  of  the  town  in  1890  was  8,424.  With  the  exception  of 
roof-water,  used  for  flushing  purposes,  from  a  limited  number  of 
buildings  at  the  upper  ends  of  the  sewers,  surface  water  is  excluded. 
The  quantity  of  sewage  is  not  definitely  known,  but  it  is  probably 
not  far  from  200,000  gallons  per  day  in  dry  weather. 

The  tract  purchased  by  the  town  for  the  disposal  of  the  sewage 
contains  1G.9  acres.  Much  of  the  material  upon  this  tract  was  found 
to  be  too  fine  for  the  filtration  of  sewage,  and,  as  a  result,  the  filter- 
beds  are  almost  wholly  artificial,  being  formed  of  the  porous  sand  and 
gravel  from  a  ridge  upon  this  tract.  There  are  twelve  thoroughly 
underdrained  filter-beds  for  the  disposal  of  sewage,  having  a  total  area 
of  1.39  acres,  two  supplementary  beds  which  are  less  porous  and  not 
underdrained,  having  a  total  area  of  0.37  acre,  and  two  other  small 
underdrained  beds,  containing  together  0.14  acre.     One   of  these 
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small  beds  is  used  to  receive  the  sludge  from  the  sludge  tank,  and 
the  other  to  receive  the  discharge  from  a  blow-off  located  at  the 
lowest  point  in  the  pipe  leading  from  the  town,  which,  for  the  last 
1,050  feet  of  its  length  where  it  crosses  the  valley  of  Pond  Brook, 
is  an  inverted  siphon.  This  bed  was  not  used  in  1893,  however, 
because  it  has  been  found  that  if  clogging  occurs  the  sewage  backs  up 
in  the  pipe  until  sufficient  head  is  obtained  to  remove  the  obstruction. 
The  material  of  the  filter-beds  has  an  effective  size  of  0.10  to  0.24 
millimeter,  which  is  somewhat  coarser  than  at  Marlborough  but  much 
finer  than  at  Framingham.  The  underdrains  beneath  the  beds  are 
generally  twenty  feet  apart  and  at  a  depth  of  from  four  to  five  feet 
below  the  surface  of  the  beds. 

The  sewage,  when  it  reaches  the  disposal  area,  first  passes  through 
duplicate  separating  tanks  having  a  total  capacity  of  about  10,000 
gallons,  and  overflows  through  wooden  troughs  upon  the  disposal 
area,  as  described  in  the  annual  report  of  the  Board  for  1892,  page 
580. 

It  has  been  the  custom,  except  during  the  winter  months,  to  apply 
sewage  to  one-half  of  the  beds  one  day  and  the  other  half  the  next, 
and  once  in  ten  days  or  two  weeks  to  remove  one-eighth  to  one- 
quarter  inch  of  scum  and  clogged  sand,  and  afterward  to  rake  to  a 
depth  of  about  1.5  inches  to  loosen  the  material.  Below  this  depth 
the  material  is  compact  to  a  depth  of  several  inches. 

Chemical  Examination  of 


[Parts  per  100,000.] 
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1 
i 

1 
1 
I 

1 
i 

'uUcctiun.     1 

i 

AprBARANCE. 

RCSIDCK  ON  I 
AI.   RESIDUE. 
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LOSS 

TIOK. 
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TOT 
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1 

Z> 

•6 

i 
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-* 

— 
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S 

13 

« 

^9 

1 

1 
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• 

iirbidl 

it 

a 

i 

• 

© 

"3 

> 
m 

I      ■ 

m 
9 

1 

■    3 

> 

c 

J5 

a 
• 
a, 

m 
9 

1 

as 

1*93. 

H 

X 

...°...    ' 

^ 

X 

H 

£ 

«3 

1 

| 

■ 

* 

i 

1  ! 

10795  1 

Aug.  14 

Thick. 

Heavy,  dark. 

0.90 

64. 50 

45.30 

19.20 

32.20 

17.30  ! 

14.90 

2  I  10920  | 

Aug.  80 

Decided, 

Cons. 

0.50 

28.40 

19.10 

9.30 

15.40 

7.40  ' 

8.00 

j 

i             milky. 

i 

1 

3 

11002 

Sept.  11 

;  Decided, 

thick. 

Heavy. 

0.50 

60.10 

25.80 

34.30 

41.10 

13.60 

27.50 

4 

11097 

8ept.  27 

Decided. 

neavy,  gray. 

0.70 

32.80 

21. SO 

11.00 

1S.00 

10.00 

8.00 

5 

11180 

Oct.    12 

Decided. 

neavy,  gray. 

1.20 

46.40 

25.40 

21.00 

29.20 

11.60 

17.60 

6 

11268 

Oct.    30 

!  Decided. 

Heavy,  gray. 

1 .20 

36.00 

24.00 

12.60 

19.00 

9.00 

10.00 

7 

11334 

Nov.  14 

Decided. 

Heavy,  gruv. 

0.60 

29.20 

18.40 

10. so 

13.00 

7.00 

6.60 

8 

11410 

Nov.  28 

.  Decided. 

Heavy,  gray. 

0.60 

35. SO 

20.40 

15.40 

16.40 

8.00 

8.40 

9 

11487 

Dec.   13 

Very  thick. 

neavy. 

.  0.70 

43.20 

2".8i> 

22.40 

30.00 

10.20 

19.80 

10 

11556 

Dec.  27 

,  Thick. 

Cons.,  whito. 

1  0.60 

2S.S0 

23.20 

5.60 

IT. SO 

12.20 

5.60 

U 

At.* 

0.01 

33.35 

20.90 

12.45 

19.«>1 

9.23 

9.79 

l 
i 

*  ThU  average  is  for  the  whole  year  1S93,  and  Includes  the  results  of  aualyses  made  during  the 
Mllltr  pint  of  the  year  and  printed  in  the  preceding  annual  report. 
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The  results  obtained  at  Gardner  have  been  satisfactory  in  the  sum- 
mer,  but,  as  stated  in  the  last  annual  report,  in  order  to  obtain  these 
results  it  has  been  necessary  to  attend  carefully  to  the  distribution  of 
the  sewage  upon  the  different  beds,  and  to  remove  at  frequent  inter- 
vals the  scum  which  forms  upon  them.  During  cold  weather  when 
the  removal  of  this  scum  is  prevented  by  snow  and  ice  upon  the 
beds,  it  has  not  been  found  practicable  to  filter  the  sewage  upon  the 
small  area  provided,  and  a  portion  of  it  has  overflowed  into  the 
brook.  In  December,  1893,  the  surfaces  of  the  filter-beds  remained 
smooth,  and  were  unprepared  by  ridging  or  otherwise  for  use  in 
cold  weather,  and  during  the  latter  part  of  the  month  the  sewage 
froze  to  the  surfaces  of  some  of  the  beds.  The  remaining  beds  were 
used  beyond  their  capacity  and  remained  constantly  covered  with 
sewage,  thereby  making  the  filtration  continuous,  while  a  consider- 
able quantity  of  sewage  overflowed  into  the  brook.  The  effluent  of 
the  portion  of  the  sewage  filtered  through  the  beds  deteriorated  in 
quality  when  cold  weather  began. 

The  analyses  of  sewage  and  effluent  from  the  Gardner  filter- 
beds,  from  August  to  December,  1893,  are  given  in  the  following 
table.  The  averages  of  analyses  for  the  whole  year  1893  show  that, 
of  the  sewage  filtered,  91.1  per  cent,  of  the  organic  matter  (as 
represented  by  the  albuminoid  ammonia)  was  removed  from  the 
sewage  by  filtration. 


Sewage  from  Gardner. 


[Paris  per  100,000.] 
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.0200 
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Odor,  offensive. The  sewage  was  collected  as  it  flowed  upon  the  beds. 
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Chemical  Examination  of  Effluent  from  the 

[Peru  p«t  100,000.] 
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1 

*  The  aterase  gliao  bel  i 


Chemical  Examination  of  Water  from  Pond  Brook  above  the  Gardner  FUter-btdt. 

[Parte  per  100,000.] 
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Chemical  Examination  of  Water  from  Pond  Brook  below  the  Gardner  Filter-beds. 
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Sewage  Disposal  at  Lenox. 

The  village  of  Lenox  is  situated  upon  high  laud,  from  which  the 
ground  slopes  to  the  west,  south  and  east.  The  first  attempt  at  sew- 
age purification  was  made  in  1876  at  a  small  field  upon  the  westerly 
slope  of  the  hill.  In  1881  the  sewage  of  a  few  houses  on  the  southerly 
slope  of  the  hill  was  conveyed  to  a  small  tract  of  land  at  the  foot  of 
the  hill  in  the  town  of  Stockbridge  and  there  disposed  of.  In  1888 
the  principal  sewerage  system  of  the  town  was  completed,  and  by  it 
the  sewage  is  conveyed  to  a  disposal  field  about  two  miles  east  of  the 
village  and  near  the  Housatonic  River. 

This  system  diverted  much  of  the  sewage  which  formerly  went  to 
the  small  field  on  the  westerly  slope  of  the  hill,  but,  notwithstanding 
the  reduced  quantity  of  sewage  going  to  this  field  and  the  small 
quantity  going  to  the  southerly  field,  the  neighboring  land  owners 
objected  to  the  use  of  these  areas  for  sewage  disposal,  and  in  De- 
cember, 1893,  works  were  completed  for  collecting  the  sewage  of 
the  westerly  and  southerly  slopes  at  a  pumping  station  west  of  the 
village  and  for  pumping  it  into  the  main  system  of  sewers  leading  to 
the  easterly  field,  which  will  be  the  only  one  in  use  after  the  pump- 
ing station  is  operated. 

The  sewers  of  Lenox  are  pipe  sewers,  and  storm-water  is  excluded 
from  them,  except  a  small  quantity  of  roof-water,  which  is  admitted 
for  flushing  purposes.  There  are  said  to  be  about  1,000  persons 
connected  with  the  system  ordinarily,  but  during  the  summer  season 
the  number  is  more  than  doubled. 

The  main  pipe  leading  from  the  village  to  the  easterly  disposal 
field  is  twelve  inches  in  diameter,  and  ends  at  a  settling  tank  on  the 
upper  portion  of  the  hillside,  about  800  feet  from  the  Housatonic 
River.  The  tank  is  of  masonry,  and  has  two  separate  compartments. 
There  are  two  overflow  pipes,  one  discharging  into  a  pipe  connecting 
with  the  sub-surface  disposal  system  and  the  other  with  a  pipe  which 
has  a  direct  connection  with  the  river.  There  is  also  a  pipe  at  the 
bottom  of  the  tank  through  which  the  sludge  can  be  run  out  when- 
ever the  tank  needs  cleaning. 

The  sewage  is  disposed  of  beneath  the  surface  by  turning  it  into 
stone  drains,  which  are  long,  nearly-level  trenches,  filled  with  stone 
up  to  within  a  short  distance  of  the  surface,  and  above  the  stone 
with  earth  and  loam.  In  addition  to  the  stone  the  trench  contains  a 
six-inch  Akron  pipe,  with  open  joints,  through  which  the  sewage 
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from  the  settling  tank  is  conveyed  to  the  drains.  These  drains  vary 
in  length  from  200  to  800  feet. 

Beneath  these  stone  drains  are  underdrains,  about  thirty  feet  apart, 
running  down  hill  toward  the  river.  The  underdrains  are  laid  with 
tight  joints  where  they  pass  beneath  the  stone  drains  and  with  open 
joints  between  the  drains. 

The  material  of  the  disposal  field  is  compact  and  nearly  imper- 
vious, so  that  only  a  portion  of  the  sewage  will  filter  through  the 
ground  and  the  remainder  flows  out  from  the  stone  drains  upon  the 
surface  through  relief  pipes  which  have  been  laid  at  their  farther 
ends,  or  passes  off  into  the  river  through  one  of  the  overflow  pipes 
at  the  settling  tank. 

In  the  following  table  will  be  found  analyses  of  sewage  and 
effluent  taken  from  different  points  of  the  Lenox  system.  The  sew- 
age is  very  dilute,  owing  to  the  large  amount  of  ground  water  enter- 
ing the  sewers.  It  may  be  noticed,  by  reference  to  the  table,  that 
the  second  and  third  samples,  taken  from  the  settling  tank  after 
some  precipitation  had  taken  place  and  from  the  ends  of  the  stone 
drains,  are  much  less  impure  than  the  first  sample,  which  was  col- 
lected from  the  main  sewer.  There  was,  doubtless,  some  improve- 
ment in  quality  caused  by  the  passage  of  the  sewage  through  the 
settling  tank  and  through  the  drains,  but  the  bulk  of  the  difference 
is  probably  due  to  the  fact  that  the  sewage  from  the  main  sewer 
represented  the  day  sewage,  while  the  samples  from  the  tank  and 
drains  represented  to  a  greater  extent  the  night  flow,  the  larger  pro- 
portion of  which  is  ground  water. 

Chemical  Examination  of  Sewage  and  Effluent  from  the  Lenox  Sewage 
Purification  Works. 

|P*[U  per  100,000. j 
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Chemical  Examination  of  Sewage  and  Effluent  from  the  Lenox  Sewage 

Purification  Works  —  Concluded. 

[ParU  per  100,000.] 
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The  first  sample  was  eolleeted  from  the  sewer  which  conveys  sewage  from  the  town;  the  second, 
from  the  main  settling  tank;  the  third,  from  the  ends  of  the  sab-surface  pipes  in  the  stone  drains;  the 
last,  from  the  outlet  of  the  nnderdrains.  . 


Sewage  Disposal  at  Marlborough. 

The  sewerage  system  of  the  city  of  Marlborough  (population  in 
1890,  13,805)  was  completed  late  in  1891,  and  at  the  end  of  1893 
there  were  about  800  connections,  including  those  from  all  of  the 
larger  places,  such  as  hotels,  factories,  etc.  The  total  length  of 
sewers  was  21.58  miles.  The  so-called  separate  system  was  adopted, 
but  no  underdrains  were  laid  beneath  the  sewers  and  a  large  amount 
of  ground  water  enters  them  at  certain  seasons  of  the  year. 

As  the  sewage  arrives  at  the  disposal  field  it  passes  through 
separating  tanks  and  screens  before  passing  into  the  distributing 
pipes.  The  tanks  are  built  in  duplicate,  to  facilitate  cleaning,  and, 
including  the  portions  where  the  screens  are  situated,  are  each  about 
twenty-five  feet  long,  six  and  one-half  feet  wide  and  six  feet  deep. 
The  screens  are  of  wire  and  have  a  one-inch  mesh.  The  elevation 
of  the  tanks  above  the  sandy  land  is  such  that  it  was  feasible  to  pre- 
pare beds  upon  which  the  sludge  deposited  in  the  tanks  could  be 
turned  by  gravity. 

Thirteen  sewage  beds,  with  a  total  area  of  9.6  acres,  and  six 
sludge  beds,  with  a  total  area  of  1.7  acres,  have  been  prepared  for 
the  disposal  of  the  sewage  and  the  sludge.  The  material  of  the 
beds  is  finer  than  that  of  Framingham  and  Gardner,  and  has  an 
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effective  size  of  0.12  to  0.14  millimeter.  The  area  has  a  moderate 
slope  toward  a  small  brook,  and  is  from  seven  to  twenty-two  feet 
above  it.  The  beds  are  thoroughly  underdrained  by  means  of 
parallel  lines  of  four-inch  pipes,  laid  with  open  joints  fifty  feet  apart 
and  about  six  feet  beneath  the  surface.  All  of  these  drains  dis- 
charge into  the  brook  before  mentioned. 

The  sewage  is  ordinary  city  sewage,  varying  in  strength  from  time 
to  time  with  the  amount  of  ground  water  which  enters  the  sewera. 
The  average  quantity  is  not  definitely  known,  but  it  was  probably 
in  the  neighborhood  of  400,000  gallons  per  day  during  1893. 

Previous  to  December,  1893,  it  is  said  that  the  beds  were  gener- 
ally flooded  in  turn  for  twenty-four  hours,  but  that,  beginning  with 
this  month,  they  were  flooded  in  turn  as  before,  but  for  only  half  a 
day  at  a  time,  and  the  results  obtained  from  this  treatment  show, 
apparently,  an  improvement.  The  beds  were  harrowed  twice  dur- 
ing the  year,  about  the  first  of  May  and  the  first  of  November,  with 
a  wheel-harrow,  to  a  depth  of  four  to  six  inches.  In  November  no 
leveller  was  attached  to  the  harrow,  and  the  surface  was  left  in 
alternate  ridges  and  furrows.  The  grass  and  weeds  were  cut  several 
times  during  the  summer,  and  in  the  fall  several  beds,  where  the 
weeds  grew  more  luxuriantly,  were  ploughed  before  harrowing.  A 
considerable  portion  of  the  sludge  in  the  sewage  passes  through  the 
separating  tanks  and  in  time  forms  a  thick  scum  upon  the  surfaces  of 
the  filter-beds.  This  scum  was  removed  at  irregular  intervals  during 
the  warmer  months,  but  not  during  the  winter.  As  a  general  rule 
the  scum  was  removed  before  the  surfaces  were  ploughed  or  harrowed. 

With  the  aid  of  the  furrowed  surfaces  and  the  application  of  smaller 
doses  the  filters  disposed  of  the  sewage  during  the  winter  months 
with  satisfactory  results.  At  times  there  has  been  considerable  odor 
from  the  sludge  beds,  but  as  the  beds  are  a  long  distance  from  any 
road  or  habitation  this  has  not  been  a  source  of  complaint. 

It  has  not  been  the  custom  to  employ  a  man  constantly  in  caring 
for  the  beds,  but  to  employ  a  man  living  in  the  neighborhood  to 
attend  to  changing  the  flow  of  sewage  from  bed  to  bed,  and  to  re- 
move the  scum  from  the  surfaces  of  the  beds,  paying  him  by  the 
hour  for  the  time  spent  on  the  work.  The  cost  of  all  work  done  on 
the  beds  during  the  year  1893  amounted  to  $497.19. 

The  averages  of  the  analyses  for  the  whole  year  1893  indicate  that 
94.2  per  cent,  of  the  organic  matter,  as  represented  by  the  albu- 
minoid ammonia,  was  removed  from  the  sewage  applied. 
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Sewage  from  Marlborough. 


[Parte  per  100,000.] 
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Chemical  Examination  of  Effluent  from  the 
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Underdraws  of  the  Marlborough  Filter-beds —  Concluded. 

[Pull  per  109,000.] 
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Sewage  Disposal  at  Medfield. 
A  system  of  sewage  disposal  by  intermittent  filtration  was  intro- 
duced at  Medfield  in  1886,  and  was  described  in  the  Nineteenth 
Annual  Report  of  the  Board  for  the  year  1887.  Up  to  the  end  of 
1893  connections  bad  been  made  with  one  hotel,  three  houses  and  a 
large  straw  factory,  in  which,  at  times,  as  many  as  900  operatives 
are  employed.  The  original  area  of  the  beds  was  about  one  acre. 
The  material  is  mostly  coarse  gravel.  As  the  level  of  the  ground 
water  is  about  ten  feet  below  the  surface  of  the  filter  there  are  no 
underdrains.     There  are  four  beds,  the  surfaces  of  which  are  some-' 


[t'mru  per  100,000.] 


Chemical  Examination  of 
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Chcmieal  Examination  of  Water  Jrom  a  Spring  below 

[Part.  pet  100,000.] 


I138'2 

.            |;                              a™-*™.                                                                 Obo.. 

i|.   L 

July   11      Very  alight. 
An,.  11  1    Very  .light. 

Sept.  13  ;    Very  alight. 
Oct.    11  '   None. 
Nov.  !3  1    None. 

1    !li     i 

5 

4 

Very  .light. 
Very  .light. 
Slight. 
Very  .light. 

Slight. 

0.0';    JNone. 
O.OB    jNone. 

0.03    |  Faintly  meaty. 
0.01  [!m0i». 

Faintly  earthy. 

DIMIneily  vegeta- 
ble eod  mouldy. 
Very  fatal  or  ooiw. 

Feint ly  tnuaiy. 

thofthe  Alter  bed.  I 


No.  34.]         SEWAGE  DISPOSAL  OF  TOWNS. 


587 


what  uneven,  each  of  which,  as  a  general  rule,  takes  the  sewage  in 
turn  for  two  days.  It  was  found  that  there  was  considerable  loam  a 
short  distance  below  the  surface  of  a  portion  of  the  beds  which 
eventually  became  clogged.  In  the  summer  of  1893  this  loam  was 
removed  and  replaced  with  coarse  gravel,  and  the  area  of  the  filter 
increased  about  one-third. 

No  trouble  has  arisen  from  odors.  In  the  following  tables  will 
be  found  analyses  of  the  sewage,  and  of  the  effluent  taken  from  a 
spring  a  short  distance  below  the  filter.  The  effluent  is  of  excellent 
quality,  and  no  deterioration  is  shown  by  the  analyses  when  com- 
pared with  those  made  in  1887,  after  the  works  had  been  in  opera- 
tion for  a  comparatively  short  time. 


Sewage  from  Medfield. 
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the  Filtration  Area  of  the  Medfield  Sewerage  System. 
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260  feet  from  the  edge  of  the  nearest  bed.    The  ground  where  the  filter-beds  are  located  slopes  in  the 
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After  this  clogging  occurred  provision  was  made  for  screening  the 
sewage  so  as  to  prevent  the  entrance  of  coarse  substances  into  the 
eight-inch  pipes. 

In  the  summer  of  1893  some  further  changes  were  made.  Two 
settling  tanks,  each  ten  feet  long  and  six  feet  wide,  were  added,  and 
the  length  of  the  filtration  area  was  extended  to  450  feet,  making 
the  total  area  1.55  acres.  All  of  the  sub-surface  distributing  pipes 
were  relaid,  and  over  the  joints  of  the  pipes,  in  all  cases,  were 
placed  pieces  of  half-pipe  of  larger  diameter.  An  eight-inch  pipe 
was  laid  along  each  side  of  the  filtration  area  and  connected  with 
the  ends  of  all  of  the  three-inch  distributing  pipes.  Gates  have 
been  placed  at  the  lower  ends  of  all  of  the  eight-inch  pipes,  and 
about  once  a  week,  usually  on  washing  day,  they  have  been  opened 
with  a  view  to  flushing  the  entire  system  of  pipes.  The  sewage 
used  in  flushing  discharges  upon  a  thin  filter-bed  about  fifty  feet 
square.  It  has  been  the  custom  to» empty  the  settling  tanks  once  a 
week,  and  at  these  times  the  liquid  matter  is  discharged  upon  a  small 
filter-bed  constructed  for  this  purpose,  while  the  semi-solid  portions 
remaining  are  run  into  carts  and  removed  to  some  woods  at  a  con- 
siderable distance  from  the  buildings  where  they  are  disposed  of  by 
composting.  There  are  about  500  people  connected  with  this  system. 
There  have  been  no  indications  of  clogging  in  the  sub-surface  pipes 
since  the  changes  were  made. 

In  the  following  tables  will  be  found  analyses  of  the  Wellesley 
sewage,  and  of  samples  of  water  taken  from  a  small  brook,  into  which 
some  of  the  eflluent  finds  its  way,  above  and  below  the  filter-bed. 


Sewage  jrom  Wellesley. 
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nettling  tank  and  before  the  sewage  entered  the  flush  tank. 
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Chemical  Examination  of  Water  Jrom  the  Brook  abovt  and  below  the  Wellesley 
Sewage  Filtration  Area. 

[PlrU  per  100,000.] 
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Sewage  Disposal  at  \Vestboroug.i. 

The  construction  of  the  sewerage  system  of  the  town  of  West- 
borough  (population  in  1890,  5,195)  was  begun  in  1891,  and  up  to 
the  end  of  the  year  1893  ninety-one  connections  had  been  made  with 
the  sewers,  forty-three  of  which  were  from  the  larger  places,  such 
as  business  blocks,  factories,  etc.  The  main  sewer  leading  from  the 
town  to  the  place  of  disposal  passes  through  low  wet  ground,  and 
receives  a  large  amount  of  ground  water. 

The  sewage  is  disposed  of  upon  land  located  on  the  right  bank  of 
the  Assabet  River,  in  the  north-westerly  part  of  the  town.  About 
thirty-three  acres  were  taken  by  the  town  for  sewage-disposal  pur- 
poses, 17.5  of  which  may  be  classed  as  swamp  or  meadow  subject 
to  flooding  at  times  of  high  water,  its  surface  being  at  an  elevation 
of  three  feet  or  less  above  the  ordinary  level  of  the  river.  About 
six  acres  of  the  upland  is  at  too  great  an  elevation  to  be  reached  by 
gravity  without  grading. 

The  sewage  is  conducted  to  a  settling  tank  on  the  disposal  area. 
The  tank  is  of  masonry,  built  in  two  compartments,  and  has  a  total 
capacity  of  less  than  1,000  gallons.  Two  filter  beds,  having  a  total 
area  of  a  little  over  two  acres,  were  prepared  in  1892  by  stripping 
off  most  of  the  loam  and  filling  with  coarse  sand  or  gravel  to  depths 
varying  from  about  thirty  inches  nt  the  lower  end  to  about  a  foot  at 
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the  other  end.  The  material  beneath  the  filling  is  a  fine,  compact 
sand  almost  impervious  to  water.  The  surfaces  of  the  beds  are 
from  six  to  six  and  one-half  feet  above  the  ordinary  level  of  the  sur- 
face of  the  water  in  the  Assabet  River,  opposite  the  sewage  field. 
During  the  prevalence  of  high  water  in  the  spring  the  surface  of  the 
water  in  the  river  rises  to  about  three  feet  above  the  ordinary  level. 

Sewage  was  applied  to  the  beds  in  April,  1893,  and  it  was  found 
that  the  sand  beneath  the  artificial  and  porous  surface  layer  was  so  fine 
that  it  remained  saturated  and  also  kept  the  material  above  it  saturated 
for  weeks  after  the  application  of  sewage  had  ceased.  It  is  said  that 
these  beds  could  be  made  to  take  the  whole  flow  of  sewage  for  about 
a  week  by  filling  them  to  the  level  of  the  top  of  the  embankment. 
On  discontinuing  the  use  of  the  beds  in  July  it  took  eight  weeks  for 
the  sewage  to  disappear. 

To  obtain  material  to  prepare  the  filter  beds  as  above  described, 
a  pit  was  excavated  in  a  gravel  ridge  in  the  higher  portion  of 
the  area  owned  by  the  town.  Into  this  gravel  pit,  covering  an  area 
of  approximately  15,000  square  feet,  the  bottom  of  which  is  said  to 
be  six  inches  above  the  ground- water  level,  the  sewage  has  been 
discharged  from  time  to  time,  and  it  has  been  filled  to  the  level  of 
the  bottom  of  the  sewage  carrier,  or  approximately  six  feet  deep, 
forming  a  huge  cesspool,  the  effluent  from  which  appeared  in  the 
form  of  a  flowing  spring,  on  the  surface  of  a  piece  of  low  land  fifty 
to  seventy-five  feet  from  the  edge  of  the  excavation.  During  the 
year  18(J3  sewage  has  also  been  discharged  from  time  to  time  on 
a  portion  of  the  unprepared  ground  and  allowed  to  flow  over  its 
surface  to  find  its  way  to  the  meadows. 

The  selectmen  of  the  town  applied  to  the  State  Board  of  Health, 
Sept.  18,  1893,  stating  that  the  former  advice  of  the  Board  had  not 
been  carried  out,  and  requesting  the  Board  to  make  another  exami- 
nation of  the  present  sewage-disposal  works  at  Westborough,  and 
advise  the  town  farther  in  the  matter  of  sewage  disposal.  The  reply 
of  the  Board  to  this  application  may  be  found  on  page  86  of  this 
volume. 

Toward  the  end  of  the  year  the  surfaces  of  the  two  filter  beds 
were  raised  from  one  to  two  feet  by  the  addition  of  more  coarse 
sand,  and  two  six-inch  underdrains  were  placed  beneath  the  beds  at 
depths  of  from  three  to  five  feet  beneath  the  surface.  In  addition  to 
this  work,  two  additional  beds,  each  about  an  acre  in  area,  were 
prepared  between  the  settling  tank  and  the  river.     The   surfaces 
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of  the  new  beds  were  levelled  to  some  extent,  aod  in  each  two 
four-inch  underdraina  were  kid  three  feet  below  the  surface  at  the 
upper  ends  and  five  feet  below  at  the  lower  ends.  It  is  said  that 
some  of  the  mud  in  the  low  places  on  the  area  covered  by  these  beds 
was  removed  while  preparing  the  beds  and  replaced  with  gravel 
from  a  knoll  situated  partly  within  the  limits  of  the  beds.  There  is 
considerable  loam  remaining  on  each  bed.     Sewage  was  distributed 

Chemical  Examination  of  Sewage  from 
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upon  the  two  new  beds  from  trenches  along  the  sides  and  by  furrows 
across  the  beds.  The  distribution,  however,  at  the  time  the  beds 
were  examined  was  very  uneven. 

In  the  following  table  will  be  found  analyses  of  samples  of  the 
sewage,  of  the  effluent  from  the  gravel  pit  collected  at  the  spring 
already  mentioned  and  of  samples  collected  from  the  Assabet  River 
above  and  below  the  disposal  area. 

the  Westborongh  Sewerage  System, 
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sewer  at  the  point  where  it  discharges  upon  the  filter-beds. 


Beds  of  the  Westborough  Sewerage  System. 
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sample  from  the  underdrain  of  new  filter-beds  which  had  been  in  nee  bat  six  days. 
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Chemical  Examination  of  Water  from  the  Auabet  River  above  and  below  the  Wat- 
borough  Sewage  Filter-beat. 

[Put*  par  100,000.] 


CHEMICAL  PRECIPITATION  OF  SEWAGE 


AT  THE 
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CHICAGO,  1893. 


By  ALLEN  HAZEN, 

CHEMIST,  DEPARTMENT  OF  WATEB  SUPPLY,  SETTERAOE  AMD  PIKE  PROTECTION. 
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CHEMICAL  PRECIPITATION  OF  SEWAGE  AT  THE  WORLD'S 

COLUMBIAN  EXPOSITION,  CHICAGO, 

1893. 


By  ALLEN  HAZEN,* 
Chemist,  Department  of  Water  Supply,  Sewerage  and  Fire  Protection. 


The  sewage  disposal  works  at  the  World's  Columbian  Exposition 
were  described  in  the  "  Engineering  News"  of  Aug.  3,  1893,  which 
contains  drawings  showing  many  of  the  details  of  construction  and 
arrangement. 

The  works  were  designed  and  built  under  the  direction  of  W.  S. 
MacIIarg,  C.E.,  engineer  for  water  supply,  sewerage  and  fire  pro- 
tection, Mr.  C.  M.  Wilkes  being  first  assistant  engineer,  and  the 
construction  of  the  plant  and  the  operation  of  the  machinery  being 
superintended  by  Mr.  C.  E.  Chester.  The  writer  was  employed  to 
superintend  the  precipitation  of  the  sewage  after  the  construction  of 
the  works  was  practically  completed. 

The  works  consisted  in  brief  of  four  cylindrical  iron  settling  tanks 
of  the  Rockner-Rothe  type,  32  feet  high  and  32  feet  in  diameter,  with 
conical  bottoms,  which,  in  a  height  of  22  feet,  tapered  from  32  feet 
to  6  feet  (see  diagram  on  following  pagef).  The  total  height  was 
thus  54  feet,  and  the  capacity  of  each  tank,  as  ordinarily  used  with 
sewage  standing  18  inches  below  the  top,  was  237,000  gallons. 

The  sewage  from  the  various  buildings  on  the  Exposition  grounds 
was  forced  by  Shone  ejectors  into  the  iron  sewers  which  terminated 
in  a  receiving  tank  16  feet  in  diameter  and  10  feet  deep,  where  the 
sewage  was  screened  and  afterward  passed  through  the  four  pipes 
which  conveyed  it  to  the  different  settling  tanks,  receiving  and  be- 

*  Mr.  Hazen,  at  the  time  of  his  appointment  at  Chicago,  was  chemist  in  charge  of  the  Experi- 
ment Station  of  the  Massachusetts  State  Board  of  Health  at  Lawrence.  He  held  the  position 
at  Chicago  during  a  leave  of  absence  granted  by  the  Board. 

t  The  plate  from  which  this  diagram  is  printed  was  kindly  furnished  by  the  Engineering 
News  Publishing  Company. 

[W7] 


598  STATE  BOARD  OF  HEALTH.  [Pub.  Doc. 

coming  mixed  with  the  necessary  chemicals  on  the  way.  The  mixed 
and  precipitated  sewage  then  passed  down  through  central  cylinders, 
6  feet  in  diameter,  to  points  near  the  bottoms  of  the  tanks,  where  it 
was  distributed  by  sheet-iron  arms  and  the  precipitate  settled  to  the 
bottom,  while  the  clarified  liquid,  ready  for  discharge  into  the  lake, 
slowly  rose  to  the  top,  where  it  was  removed  by  a  set  of  troughs 
drawing  as  nearly  as  possible  equal  quantities  of  effluent  from  equal 


areas  of  surface  to  give  a  uniform  and  regular  upward  movement  to 
the  sewage  in  the  tanks.  The  sludge  which  settled  to  the  conical- 
shaped  bottom  was  expected  to  slide  to  the  point  of  the  cone,  where 
there  was  an  outlet  through  which  it  could  be  drawn  off  from  time  to 
time  for  pressing  without  interrupting  the  continuous  action  of  the 
tanks. 

The  filter-presses,  which  were  exhibited  by  the  Perrin  Company, 
Chicago,  were  made  by  the  G.  H.  Bushnell  Company,  Thompsonville, 
Coon.,  and  produced  at  each  operation  fifty  cakes  of  sludge  36  inches 
in  diameter  and  about  1J  inches  thick,  weighing  about  47  pounds 
each.  The  central  passages  in  the  filter-presses  were  4  inches  in 
diameter,  but  it  was  found  that  rags  and  cotton  waste  which  [ 
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the  bars  in  the  screen,  about  three-fourths  of  an  inch  apart,  would 
frequently  stop  the  4-inch  holes  in  the  plates,  allowing  the  pressure 
to  accumulate  on  one  side  of  the  plate  until  it  broke.  The  delay 
and  expense  of  replacing  plates  was  considerable,  and  it  was  not 
until  the  screen  was  covered  with  a  finer  wire  screen  to  retain  all 
rags  and  the  holes  in  the  plates  were  cut  out  to  six  inches  in  diame- 
ter that  satisfactory  working  was  obtained.  The  quantity  of  sludge 
which  could  be  pressed  with  these  presses  was  much  below  the 
anticipated  amount,  and  the  failure  to  press  promptly  the  sludge  as 
produced  was  often  the  limit,  during  a  large  part  of  the  summer,  of 
the  efficiency  of  the  plant. 

The  sludge  cake,  together  with  the  garbage  from  the  grounds, 
was  burned  in  an  Engle  crematory  near  the  sewage-disposal  works. 

The  object  of  having  four  separate  settling  tanks,  each  of  them 
with  its  independent  appliances  for  mixing  chemicals,  was  to  allow 
the  simultaneous  application  of  different  chemicals  to  sewage  of  pre- 
cisely the  same  composition,  and  to  secure  in  that  way  definite 
comparisons  between  the  different  chemicals  when  working  upon  a 
large  scale.  Such  experiments  were  made  almost  from  the  first,  but 
it  soon  became  apparent  that,  within  wide  limits  at  least,  the  chemicals 
employed  were  not  the  controlling  or  even  the  leading  factor  in  the 
results  obtained,  and  that  the  differences  between  the  various  quan- 
tities or  kinds  of  chemicals  were  often  far  more  than  offset  by  other 
conditions,  which  will  be  described  beyond,  over  which  we  had  less 
control.  In  this  way,  our  investigations,  instead  of  throwing  light 
upon  the  questions  which  we  had  propounded,  have  been  mainly 
confined  to  quite  another  set  of  problems  which  were  scarcely  antici- 
pated before  they  presented  themselves.  We  found  it  necessary  to 
study,  not  so  much  how  to  produce  a  precipitate  by  adding  chemicals 
to  the  sewage,  as  how  to  make  it  settle  to  the  bottom  and  stay  there 
until  it  could  be  removed  and  pressed. 

Manner  of  Delivery  of  the  Sewage  at  the  Works. 

One  of  the  most  troublesome  circumstances  in  connection  with  the 
plant  was  the  irregular  manner  in  which  the  sewage  was  delivered 
at  the  works.  The  flow  of  sewage,  instead  of  coming  regularly,  was 
subject  to  violent  fluctuations,  due  to  the  method  of  collection  and 
to  the  construction  of  the  force  main.     The  sewage  was  forced  into 
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this  main  by  twenty-six  pairs  of  Shone  ejectors  located  at  various 
points  on  the  grounds.  These  were  operated  by  compressed  air 
from  a  central  station  in  Machinery  Hall,  and  each  was  furnished 
with  an  automatic  appliance  to  shut  off  the  air  as  soon  as  the  tank 
was  sufficiently  emptied.  For  some  reason  these  valves  often  failed 
to  act  as  was  intended  and  the  compressed  air  followed  the  sewage 
into  the  pipes  in  large  quantity,  pushing  ahead  of  it  the  sewage  in 
the  sewer  pipes  with  great  rapidity  to  the  precipitation  works.  The 
sewer  pipes  having  been  laid  without  attention  to  grades,  contained 
numerous  summits  and  depressions,  and  the  air  rapidly  accumulated 
in  the  summits  until  finally  the  bulk  of  the  sewage  in  the  sewers  had 
been  forced  to  the  works  when  at  last  the  air  commenced  to  come 
through  the  vertical  discharge  pipe.  This  at  once  relieved  the  press- 
ure and  the  large  volume  of  air  contained  in  the  sewers,  now  rapidly 
expanding  and  mixed  with  varying  proportions  of  sewage,  came  out 
with  explosive  violence,  throwing  quantities  of  sewage  into  the  air 
and  even  through  the  roof.  The  violence  of  these  "  blows  *  can  be 
somewhat  appreciated  when  it  is  stated  that  most  of  the  glass  in 
the  roof  twenty  feet  above  the  outlet  was  broken  by  these  "  blows" 
within  a  few  days  after  the  works  were  started,  and  that  among  other 
debris,  a  piece  of  lead  weighing  nine  pounds,  which  had  been  acci- 
dentally left  in  the  sewers,  was  carried  up  through  and  discharged 
from  the  vertical  pipe  fifty  feet  in  height. 

The  number  of  days  in  each  month  on  which  such  "  blows'*  oc- 
curred, usually  from  one  to  ten  and  sometimes  even  as  many  as 
twenty  "  blows  "  occurring  in  a  single  day,  was  as  follows :  — 

April  (14  to  30),  13  days,  or  76  per  cent,  of  the  total  number  of  days. 
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The  average  maximum  hourly  flow  of  sewage  was  about  6  per  cent. 
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lons ;  it  may  thus  be  said  that  the  normal  flow  of  sewage  which  should 
have  been  obtained,  if  it  had  been  delivered  at  the  same  rate  as  it 
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in  the  three-foot  discharge  pipe.  Actually,  the  ordinary  discharge 
between  "  blows  "  was  much  less  than  this,  and  allowed  much  of  the 
suspended  matter  of  the  sewage  to  be  deposited  on  the  bottom  of  the 
sewer.  Every  time  a  "  blow"  occurred  the  matter  which  had  been 
deposited  since  the  previous  "  blow"  was  flushed  out,  and  at  these 
times  sewage  was  obtained  two  or  three  times  as  concentrated  as 
at  other  times.  Thus  for  short  intervals  enormous  quantities  of 
highly  concentrated  sewage  were  received  at  the  works,  and  the  rest 
of  the  time  only  a  reduced  flow  of  a  sewage  from  which  the  sludge 
had  been  partially  removed,  and  frequently  for  a  time  after  the 
"  blows"  occurred  there  was  no  flow  at  all. 


Precipitants  Employed. 

The  chemicals  employed  as  precipitants  were  copperas  or  crude 
ferrous  sulphate,  crude  alum  or  sulphate  of  alumina,  a  crude  ferric 
sulphate,  and  lime.  The  copperas,  alum  or  ferric  sulphate  was  first 
added  to  the  sewage,  which  then  passed  through  a  mechanical  mixer 
containing  a  rapidly  revolving  paddle-wheel,  and  then  received  the 
lime.  The  mechanical  mixers  for  mixing  the  chemicals  with  the  sew- 
age had  no  advantage  over  a  fishway,  and  were  more  expensive  and 
troublesome  in  construction  and  operation.  The  chemicals  were 
added  mainly  in  accordance  with  the  principles  given  in  the  special 
report  of  the  Massachusetts  State  Board  of  Health  for  1890  ;*  but 
owing  to  variation  in  the  market  prices  of  the  various  chemicals 
and  the  freight  the  relative  costs  were  changed  somewhat. 

The  analyses  and  costs  of  the  various  chemicals  employed,  together 
with  many  other  data,  are  given  in  the  Appendices  following  (pages 
613-624).  In  calculating  the  costs  the  actual  costs  of  chemicals  de- 
livered in  Chicago  are  given  in  each  case,  although  much  lower  prices 
were  paid  for  some  of  the  later  lots  than  at  the  beginning. 

It  was  found  that  the  sludge  produced  with  copperas  and  lime  as 
precipitants  was  much  more  easily  pressed  than  that  with  alum,  even 
when  used  with  lime ;  and  as  the  cost  of  pressing  the  sludge  ex- 
ceeded the  cost  of  precipitating,  copperas  was  a  more  economical 
precipitant  than  alum.  For  the  same  reason  more  lime  was  used 
with  alum  than  was  necessary  to  produce  the  best  effluent,  because 

*  Experiments  upon  the  Chemical  Precipitation  of  Sewage,  by  Allen  Hazen.  Special  Report 
of  the  Massachusetts  State  Board  of  Health  upon  Purification  of  Sewage  and  Water,  1890. 
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the  sludge  produced  in  presence  of  an  excess  of  lime  could  be  much 
more  easily  pressed,  and  the  extra  lime  applied  to  the  sewage  was 
cheaper  than  the  labor  on  the  presses.  For  equal  costs  of  treatment 
copperas  and  alum  produced  equally  good  effluents,  although  the 
effluent  from  copperas  had  more  color  (due  to  the  suspended  iron) 
than  that  from  alum.  The  only  ferric  sulphate  obtainable  contained 
much  free  acid,  with  a  disappointingly  low  percentage  of  soluble 
ferric  oxide,  and  the  rather  poor  results  obtained  should  not  be 
taken  as  disparaging  the  use  of  a  better  quality  of  reagent. 

Two  kinds  of  lime  were  employed,  a  very  pure  lime  from  Hanni- 
bal, Mo.,  and  a  local  dolomite  lime  which  was  used  at  first,  and  on 
one  or  two  occasions  afterwards  when  the  stock  of  Hannibal  lime 
was  exhausted.  This  lime  cost  only  two-thirds  as  much  and  was 
hardly  six- tenths  as  strong  as  the  Hannibal  lime,  and  to  avoid  un- 
necessarily complicating  the  figures  in  the  tables  given  beyond,  when 
dolomite  lime  was  used,  its  weight  is  reckoned  as  its  equivalent  in 
cost  of  Hannibal  lime,  or  two-thirds  its  actual  weight. 

Measurement  and  Composition  of  Sewage  and  Effluents. 

The  quantities  of  sewage  passing  each  tank  were  determined  by 
hourly  weir  measurements,  so  that  the  total  daily  flow  of  sewage 
was  calculated  from  ninety-six  readings.  Records  were  kept  of  all 
these  quantities,  and  of  the  weights  of  the  chemicals  employed. 

Many  samples  of  sewage  and  of  the  different  effluents  were  analyzed 
to  determine  the  efficiency  of  the  treatments,  but  to  avoid  an  unneces- 
sarily large  volume  of  data,  only  the  monthly  averages  are  given 
below,  as  it  is  believed  that  no  additional  information  of  importance 
would  be  obtained  from  a  more  detailed  presentation.  The  method 
of  obtaining  the  samples  was  to  mix  eight  pint  samples  in  a  gallon 
bottle,  the  eight  portions  being  taken  at  such  intervals  that  one- 
eighth  of  the  total  daily  flow  passed  between  each  two  of  them. 
The  samples  of  effluent  were  taken  in  the  same  way,  but  as  much 
later  than  the  corresponding  sewage  samples  as  the  average  time 
required  for  the  sewage  to  pass  through  the  tanks. 

The  analyses  are  believed  to  represent  correctly  the  character  of 
effluent  as  discharged  into  Lake  Michigan  ;  but,  owing  to  the  violent 
fluctuations  in  the  flow  of  the  sewage  mentioned  above,  the  samples 
of  sewage  taken  represent  in  general  the  sewage  between  '«  blows/' 
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when  it  did  not  contain  the  full  amount  of  sludge,  as,  owing  to  the 
personal  danger  involved,  satisfactory  samples  could  not  be  obtained 
during  "  blows,"  and  even  if  they  could  have  been  collected,  it  would 
have  been  impossible  to  determine  how  much  sewage  actually  had  the 
composition  indicated  by  the  samples.  For  this  reason  the  results 
for  loss  on  ignition,  albuminoid  ammonia  and  oxygen  consumed  in 
the  unfiltered  sewage  are  too  low  and  the  results  of  efficiency  given 
must  be  taken  as  relative  instead  of  absolute.  The  soluble  constitu- 
ents, including  chlorine  and  free  ammonia,  were  not  affected  in  the 
least  by  sedimentation. 

The  averages  of  analyses  of  sewage  and  effluents  by  four  weeks' 
periods  are  as  follows  :  — 
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One  of  the  most  striking  features  of  these  analyses  is  the  excessive 
number  of  bacteria  found  in  the  effluents,  —  several  times  as  many 
as  in  the  crude  sewage.  The  causes  of  this  remarkable  condition 
were  investigated  by  Drs.  Wilson  and  Agar  of  the  United  States 
Army  Hospital.  The  results  obtained  show  that,  while  the  sewage 
contained  a  great  variety  of  species  of  bacteria,  the  effluents  con- 
tained only  a  few  species  in  large  numbers,  and  these  forms  were 
very  much  more  abundant  than  in  the  crude  sewage.  It  appears 
that  the  bulk  of  the  bacteria  of  the  sewage  was  taken  to  the  bottoms 
of  the  tanks  in  the  precipitate,  and  did  not  exist  in  the  effluents. 
The  tanks,  however,  served  as  a  breeding  place  for  enormous  num- 
bers of  the  species  found  in  the  effluents,  which  were,  presumably, 
non-pathogenic,  for,  so  far  as  we  know,  the  pathogenic  forms  some- 
times found  in  water  are  probably  incapable  of  growing  in  the  condi- 
tions present  in  the  tanks.  The  treatment  may  be  said  to  have  secured 
a  partial  but  probably  very  incomplete  removal  of  objectionable 
bacteria. 

The  Work  or  the  Individual  Tanks. 

The  quantities  of  sewage  treated  and  chemicals  employed  for  each 
tank  during  the  different  periods  and  the  costs  of  the  chemicals  are 
shown  in  the  following  tables  :  — 


Period  I    June  10  to  July  7, 1893. 


Tankl, 
•«     2, 

"     4, 


Tank  1, 
2, 
3, 
4, 


a 


« 


<c 


Efficiency. 

Percent.   .Suspended  I 
of  Organic      Mutter 
Matter     in  Effluent 

Removed, ;      

as  shown    i>arts  per 


Daily  Quantity  of  j' 
Skwaok  Trratkd  : 
in  Onk  Tank. 


by 

Chemical 

Analysis. 


100,000. 


Thousands  of 
Uallons. 


For  One  Million  Qalloms. 


Average. 


I 

i! 


I'  Cost  of       Lime. 
Maximum..!  Chem- 

li     icals. 

I I 


Copperas.1    Alum. 
Pounds.*  i  Pounds,  i  Pounds. 


Ferric 
Sulphate. 

Pound*. 


$7  44 

8  17 

10  80 


762 

615 

- 

412 

- 

628 

656 

- 

706 

Period  II.    July  8  to  August  4, 1893, 


6.4 
6.7 
6.8 
3.8 


605 
598 
60-1 
454 


765 
749 
786 
512 


$5  79 

744 

376 

- 

7  40 

435 

- 

642 

8  21 

731 

766 

- 

9  20 

626 

363 

896 

i 

*  When  dolomite  lime  was  employed  only  two-thirds  of  itM  weight  Is  used  in  this  table. 

t  The  percentage  purification  Indicated  by  these  figures  in  too  low,  owing  to  the  partial  sedimenta- 
tion of  the  sewage  analyzed,  already  referred  to  on  pages  602,  603.  The  efficiency  of  the  plant  as  a 
whole  la  discussed  beyond.    The  figures  for  each  period,  however,  are  comparable  among  r* 
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Period  III.    August  5  to  September  1, 1893. 


Efficiency. 

Per  Cent 
of  Organic 

Matter 
Removed, 
as  shown 

by 
Chemical 
Analysis. 

41f 

Suspended 

Matter 
in  Effluent 

Parts  per 
100,000. 

Daily  Quantity  of 

Skwaqk  Tbsatkd 

in  On*  Tank. 

Thousands  of 
Gallons. 

Fob  One  Million  Oalloks. 

Average. 

Maximum 

'  Cost  of 
Chem- 
,    kals. 

Lime. 
Pounds.* 

Copperas. 
Pounds. 

Alum. 
Pounds. 

Ferric 

Sulphate. 

Pounds. 

Tank  1,      . 

9.6 

693 

860 

$6  71 

1,033 

835 

- 

- 

II         o 

43f 

6.9 

690 

863 

7  12 

496 

- 

488 

- 

42f 

7.8 

693 

840 

8  82 

1,003 

671 

- 

- 

«i     i 

58f 

5.1 

449 

614 

9  70 

i 

1,079 

744 

- 

- 

Period  IV.    September  2  to  September  29, 1893. 


Tank  1, 
"     2, 

"      3, 


<i 


4, 


Tank  1, 

"     2, 
"      3, 

"      4, 


38  r 

1 
5.9 

651 

912 

$7  08 

1,000 

891 

- 

46f 

8.2 

672 

908 

8  76 

620 

- 

646 

39  f 

7.1 

665 

942 

8  64 

864 

857 

- 

51  f 

4.1 

565 

770 

11  16 

1,278 

820 

- 

176 


Period  V.    September  30  to  October  27, 1893. 


34f 

7.2 

674 

809 

$6  70 

1,060 

604 

- 

46f 

6.2 

622 

604 

948 

677 

- 

723 

31  f 

6.9 

666 

828 

9  18 

793 

- 

- 

37  f 

4.1 

679 

832 

10  82 

1,300 

1,002 

- 

417 


Character  or  the  Sludge. 

The  quantity  of  sludge  pressed  was  estimated  by  weighing  an  occa- 
sional representative  pressing.  No  separate  record  could  be  kept  of 
the  weights  of  sludge  from  the  different  tanks.  Analyses  of  the 
pressed  sludge  were  made  from  time  to  time.  Its  composition  was 
quite  constant,  the  average  result  being  — 


Moisture, 58.0  per  cent 

Dry  matter, 42.0 


ii 


The  dry  matter  contained  — 

Ash, 55.6  per  cent. 

Loss  on  ignition  (in  a  radiator), 44.4       ** 

Fats 8.2       " 

*  When  dolomite  lime  was  employed  only  two-tblrds  of  its  weight  Is  used  In  this  table. 

t  The  percentage  purification  indicated  by  these  figures  Is  too  low,  owing  to  the  partial  sedimenta- 
tion of  the  sewage  analyzed,  Already  referred  toon  page*  002,  608.  The  efficiency  of  the  plant  as  a 
whole  is  dltcussed  beyond.    The  figures  for  each  period,  however,  are  comparable  among  tbAtaaaJci^- 
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During  May  and  June  occasional  "  soft"  pressings  were  obtained, 
which  decreased  the  percentage  of  dry  matter  in  the  total  output. 
The  presses  were  but  rarely  able  to  press  the  sludge  promptly  as 
produced,  and  on  two  occasions,  July  13  and  September  4  to  6,  it 
was  necessary  to  discharge  unpressed  sludge  into  the  lake  to  avoid 
a  nuisance  at  the  works.  There  was  also  a  slight  accidental  dis- 
charge in  October.  The  sludge  was  usually  pressed  without  the  addi- 
tion of  lime.  With  copperas  as  a  precipitant  the  addition  of  lime  to 
the  sludge  had  little  effect  upon  the  rapidity  of  pressing.  With  alum 
as  a  precipitant  the  addition  of  lime  allowed  somewhat  more  rapid 
work,  but  the  same  result  was  obtained  by  mixing  the  sludge  from 
copperas  with  the  alum  sludge. 

The  quantities  of  sludge  pressed  in  the  different  periods  are  shown 
in  the  following  table.  The  table  also  includes  estimates  of  the 
quantity  of  sludge  on  hand  and  of  the  quantity  discharged  into  the 
lake  reduced  to  the  basis  of  pressed  sludge  cake.  These  estimates, 
based  in  part  upon  the  observed  heights  of  sludge  in  the  tanks  at 
different  times,  are  necessarily  only  rough  approximations. 


Summary  of  Sludge  Statistics. 

[In  tone  of  pressed  sludge.] 


Period  —  1898. 

Quantity 

of  Sewage 

Treated. 

Million 
Gallon*. 

Sludge 
Pressed. 

Dis- 
charged 
Into  Lake 
Michigan. 

Stock  of 
Unpreiscd 

Kludge 
on  hand  at 

end  of 

Period. 

9!£!ffip  ■  Per  Cent 

rf„ri.w,    '  Matter  In 
during         Hltiiice 
Ptrlod.        o»»ut»«- 

Tons  Dry 
Matter 

In  Sludge 
Precipi- 
tated. « 

81ndfe 
Per 

Million 

Gallons 
Sewage, 

April  16  to  June    9, 
June  10  to  July     7, 
July    8  to  Aug.    4, 
Aag.    6  to  Sept.   1, 
Sept.    2  to  Bept.  29, 
Sept.  30  to  Oct.    27, 
Totals  and  av'ges, 

47 
62 
63 
71 
09 
71 

86 
140 
192 
260 
297 
320 

13 

83 

4 

10 
36 
10 
46 
10 
30 

96 
166 
180 
285 
296 
344 

38 
41 
42 
42 
40 
38 

86.1 

67.6 

76.6 

119.7 

118.0 

180.7 

2.0 
S.S 

J.9 
4.0 
4.3 
4.8 

373 

1,284 

60 

30 

1,304 

40 

647.7    ]      8.6 

Efficiency  of  the  Process. 

As  stated  above,  it  was  found  that  large  quantities  of  insoluble 
matters  were  removed  from  the  sewage  by  sedimentation  in  the 
sewers  between  "  blows,"  and  when  "  blows  "  occurred  these  matters 
were  washed  out,  so  that  the  sewage  at  these  times  was  often  several 
times  as  concentrated  as  at  other  times.  The  concentrated  sewage  is 
not  properly  represented  in  the  sewage  samples  taken  for  examina- 
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tion  owing  to  the  difficulty  or  impossibility  of  getting  samples  at  these 
times ;  or,  in  case  samples  were  taken,  of  determining  what  propor- 
tion of  the  daily  flow  was  of  the  same  character  as  the  samples.  For 
this  reason  the  efficiency  of  the  plant,  as  calculated  from  the  chem- 
ical analyses,  is  considerably  below  the  actual  efficiency.  We  have, 
however,  a  fairly  satisfactory  record  of  the  quantities  of  organic  mat- 
ters in  the  sludge  and  in  the  effluents,  and  by  adding  them  together 
we  can  obtain  an  approximate  estimate  of  the  matters  in  the  sewage, 
which  is  probably  much  more  accurate  under  the  circumstances  than 
the  direct  calculation  from  the  average  analyses. 

Efficiency  of  Precipitation. 

[By  four  weeks'  periods.] 


,.    .     . 

PERIOD. 
1893. 

Average 

Quantity  of 

He  wage 

Treated 

Dally. 

Thousand 
Gallons. 

Tons 

Organic 

Matter  In 

the  Sewage 

Calcnlated 

from 
Analyses. 

Tons 

Organic 

Metier  In 

the  Effluent. 

Tons 

Organic 

Matter  hi 

the  Sludge. 

flam  Total 

Organic 

Matter  In 

the  Sewage. 

Corre- 
sponding 
Percentage 
of  Organic 

Matter 
Removed. 

April  14  to  June    9,     . 
June  10  to  July     7,     . 
July     8  to  Aug.    4,     . 
Aug.    5  to  Sept.    1,     . 
Sept.    2  to  Sept.  29,     . 
Sept.  80  to  Oct.   27,     . 

830 
1,866 
2,261 
2,529 
2,463 
2,541 

62.9 
60.1 
90.6 
94.6 
102.6 

28.5 
34.3 
46.8 
61.1 
64.6 

16.2 
80.4 
84.0 
63.9 
63.1 
58.8 

68.9 

68.3 

100.7 

114.2 

123.4 

62 
60 
64 
46 

48 

Total,  June  10  to  Oct.  27, 

2,330 

410.7 

235.3 

230.2 

466.6 

49 

This  calculation  indicates  that  for  the  entire  period  the  error  in 
the  average  analyses  of  the  sewage  was  12  per  cent.,  but  that  during 
the  first  part  of  the  time,  when  "blows"  were  less  frequent  the 
error  was  less  and  for  the  last  two  months,  with  almost  continual 
"  blows,"  the  error  was  greater. 

The  calculation  shows  that  as  a  result  of  the  operation  of  the  works 
for  the  twenty  weeks  for  which  complete  data  are  available,  sub- 
stantially one-half  of  the  total  organic  matters  of  the  sewage  was  re- 
moved by  the  precipitation.  This  efficiency  is  slightly  less  than 
was  indicated  for  the  Worcester  plant  by  the  examination  of  the 
Massachusetts  State  Board  of  Health  in  1891,*  and  is  less  than  we 


*  Annual  Report,  1801,  page  267.  [During  this  examination,  which  was  made  for  the  week  ending 
July  20,  1891,  the  average  amount  of  organic  matter  removed  from  the  Worcester  sewage  was  56  per 
cunt.  Since  Mr.  Ilazen's  paper  was  written,  the  annual  report  of  the  superintendent  of  sewers  of  the 
city  of  Worcester  for  1893  has  been  issued,  and  extracts  from  it  may  be  fonnd  on  pages  343-345  of  this 
volume.  As  there  stated,  the  average  amount  of  organic  matter  removed  from  the  sewage  from  July 
19  to  Dec.  1,  1893,  was  about  50  per  cent.    Ed.] 
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had  hoped  to  obtain.  The  experiments  made  at  Lawrence  in  1889* 
had  indicated  that  chemical  precipitation  might  remove  as  much  as 
60  per  cent,  of  the  total  organic  matter  of  the  sewage. 

The  above  calculation  includes  practically  the  whole  operation  of 
the  plant,  with  all  the  conditions  as  they  actually  existed.  Some 
of  the  unfavorable  conditions  which  have  been  mentioned  could 
hardly  have  been  anticipated,  and  in  a  permanent  plant  would  have 
been  rectified;  but  there  was  no  opportunity  for  changes  in  the 
short  time  that  the  plant  was  operated  iu  Chicago.  With  the  single 
exception  of  the  test  of  the  Worcester  plant  for  one  week,  men- 
tioned above,  I  do  not  know  of  any  results  which  can  be  fairly  com- 
pared with  these,  as  it  is  manifestly  unfair  to  compare  the  entire 
operation  of  one  plant  with  a  single  set  of  analyses  from  another 
plant,  taken,  perhaps,  under  the  most  favorable  conditions  possible ; 
and  it  must  be  admitted  that  our  knowledge  in  regard  to  the  total 
result  of  the  operation  of  other  chemical  precipitation  works  is 
extremely  limited. 

The  erroneous  impression  which  may  result  from  a  single  set  of 
analyses  was  well  illustrated  by  the  analyses  of  sewage  and  of  efflu- 
ents from  the  Chicago  works  taken  at  noon,  August  14,  when  the 
sewage  had  reached  its  full  strength,  but  while  the  effluent  was 
mainly  from  the  diluted  sewage  of  the  preceding  night.  The  results 
of  these  analyses  indicated  that  88  per  cent,  of  the  organic  matters 
of  the  sewage  had  been  removed,  and  were  of  course  entirely  mis- 
leading. 

The  disappointingly  low  efficiency  of  the  plant  is,  I  believe,  to  be 
attributed  solely  to  the  unfavorable  conditions  for  sedimentation 
present  in  the  tanks.  The  violent  fluctuations  in  the  flow,  indeed, 
made  it  impossible  to  apply  the  chemicals  to  the  sewage  with  that 
regularity  which  is  necessary  for  the  best  results,  and  the  agitation 
of  the  sewage  in  passing  from  the  outlet  of  the  sewer  to  the  settling 
tanks  was  such  that  miaute  air-bubbles  were  constantly  inclosed  in 
the  precipitate,  often  causing  it  to  rise  at  first  instead  of  sinking ;  but 
in  spite  of  these  minor  difficulties  I  believe  comparatively  good  results 
would  have  been  obtained  had  better  opportunities  for  sedimentation 
been  present.  This  is  strongly  suggested  by  the  record  of  Tank  4, 
which,  during  the  first  three  periods,  was  protected  from  the  exces- 
sive flows  at  the  times  of  "  blows  "  by  sending  the  extra  volume  through 


*  Special  Report  of  the  Massachusetts  State  Board  of  Health  on  Purification  of  Sewage  and  Water, 
1890. 
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the  other  tanks,  and  it  so  received  a  somewhat  smaller  and  very  much 
steadier  flow.  While  the  tank  was  so  operated  it  constantly  gave  a 
very  much  better  effluent  than  the  other  tanks,  and  for  the  whole 
period  averaged  a  removal  of  58  per  cent,  of  the  organic  matters  of 
the  sewage  passing  through  it  at  an  average  daily  flow  of  456,000 
gallons,  while  all  the  other  tanks  for  the  same  time  removed  only 
about  50  per  cent,  of  the  organic  matters,  with  averago  flows  of 
635,000  gallons  daily. 

The  prejudicial  effect  of  these  excessive  flows  for  short  periods  is 
believed  to  be  mainly  due  to  the  general  stirring  up  which  they  gave 
to  the  contents  of  the  tanks.  They  did  not  last  long  enough  for  any 
of  the  sewage  coming  in  them  to  pass  through  the  tanks  before  the 
ordinary  rate  was  restored.  The  sloping  surfaces  of  the  bottoms  of 
the  tanks  were  always  covered  with  more  or  less  sludge,  which  was 
apparently  to  some  extent  loosened  and  mixed  again  with  the  sewage 
at  these  times,  and  did  not  again  completely  settle  back,  but  was 
instead  carried  out  by  the  effluent,  reducing  seriously  the  total 
efficiency. 

It  was  shown  by  several  series  of  chlorine  determinations  that  the 
incoming  sewage  did  not  with  any  regularity  displace  the  sewage 
previously  in  the  tanks,  but  to  a  very  large  extent  mixed  with  it,  and 
a  fraction  of  it  appeared  in  the  effluent  almost  at  once,  long  before 
the  displacement  equalled  the  capacity  of  the  tank.  This  tendency 
may  have  been  increased  by  the  irregularities  of  the  flow,  as  it  un- 
doubtedly was  by  the  variations  in  the  temperature  of  the  sewage.  It 
was  repeatedly  observed  that  the  turbidity  of  the  effluents  increased 
very  much  in  the  latter  pail;  of  the  afternoon,  often  being  two  or 
three  times  as  great  at  five  o'clock  as  at  noon ;  and  it  was  thought 
possible  that  the  slightly  increased  temperature  of  the  afternoon 
sewage  might  have  caused  it  to  come  at  once  to  the  top  and  flow  out, 
leaving  the  colder  night  and  morning  sewage  in  the  tanks,  or  it 
may  have  been  simply  the  effect  of  the  continued  higher  flow  during 
the  hours  in  the  middle  of  the  day  which  brought  this  suspended 
matter  to  the  top  only  after  continuing  for  some  hours. 

The  slowness  with  which  the  sludge  was  removed  from  the  tanks 
undoubtedly  contributed  its  share  to  the  imperfect  results,  although 
it  must  be  said  that  sludge  was  also  present  in  Tank  4  when  it  was 
doing  uniformly  excellent  work  with  a  limited  flow.  The  sludge 
which  settled  on  the  conical-shaped  bottoms  of  the  tanks  did  not  of 
itself  settle  to  the  point  of  the  cone,  but  required  to  be  pushed  down 
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at  intervals  of  two  or  three  days  by  a  heavy  weight  which  was 
pulled  back  by  means  of  an  attached  rope.  The  fact  that  the  lower 
plates  overlapped  the  upper  and  were  secured  by  a  row  of  heavy 
projecting  rivets,  making  ledges  at  every  joint,  may  have  had  some- 
thing to  do  with  the  failure  of  the  sludge  to  slide.  The  filter  presses, 
although  their  capacity  was  continually  increased  as  improvements  in 
details  of  construction  and  operation  were  effected,  only  removed  the 
sludge  so  slowly  that  there  was  hardly  a  time  during  the  whole  oper- 
ation of  the  plant  when  there  was  not  sludge  waiting  to  be  pressed. 
At  times  the  quantity  so  held  became  troublesome  by  decompos- 
ing, and  on  two  occasions,  as  has  already  been  stated,  it  was  neces- 
sary to  discharge  some  of  it  unpressed  into  the  lake  to  avoid  a 
nuisance  at  the  works.  There  was  always  plenty  of  sludge  on  the 
bottoms  and  sides  of  the  tanks  to  be  washed  out  when  the  occasion 
was  favorable. 

Summary. 

In  an  experimental  way  the  sewage  cleansing  works  of  the  World's 
Columbian  Exposition  have  served  to  indicate  some  of  the  peculi- 
arities of  the  form  of  settling-tank  used,  and  have  clearly  defined 
some  forms  of  construction  which  should  not  be  repeated. 

In  a  practical  way  they  succeeded  in  holding  back  from  Lake 
Michigan  thirteen  hundred  tons  of  sludge  removed  from  the  sewage 
treated,  and  containing  two  hundred  and  fifty  tons  of  actual  organic 
matters.  They  prevented  the  sewage  from  making  a  nuisance  along 
the  lake  front  such  as  often  resulted  from  one  of  the  city's  sewers 
discharging  untreated  sewage  just  north  of  the  grounds,  and  they 
reduced  the  danger  of  infection  of  the  water  drawn  from  the  Hyde 
Park  intake  and  supplied  to  the  fair  grounds  and  to  the  southern 
part  of  the  city  of  Chicago. 

As  an  object  lesson  to  thousands  of  visitors  they  have  given  new 
ideas  as  to  the  possibility  and  necessity  of  sewage  treatment  and  as 
to  modern  methods  of  securing  the  cleanliness  of  the  waters  on  which 
many  cities  and  towns  are  located. 
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APPENDIX    I. 

Daily  V<ilume  of  Sewage  in  Thousands  of  Gallon*. 
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APPENDIX   II. 


Showing  Percentages  of  Total  Daily  Volume  for  the  Different  Hours  of  Ike  Dag. 


Houe  Ekdixo  at— 

May.     | 

June. 

July. 

Aogiut. 

September. 

October. 

Whole 
Time. 

1  A.M., 

2.0 

8.1 

3.0 

3.1 

2.7 

8.0 

2    ••     . 

2.2 

3.8 

8.1 

8.2 

2.7 

2.6 

8    "     . 

2.8 

3.2 

2.0 

8.0 

2.8 

2.1 

4    ••     , 

2.3 

2.7 

8.0 

8.0 

2.7 

3.1 

5    «•     . 

2.5 

2.8 

2.0 

8.0 

8.1 

2.9 

«    •«     , 

2.0 

3.8 

2.0 

2.0 

8.8 

1.8 

7    ••     . 

3.7 

2.8 

2.8 

3.0 

2.7 

8.2 

8    M     , 

8.8 

3.2 

8.0 

2.0 

8.0 

8.6 

g    •« 

4.8 

3.8 

3.7 

4.0 

4.0 

8.6 

10    ••     , 

8.3 

4.8 

4.8 

4.8 

4.4 

4.7 

11    M 

5.5 

4.8 

4.7 

5.0 

4.8 

6.4 

12M., 

4.7 

4.8 

5.2 

5.0 

5.2 

6.8 

lPJt., 

8.4 

5.4 

5.4 

5.3 

6.0 

6.8 

2    •« 

5.7 

5.8 

5.2 

5.0 

8.0 

6.8 

8    •• 

8.3 

5.8 

5.8 

5.8 

6.0 

6.0 

4    «• 

6.7 

6.1 

5.4 

5.5 

5.4 

7.0 

5    •« 

8.2 

5.5 

5.5 

5.5 

6.5 

8.2 

«    ••     , 

4.7 

5.8 

5.0 

5.5 

6.6 

6.8 

7    •«     . 

4.0 

5.3 

4.0 

5.5 

5.3 

6.2 

8    " 

3.7 

5.1 

4.0 

4.0 

6.0 

4.0 

0    " 

3.3 

4.2 

4.1 

3.5 

4.0 

8.8 

10    "     , 

3.1 

3.7 

3.8 

3.8 

3.8 

3.8 

11    •• 

3.1 

3.1 

3.1 

3.5 

2.8 

8.2 

12    " 

2.0 

2.8 

4.2 

3.5 

3.4 

2.8 

ToU 

tl«, 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 
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APPENDIX   III. 


Showing  the  Number  of  "  Blows"  on  each  Day.  The  actual  Number  of  Blows  is 
recorded,  except  that  when  they  occurred  at  very  frequent  intervals  for  a 
Number  of  Hours  in  succession,  the  Number  of  Hours  has  been  substituted 
for  the  Number  oj  Blows. 


Day  of  Month— 1893. 


April. 


May. 


Jane. 


July. 


Aagast. 


September. 


October. 


1, 
2, 
3, 
4, 
5. 
8, 
7, 
8, 

10, 
11. 
12, 
13, 
14, 
15, 
16, 

", 
18, 
M. 
20, 

21, 
22, 
23, 
24, 
25, 
26, 
27, 
28, 
29, 
30, 
31, 


1 
2 
1 
5 
3 
8 
6 
2 
1 
0 
0 
0 
0 
2 
0 
10 
0 


6 

7 
1 
0 
3 
6 

10 
0 
0 

10 
0 
4 
6 
1 

10 
0 
7 
6 

10 

10 
3 
1 
0 
0 
0 
6 
3 
6 
3 
0 
4 


2 
0 
0 
0 
0 
0 
0 
0 

1 

0 

1 

10 

10 

0 

0 

0 

1 

3 
0 
4 
10 
6 
0 
1 
0 
0 
0 
4 
0 
0 


0 
0 
8 
4 
1 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
2 
0 
2 
4 
1 
0 
2 
0 
0 
0 
2 
5 
0 
10 
1 
8 


2 
0 
2 
1 
0 
1 
7 
0 
0 
4 
10 
4 
0 
2 
0 
0 
7 
0 
0 
0 
4 
2 
3 
0 
0 
0 


4 

3 
2 
4 
0 
0 
4 
10 
SO 
10 
8 
8 
0 
7 
6 
4 
0 
2 
0 
1 
0 
8 
0 
0 
8 
8 
2 
8 
10 
0 


3 
4 

12 
2 
1 
3 
4 
0 
4 
8 
6 
2 
0 
0 
0 
4 

12 

10 
9 

11 
8 
6 
6 

16 

13 
6 
0 
7 
8 

11 
3 
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APPENDIX    IV. 


Showing  Hourly  Variation  in  Temperature  of  Sewage. 

[Average  temperature  (in  Centigrade  degrees)  of  sewage  at  the  different  hoars  of  the  dmy  for  periods  of 

ten  consecutive  days.] 


Hook. 


8ept.  16 

to 
Sept.  94, 

189*. 


Oct  1 

to 
Oct.  10, 

189*. 


Oct  14 

to 
Oct  M, 


Days. 


12.80  a.m.,  . 

1.80,  . 

2.80,  . 

8.30,  . 

4J0,  . 

6.30,  . 

6J0,  . 

7.80,  . 

8J»,  .       . 

9.80,  . 

10.80,  . 

11.80,  . 
12.80  p.m.,  . 

1.30,  . 

2.30,  . 

8.30,  . 

4.80,  . 

5.30,  . 

6.80,  . 

7.30,  .        . 

8.30,  . 

0.30,  . 

10.30,  . 

11.30,  . 


21.82 
21.06 
21.01 
21.10 
21.04 
21.18 
21.88 
20.80 
21.16 
21.17 
21.16 
21.88 
21.27 
21.10 
21.22 
21.22 
21.88 
21.37 
21.44 
21.20 
21.26 
21.20 
21.21 
21.08 


17.28 
17.81 
17.21 
17.08 
16.00 
16.06 
16.86 
16.03 
17.16 
17.25 
17.43 
17.60 
17.60 
17.68 
17.70 
17.66 
17.61 
17.64 
17.66 
17.88 
17.48 
17.64 
17.83 
17.31 


14.88 
14.24 
14.16 
14.09 
14.00 
18.01 
18.79 
14.08 
18.98 
14.48 
14.86 
14.76 
14.60 
14.86 
14.73 
14.9* 
14.70 
14.76 
14.40 
14.41 
14.89 
14.66 
14.52 
14.29 


17.64 
17.68 
17.46 
17.42 
17.81 
17.86 
17.84 
17.80 
17.48 
17.62 
17.66 
17.89 
17.79 
17.89 
17.88 
17.93 
17.90 
17.92 
17.80 
17:66 
17.69 
17.88 
17.69 
17.56 


0.S4 
0.28 
0.16 
0.12 
0.01 
0.06 
0.04 
0.00 
0.18 
0.82 
0.86 
0.60 
0.49 
0.69 
0.68 
0.08 
0.60 
0.68 
0.60 
0.86 
0.80 
0.68 
0.89 
0.26 
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APPENDIX    V. 


Showing  Hourly  Range  in  the  Chlorine  of  the  Sewage  and  Effluents. 

[Average  chlorine  Id  sewage  or  effluent  at  the  different  hours  for  four  or  five  consecutive  days.] 

[Parts  per  100,000.] 


12  P.M., 
3  A.M., 
6    «• 

8  " 

9  " 

10  «• 

11  " 


12  m. 


1  P.M., 

2  " 

3  " 

4  " 

5  " 

6  •• 
9  •• 

12  •« 


HOUR. 


Average  daily  flow  of  sewage  esti- 
mated at 


Sewage 
May  9  to  13, 

189*. 


4.04 
1.73 
1.28 
0.83 
0.96 
0.95 
1.27 
2.24 
2.03 
3.70 
4.85 
5.61 
5.55 
8.26 
4.90 
4.04 


750,000 


Sewage 

May  30  to 

June  2, 

189*. 


8.86 
6.87 
3.37 

0.97 
1.86 
2.91 
T.75 
7.28 
8.60 
7.89 
9.24 
7.89 
7.87 
9.36 
8.65 


Effluent 

Tank  2, 

May  30  to 

Jane  2, 

189*. 


Sewage 

August  21  to 

August  25, 

1898. 


6.98 
6.04 
6.10 

5.98 
6.90 
5.58 
5.86 
6.23 
6.32 
6.80 
6.47 
5.57 
5.66 
6.97 
5.98 


1,180,000 


3.42 
1.27 
0.85 
2.47 
4.80 
5.56 
6.18 
7.13 
5.29 
7.74 
7.16 
7.24 
7.90 
7.45 
8.42 
8.42 


Effluent 

Tank  1, 

August  21  to 

August  26, 

1898. 


7.84 
6.36 
5.19 
4.09 
4.11 
8.95 
4.11 
4.18 
6.01 
4.46 
5.17 
6.08 
0.67 
7.14 
7.89 
7.76 


2,794,000 


It  is  seen  that  with  the  low  flow  in  May  the  day  sewage  was  being 
slowly  forced  out  of  the  sewers  all  through  the  night.  During  the 
forenoon  nothing  but  slightly  dirty  water  was  received,  and  at  about 
noon  the  morning  sewage  first  made  its  appearance  at  the  works. 
In  August,  with  three  times  as  great  a  flow,  the  morning  sewage 
was  noticeable  as  early  as  eight  o'clock,  and  at  nine  it  had  become 
quite  concentrated.  Afterward  it  slowly  increased  in  strength  until 
nine  in  the  evening,  after  which  the  sewage  was  rapidly  displaced  by 
clear  water,  and  from  midnight  until  morning  very  little  sewage 
matter  was  received. 
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APPENDIX   VI. 


Samples  of  Sewage  and  Effluent  taken  at  Noon  when  the  Sewage  had  reached  its 
full  Concentration  and  while  the  Effluent  was  derived  from  the  Dilute  S 
of  the  Preceding  Night. 

[Part*  per  100,000.] 


APPENDIX    VII. 
Showing  Monthly  Attendance  at  the  Fair  in  comparison  with  the  Volume  of  Sewage- 


_■=*. 

A™. 

I.1TI  AtT« 

««  ■*  T« 

r.«™. 

ar 

MOUTH- IBIS. 

Pan 

k£ 

W0rtMn. 

To«l 

■ndN 

M.y,        . 

m,7oot 

,,m 

w 

406 

1,661 

15.0 

IB. 6 

Jnne,      . 

48,803 

2,«76 

MO 

300 

3.97S 

12. 8 

18.3 

July,       .       . 

OS,  (S3 

2.7M 

1,110 

100 

4.0T8 

10.0 

n.o 

Anguit, .        . 

77,403 

3,511 

1,171 

- 

4,8*7 

IS.  3 

11.* 

Stptamber,    . 

74«a 

4,S» 

1,150 

- 

5,809 

1B.S 

October, 

17,771 

t.m 

1,183 

- 

9,0:14 

12.8 

ToUI.   ud 

371,112 

21,917 

1,071 

so* 

w. 

13.1 

IT.* 

*  Tho  wwage  received  it  tlio  cl««n>tng 
draining  Into  ctlj  luiwcni.  and,  (>  the  iller 
Decenary  (or  Ibla  calculation  lo  eslimato  Ih 


d  the  Plmlnsce,  It  la 
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APPENDIX   VIII. 


Showing  the  Quantities  of  Various  Substances  and  the  Number  of  Bacteria  in  the 
Sewage  for  Each  Person  admitted  to  the  Fair  Grounds. 


Month  — 1893. 

Sewaire 
per  Person. 

Gallons. 

Sewajre 
per  Person. 

Uteri. 

Chlorine 
per  Person. 

Qrams. 

Nitrogen  In 

Free 

Ammonia 

per  Person. 

Qrams. 

Nitrogen  In 

Albuminoid 

Ammonia 

per  Person. 

Qrams. 

Total 

Nitrogen 

per  Person. 

Qrams. 

Bacteria  In 

Billions 
per  Person. 

June, 
July, 
August,    . 
Beptember, 
October,  . 

16.3 
22.0 
21.4 
16.3 
12.6 

62 
84 
81 
62 
48 

8.68 
4.20 
4.40 
3.40 
2.78 

2.06 
2.42 
2.71 
3.00 
2.38 

.61 
.68 
.68 
.63 
.43 

3.07 
8.48 
8.07 
4.06 
8.10 

260 
284 
866 
166 
106 

Averages,  . 

17.7 

67 

3.71 

2.60 

.68 

8.66 

232 

• 

APPENDIX    IX. 

Showing  Quantity,  Composition  and  Cost  of  Chemicals  used  in  Precipitation.* 

I.  Sulphate  of  Alumina. 

[From  Robert  Stevenson  &  Co.,  Chicago.] 
Cost,  in  barrels, |47  00  a  ton. 

Analysis. 

Insoluble  in  water, 06  per  cent 

Alumina, 15.64       " 

Ferric  oxide, 60       ** 

Sulphuric  acid, 34.88 

Moisture  and  undetermined, 48.92       " 

II.  Sulphate  of  Alumina. 

[From  Mbrrimao  Chemical  Company,  Boston  ] 
Cost,  in  bulk, (20  40  a  ton. 

Analysis. 

Insoluble  in  water,   .        . 6.11  percent 

Alumina 13.17       u 

Ferric  oxide, 1.31       " 

Sulphuric  acid, 32.66       u 

Moisture  and  undetermined, 46.75       '* 

Taking  into  account  the  difference  in  analyses  the  first  sample  was 
twice  as  expensive  as  the  second. 

•  The  cost  includes  freight  to  Jackson  Park  in  each  case. 
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III.     COPPEBAS. 
[From  Washburn  &  Moxn,  Wankegan,  111.] 

Cost,  in  bulk, $13  40  a  ton. 

Analysis. 

Insoluble  in  water, 0.24  percent. 

Ferrous  oxide, 25.21 

Sulphuric  acid 28.60        - 

Moisture  and  undetermined, 46.05 


t« 


IV.    Crude  Ferric  Sulphate. 

[From  Jobbins  &  Van  Rymbkckb,  Aurora,  III.] 

Cost,  in  barrels $32  00  a  ton. 

Analysis. 

Insoluble  in  water, 12.00  per  cent. 

Ferric  oxide 22.76 

Sulphuric  acid, 45.00       " 

Moisture  and  undetermined, 20.24       " 

V.    Lime. 

[From  Chicago  Union  Limb  Company  ] 
Cost,  in  barrels,  $0.60  a  barrel  of  200  pounds,       .        .    (6  00  a  ton. 

Analysis, 

Insoluble  in  acid 0.10  per  cent. 

Alumina  and  ferric  oxide, 1.00       " 

Calcium  oxide, 67.10       •* 

Magnesium  oxide, 38.60       " 

Water,  carbonic  acid  and  undetermined, .        .        .        .3.20 


t* 


Lime  soluble  in  water, 55.01 


it 


VI.    Lime. 

[From  TIannibal  Lime  Co.,  Hannibal,  Mo.] 

Cost,  in  barrels,  $0.75  a  barrel  of  about  170  pounds,     .    $8  80  a  ton. 
Cost,  in  bulk,  $0.22  a  bushel, 6  50 


it 


Analysis, 

Alumina  and  ferric  oxide, 1.50  per  cent. 

Calcium  oxide 95.00       " 

Water,  carbonic  acid  and  undetermined,         .        .        .3.50       " 

Lime  soluble  in  water, 93.00 


tc 


Even  at  the  higher  price  paid  for  the  Hannibal  lime  it  was  a  much 
more  economical  lime  to  use  on  account  of  the  much  higher  percent- 
age of  available  lime.  The  magnesia  present  in  the  local  lime  19 
without  value  in  sewage  treatment;    it  simply  adds  itself  to  the 


sludge. 
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During  the  first  weeks  an  attempt  was  made  to  apply  chemicals  in 
proportion  to  the  flow  of  sewage  without  having  any  fixed  schedule, 
but  the  plan  proved  to  be  too  complicated,  with  the  four  sets  of 
chemicals  for  the  four  tanks,  each  of  which  required  separate  regula- 
tion, particularly  during  those  hours  when  it  was  impracticable  for 
either  myself  or  my  assistant  to  closely  supervise  the  operation,  and 
after  a  little  while  the  following  arrangement  was  made  and  worked 
very  satisfactorily :  a  schedule  was  prepared  showing  the  quantity 
of  alum,  copperas,  or  ferric  sulphate  to  be  dissolved  for  each  tank 
at  7.30  a.m.,  3.30  and  11.30  p.m.  The  men  on  each  shift  com- 
menced work  half  an  hour  earlier  than  these  times.  Each  man 
weighed  the  quantities  of  chemicals  shown  by  the  schedule  into  the 
respective  tanks  used  for  this  purpose  and  dissolved  them  in  a  tank 
full  of  water,  using  at  first  steam,  and  in  the  summer  after  the  water 
became  warmer,  compressed  air  to  thoroughly  stir  up  the  contents  of 
the  tanks.  The  solutions  so  prepared  were  allowed  to  flow  into  the 
sewage,  varying  the  rates  with  changes  in  the  flow  of  sewage  as  well 
as  possible,  but  in  such  a  way  as  to  make  the  solution  last  through 
and  yet  be  exhausted  at  the  expiration  of  the  eight  hours*  shift.  The 
lime  schedule  was  arranged  somewhat  differently.  The  lime  was 
always  slaked  in  barrel  lots,  and  the  schedule  showed  the  hours  at 
which  lime  was  to  be  added.  Each  lot  was  made  to  last  until  the 
next  lot  was  slaked,  varying  the  flow  with  the  flow  of  sewage  as  far 
as  possible  within  that  time. 

A  constant  stream  of  water  was  kept  running  through  the  lime 
box  in  use  to  stir  up  and  wash  out  the  lime  as  required.  Water  from 
a  tap  instead  of  sewage  was  used  both  for  this  purpose  and  for  dis- 
solving the  other  chemicals,  on  account  of  the  practical  difficulty  of 
regulating  a  small  stream  of  sewage  with  the  slight  head  available. 
Putting  the  chemicals  into  the  sewage  at  four  points  instead  of  one, 
so  reduced  the  quantity  and  the  flow  of  water  required  to  carry  the 
chemicals  at  each  point,  that  when  sewage  was  used  for  mixing  the 
chemicals  the  gates  were  continually  becoming  stopped  with  sewage 
matters.  The  quantity  of  water  used  for  dissolving  the  alum,  cop- 
peras and  ferric  sulphate  was  about  six  thousand  gallons  daily ;  the 
quantity  used  for  carrying  the  lime  may  be  roughly  estimated  at  from 
twenty  to  forty  thousand  gallons. 

The  schedules  of  chemicals  were  arranged  to  make  the  quantities 
employed  on  the  different  shifts  approximately  proportional  to  the 
quantities  of  sewage,  some  allowance  being  made,  however,  for  the 
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more  dilute  sewage  during  the  night.  Usually  the  same  quantities 
of  chemicals  were  used  through  one  week,  except  that  as  a  rule  only 
half  as  large  a  quantity  was  required  on  Sunday,  while  on  special  days 
the  quantities  were  increased.  With  copperas,  as  much  lime  was 
ordinarily  used  as  would  give  a  strong  reaction  with  pheoolphtbalein 
in  the  effluent.  With  ferric  sulphate  and  alum  the  quantity  of  lime 
used  was  less  and  was  added  more  to  give  a  sludge  which  could 
be  easily  pressed  than  with  reference  to  the  effluent,  as  sewage  is 
sufficiently  alkaline  to  decompose  these  salts  without  the  use  of  lime. 
Variations  in  the  quantities  of  sewage  necessitated  very  frequent 
changes  in  the  chemical  schedules,  and  the  proportions  of  the  total 
quantities  used  on  the  different  shifts  were  also  varied  to  meet  chang- 
ing conditions.  In  calculating  the  cost  of  chemicals  the  weights  in 
the  note  hooks  have  been  taken,  and  these  weights  in  all  cases  foot 
up  somewhat  differently  from  the  weights  bought,  the  error  usually 
being  nnder  3  per  cent.,  sometimes  in  one  direction,  sometimes  in 
the  other.  During  the  first  part  of  the  time  when  Alum,  I.  and  Lime, 
V.  were  being  used,  the  costs  were  very  much  higher  than  for  cor- 
responding quantities  of  Alum,  II.  and  Lime,  VI.  During  two  weeks, 
one  ending  July  14  and  the  other  September  8,  the  amount  of  lime 
used  waB  limited  by  the  stock  on  hand. 

Quantities  in  Pounds  of  Various  Chemicals  Employed  (by  Weeks). 
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APPENDIX   X. 

Distribution  of  Mineral  Matters. 

The  following  table  contains  calculations  of  the  quantities  of  min- 
eral matters  in  the  sewage,  chemicals  employed,  sludge  and  effluent 
for  the  different  periods.  Without  discussing  in  detail  the  method 
of  calculation,  it  may  be  stated  that  it  is  estimated  that  each  hun- 
dred pounds  of  lime  employed  adds  one  hundred  and  seventy  pounds 
to  the  mineral  matters  of  either  the  sludge  or  of  the  effluents,  and 
that  one  hundred  pounds  of  the  other  chemicals  add  fifty-three  pounds 
in  the  same  way. 


June  10 

to 
July  7. 

July  8 

to 
Aug.  4. 

Aag.6 

to 
Septl. 

8ept  2 

to 
Sept  29. 

Sept  30 

to 
Oct  27. 

Total. 

Tons  of  lime  used,  .... 
Tods  of  other  chemicals,        • 

Lime  xl. 70,       ..... 
Other  chemicals  x0.53,    . 

idge, 

15.5 
17.5 

26.4 
0.3 

20.0 
18.0 

34.1 
10.0 

81.4 
10.2 

53.4 

10.1 

30.4 
18.5 

61.6 
0.0 

84.6 
23.6 

58.0 
12.4 

132.0 
07.6 

224.4 
51.7 

Mineral  matter  in  pewage  (tons),  . 

64.0 

44.1 
64.0 

63.6 
86.8 

61.5 

83.7 
155.2 

64.0 
00.3 

71.8 

87.6 

276.1 
886.4 

Mineral  matter  in  sludge, 
Miueral  matter  in  effluent, 

37.2 
64.4 

100.0 

41.6 
60.0 

140.8 

65.8 
80.6 

158.8 

71.0 
05.8 

662.6 

281.4 
410.0 

Sum, , 

Excess  of  matters  in  effluent  and  sli 

101.6 
1.0 

111.5 
2.5 

145.4 
5.6 

156.2 
10.0 

167.7 
8.0 

601.4 
28.0 

The  excess  of  mineral  matters  in  the  sludge  and  effluent  is  to  be 
attributed  to  the  same  causes  as  the  excess  of  organic  matters,  but 
the  discrepancy  is  less,  owing  to  the  small  quantity  of  insoluble  min- 
eral matters  in  the  sewage. 
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APPENDIX    XI. 

Cost  of  Construction  and  of  Operation  of  Sewage  Cleansing  Works. 

The  cost  of  construction  of  the  sewage  cleansing  works  was  about 
$55,000,  of  which  more  than  $20,000  was  for  the  building.  The 
approximate  costs  of  operation  for  different  periods  are  shown  in  the 
following  table,  in  which  the  expenses  are  distributed  as  well  as 
possible  between  the  treatment  of  the  sewage  and  the  pressing  of 
the  sludge.  The  figures  do  not  include  the  cost  of  superintendence, 
the  cost  of  the  chemical  laboratory,  or  the  cost  of  burning  the  sludge, 
which  was  done  at  an  Engle  crematory. 


April  14 

to 
Jane  9. 


Jane  10 

to 
July  7. 


July  8 

to 
Aug.  4. 


Aug.  6 

to 
Sept.  1. 


Sept  2 

to 
Sept.  29. 


Cost  of  chemicals,  . 
Labor  applying  chemicals,    . 
Total  cost  of  precipitation, 

Cost  of  fuel  oil, 
Labor  on  engine  and  presses, 
Total  cost  of  pressing, 

Total  cost  of  operation, 

Million  gallons  sewage  treated, 
Tons  sludge  cake  pressed,    . 


$840 
215 


$1,056 

859 
1,590 


$442 
261 


$703 

412 
1,021 


$477 
217 


$804 

423 
1,018 


$582 
217 


$604 
217 


$770 

373 
1,022 


$821 

414 

062 


Sept.  80 

to 
Oct.  27. 


$842 
230 


$872 

331 
1,058 


Total 
April  14 

to 
Oct.  27. 


$8,667 
1,867 


$2,240 

$1,433 

$1,441 

$1,395 

$1,376 

$1,389 

3,304 

2,136 

2,135 

2,174 

2,197 

2,261 

47 

52 

63 

» 

69 

71 

85 

i 

140 

102 

250 

297 

320 

$4,024 

2,812 
8,671 
"$9^87 

14,207 

873 
1,284 
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SUMMAKY  OF  THE  WEEKLY  MORTALITY  REPORTS 

FROM  CITIES  AND  TOWNS. 


This  summary  comprises  the  returns  of  deaths  made  at  the  end  of 
each  week  by  the  town  clerks,  city  registrars  and  other  officials  hav- 
ing in  charge  the  vital  statistics  of  cities  and  towns. 

These  returns  are  compiled  each  week  and  published  as  a  bulletin, 
one  copy  of  which  is  sent  to  each  city  and  town  in  the  State. 

These  reports  are  necessarily  incomplete  since  they  are  voluntary, 
and  comprise  the  mortality  statistics  of  a  part  of  the  population  only, 
the  reporting  places  being  chiefly  the  cities  and  large  towns. 

The  estimated  population  of  the  cities  and  towns  contributing  to 
the  returns  of  1893  was  about  1,460,000,  or  about  60  per  cent,  of 
the  total  population  of  the  State. 

The  data  embraced  in  this  summary  are  the  following :  — 

Average  height  of  barometer  for  each  week. 

Mean  or  daily  maximum  temperature. 

Mean  or  daily  minimum  temperature. 

Rainfall  expressed  in  inches. 

Total  deaths  reported  for  each  week. 

Deaths  of  children  under  five  years. 

Deaths  from  infectious  diseases. 

Deaths  from  consumption. 

Deaths  from  acute  lung  diseases. 

Deaths  from  typhoid  fever. 

Deaths  from  diarrhoeal  diseases. 

Deaths  from  scarlet-fever. 

Deaths  from  measles. 

Deaths  from  diphtheria  and  croup. 

Deaths  from  puerperal  fever. 

Deaths  from  whooping-cough. 

Deaths  from  malarial  fever. 

Deaths  from  small-pox. 

Deaths  from  erysipelas. 
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Total  Deaths. 

The  whole  number  of  deaths  reported  for  the  year  1893  from  the 
cities  and  towns  contributing  to  these  reports  was  30,247,  and  the 
average  number  per  week  was  582.  The  greatest  number  of  deaths 
reported  in  a  single  week  was  788  in  the  week  ending  July  29,  and 
the  least  number  was  427  in  the  week  ending  June  24. 

The  weekly  average  number  of  deaths  reported  for  each  month 
was  as  follows  :  — 


576 

July,  .... 

568 

591 

August, 

708 

621 

September, 

574 

622 

October, 

534 

595 

November, 

496 

479 

December, . 

563 

January, 

February, 

March, 

April, 

May, 

fiune,  .§•••» 

The  months  in  which  the  greatest  mortality  was  reported  were 
March,  April  and  August,  and  those  in  which  there  was  the  least 
reported  mortality  were  June,  October  and  November.  The  per- 
centages of  mortality  in  each  of  the  four  quarters  of  the  year  were 
as  follows :  — 


All  Ages. 


N  ambers. 


Percentages. 


First  quarter, 
Second  quarter, 
Third  quarter, 
Fourth  quarter, 


7,153 
7,418 
8,541 
7,035 


30,247 


23.05 
24.52 
28.57 
23.26 


Ages  Undbk  Fits  Team. 


Numbers. 


Percentages. 


2,376 
2,188 
4,128 
2,100 


100.00 


10,750 


21.15 
20.84 
8S.S6 
20.10 


100.00 


The  death  rate  of  reporting  cities  and  towns  was  20.74  per  1,000, 
the  estimated  population  being  1,458,840. 

Deaths  under  Five  Years. 

The  reported  number  of  deaths  of  children  under  five  years  of 
age  was  10,759,  and  the  average  weekly  number  was  207. 

The  greatest  number  reported  in  one  week  was  444  in  the  week 
ending  August  19,  and  the  least  number  was  123  in  the  week  ending 
June  24.  The  ratio  of  the  deaths  of  this  class  to  the  total  reported 
mortality  was  35.5  per  cent.,  which  was  slightly  greater  than  that 
of  the  preceding  year  (34.1  per  cent.). 
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The  average  weekly  number  of  deaths  of  children  under  five  years 
of  age  by  months  was  as  follows :  — 

January, 170 

February,  .        .        .        .     196 

March,  \        .        .        ...     203 

April, .177 

Mav, 178 

June, 148 

The  months  having  the  greatest  number  of  deaths  of  this  class 
were  July,  August  and  September,  and  those  having  the  least  num- 
ber were  June,  November  and  December. 


July,      . 

.    243 

August, 

.    377 

September, 

.    281 

October, 

.    183 

November,     . 

.    168 

December,     . 

.     161 

Consumption. 

The  number  of  reported  deaths  from  consumption  was  3,217  and 
the  weekly  average  was  62.  The  greatest  number  of  deaths  reported 
from  this  cause  in  a  single  week  was  97  in  the  week  ending  April 
15,  and  the  least  number  was  39  in  the  week  ending  June  24. 

The  average  weekly  number  of  reported  deaths  from  this  cause  in 
each  month  was  as  follows 


January, 
February, 
March, . 
April,   . 
May,     . 
June,    . 


70 
59 
71 
75 
63 
53 


July,    . 

August, 

September, 

October, 

November, 

December, 


55 
61 
61 
52 
64 
56 


The  months  having  the  greatest  number  of  deaths  from  this  cause 
were  March  and  April,  and  those  having  the  least  number  were  June 
and  October. 

The  following  table  presents  the  variations  from  the  weekly  aver- 
age number  of  deaths  from  this  cause  for  the  past  four  years :  — 


1800. 

1801. 

180*. 

1808. 

180O. 

1881. 

1888. 

1888. 

Juuuary,  . 

+42 

-H 

+13 

+8 

July, 

-8 

-4 

—3 

—7 

February, 

+3 

-4 

—8 

—8 

August,  ... 

-4 

—8 

-4 

—1 

March, 

+3 

—5 

—1 

+9 

September,    . 

—5 

—8 

—11 

—1 

April, 

+1 

+4 

+7 

+13 

October, . 

—11 

+3 

—6 

—10 

May, 

+1 

-H> 

0 

+1 

November, 

—12 

-4 

-4 

+2 

June, 

-3 

-2 

—5 

-9    ! 

i 

December, 

0 

+6 

—1 

— « 
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The  ratio  of  reported  deaths  from  consumption  to  the  mortality 
reported  from  all  causes  was  106.35  per  1,000,  while  that  of  pre- 
vious years  was  as  follows  :  — 


1886,  p. 

•   • 

• 

156.5 

1890, 

1887,   . 

•   • 

• 

Ul.l 

1891, 

1888, 

•   • 

• 

134.2 

1892, 

1889, 

•   • 

■ 

125.0 

1893, 

130.0 
116.5 
111.3 
106.5 


The  ratio  to  the  reporting  population  in  1893  was  2.20  per  1,000, 
as  compared  with  2.35  in  1892. 

Acute  Lung  Diseases. 

The  number  of  reported  deaths  from  acute  lung  diseases  (bron- 
chitis, pneumonia,  pleurisy  and  asthma)  during  the  year  was  4,484, 
and  the  weekly  average  was  86.  The  greatest  number  of  deaths 
reported  from  this  group  of  causes  in  a  single  week  was  170,  in  the 
week  ending  April  22,  and  the  least  number  20,  in  the  week  end- 
ing September  9. 

The  average  weekly  number  of  reported  deaths  from  these  causes 
for  each  month  was  as  follows  :  — 


January, 


116    '  July, 


February, 127 

March, 124 

April, •     .  154 

May 123 

June, 67 


I  August,. 

;  September, 
October, 
November, 

;  December, 


54 
29 
31 
40 
64 
119 


The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  were  February  and  April,  and  those  having  the  least 
number  were  August  and  September. 

The  ratio  of  reported  deaths  from  acute  lung  diseases  to  the 
reported  mortality  from  all  causes  was  14.82  per  1,000. 

The  estimated  death  rate  per  1 ,000  of  the  reporting  population 

from  these  causes  was  3.07,  as  compared  with  2.82  for  the  previous 

year. 

Typhoid  Fever. 

The  total  number  of  reported  deaths  from  this  cause  in  1893  was 
427,  and  the  average  weekly  number  was  8.  The  greatest  number 
reported  in  any  single  week  from  this  cause  was  19  in  the  week 
ending  October  21,  and  the  least  number  was  2  in  the  week  ending 
April  1. 
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The  average  weekly  number  of  deaths  reported  from  this  cause 
for  each  month  was  as  follows :  — 


January, 

9 

July,      . 

4 

February, 

8 

August, . 

9 

March,   . 

5 

September,    . 

13 

April,     . 

6 

October, 

17 

May,       . 

5 

November,     . 

11 

June,      . 

.  •      5 

December, 

10 

The  months  having  the  least  number  of  deaths  from  this  cause 
were  March,  June  and  July,  and  those  having  the  greatest  number 
were  September,  October  and  December. 

The  ratio  of  reported  deaths  from  typhoid  fever  to  the  reported 
mortality  from  all  causes  was  14.12  per  1,000,  and  the  ratio  to  the 
reporting  population  was  .29,  as  compared  with  .31  in  the  previous 
year. 

Diphtheria  and  Croup, 

The  total  number  of  reported  deaths  from  diphtheria  and  croup  in 
1893  was  1,013,  and  the  average  number  in  each  week  was  20. 
The  greatest  number  reported  in  a  single  week  from  these  combined 
causes  was  37,  in  the  week  ending  October  28,  and  the  least  number 
was  6,  in  the  week  ending  June  24. 

The  average  weekly  number  of  reported  deaths  from  these  causes 
for  each  month  was  as  follows  :  — 


January, 

.      28 

July,      . 

16 

February, 

.      22 

August, . 

10 

March,   . 

21 

September,    . 

.       15 

April,     . 

16 

October, 

.      29 

May,       . 

.      27 

November,    . 

26 

June, 

.      12 

December,     . 

27 

The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  were  January,  October  and  December,  and  those 
having  the  least  number  were  June,  August  and  September.  The 
ratio  of  deaths  from  diphtheria  and  croup  to  the  reported  mortality 
from  all  causes  was  33.49  per  1,000,  and  the  death  rate  of  the  report- 
ing population  was  .69  per  1,000,  that  of  the  previous  year  being  .66. 
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Scarlet-fever. 

The  reported  deaths  from  scarlet-fever  in  1893  were  527,  and  the 
average  weekly  number  was  10.  The  greatest  number  of  reported 
deaths  from  this  cause  in  a  single  week  was  21,  in  the  week  ending 
March  18,  and  the  least  number  reported  in  a  single  week  was  3,  in 
the  week  ending  September  9.  The  average  weekly  number  re- 
ported in  each  month  was  as  follows :  — 


January, 16 

February, 12 

March, 15 

April, 12 

May 11 


June, 


July, 7 

August, 4 

September, 5 

October, 5 

November,     ...        .         .9 


8  |   December, IS 


The  months  having  the  greatest  number  of  deaths  from  this  cause 
were  January  and  March,  and  those  having  the  least  number  were 
August  and  October. 

The  ratio  of  deaths  from  this  cause  to  the  reported  deaths  from  all 
causes  was  17.44  per  1,000,  and  the  death  rate  of  the  reporting 
population  from  this  cause  was  .36  per  1,000,  that  of  the  previous 
year  being  .32. 


Measles. 

The  total  number  of  reported  deaths  from  measles  in  1893  was 
100,  and  the  weekly  average  number  was  2. 

The  greatest  number  in  a  single  week  was  9.  There  were  nine 
weeks  in  which  no  deaths  from  measles  were  reported. 

The  average  weekly  number  reported  in  each  month  was  as  fol- 
lows :  — 


January, 1 

February, 1 

March, 2 

April 2 

Mav, 7 

June, 3 


July,       . 

1 

August, . 

1 

September,    . 

1 

October, 

1 

November,     . 

3 

December, 

1 

The  ratio  of  deaths  to  the  reported  mortality  from  all  causes  was 
3.31  per  1,000,  and  the  death  rate  from  this  cause  was  .Of?  per  1,000 
of  the  reported  living  population,  as  compared  with  .03  in  1892. 
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Diarrheal  Diseases. 

The  diseases  included  in  this  group  are  diarrhoea,  dysentery, 
cholera  morbus  and  cholera  infantum. 

From  these  causes  combined  the  number  of  deaths  reported  in 
1893  was  2,497,  and  the  weekly  average  number  was  48.  The 
greatest  number  reported  in  a  singlex  week  was  245  in  the  week 
ending  August  5,  and  there  were  none  reported  in  the  week  ending 
June  3. 

The  average  weekly  number  of  reported  deaths  from  these  causes 
in  each  month  was  as  follows  :  — 


January, 
February, 
March,    . 
April,     . 
Mav, 
June, 


6 
6 
5 
8 
6 
12 


July *  .        .112 

August, 217 

September, 124 

October, 41 

November, IS 

December, 7 


The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  in  1893  were  July,  August  and  September,  and  those 
having  the  least  were  January,  February  and  March. 

The  deaths  from  these  causes  in  the  third  quarter  of  the  year  con- 
stituted 82  per  cent,  of  the  number  of  deaths  from  the  same  causes 
for  the  entire  year.  The  ratio  of  reported  deaths  to  the  reported 
mortality  for  all  causes  was  82.5  per  1,000,  and  the  death  rate  of 
the  reporting  population  from  these  causes  was  1.71  per  1,000,  as 
compared  with  1.66  in  1892. 


Whooping-cough,  Malarial  Fever,  Erysipelas,  Puerperal 

Fever  and  Small-pox. 

The  essential  statistics  relating  to  these  five  diseases  are  embraced 
in  the  following  table  :  — 


Total  Deaths 
Reported. 


Weekly 
Average. 


Ratio  per 

1,000 
of  Reported 
Deaths  from 
All  Causes. 


Ratio  per 

1,000 

of  Estimated 

Population. 


Whooping-cough, 
Erysipelas, 
Puerperal  fever, 
Malarial  fever,   . 
Smallpox,  . 


119 

2.0 

94 

1.8 

48 

.9 

12 

.2 

5 

.1 

— » 

3.93 

3.11 

1.58 

.40 

.16 


.08 

.06 

.03 

.008 

.003 


i  ■ 


.11 


i 


:i 


i- 


i 
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REPORTS  OF  INFECTIOUS  DISEASES. 


For  very  many  years  laws  have  existed  in  this  State  requiring  that 
notices  of  cases  of  diseases  dangerous  to  the  public  health  should  be 
given  to  the  board  of  health  of  the  city  or  town  in  which  they  have 
occurred  ;  but  the  vital  importance  of  such  a  system  of  notification 
does  not  appear  to  have  become  impressed  firmly  upon  the  public 
mind  until  a  comparatively  recent  period.  It  was  not  until  1889, 
in  fact,  that  a  law  was  enacted  in  England  requiring  such  notices, 
and  even  then  it  was  made  a  matter  of  local  option  except  in  London. 

The  chief  advantages  of  a  system  of  notification  lie  in  the  possi- 
bility which  is  thus  given  to  a  local  board  of  health  to  determine  the 
extent  of  prevalence  of  an  epidemic  or  a  localized  outbreak,  and  to 
inquire  into  the  local  causes  which  have  operated  to  produce  it.  The 
board  can  then  act  intelligently  in  applying  the  proper  remedies  for 
preventing  its  further  spread. 

In  Massachusetts  there  can  be  no  doubt  that  the  law  relative  to 
notification  has  been  productive  of  excellent  results  in  the  prevention 
of  disease,  especially  in  the  cities  and  large  towns.  It  has  furnished 
the  local  boards  of  health  with  the  necessary  information  relative  to 
the  origin  of  outbreaks  of  infectious  disease,  and  in  many  instances 
enabled  them  to  take  timely  steps  for  preventing  further  outbreaks. 
The  recent  law  requiring  local  boards  to  keep  records  upon  this  im- 
portant matter,  has  furnished  information  as  to  the  prevalence  of 
certain  diseases  in  the  principal  cities  and  towns  of  the  State.  In 
the  smaller  towns  it  is  probable  that  instances  of  failure  to  comply 
with  the  provisions  of  the  statute  are  much  more  frequent  than  they 
are  in  cities. 

Up  to  1883  no  definite  authority  was  given  by  statute  for  notifi- 
cation to  the  central  authority,  the  State  Board  of  Health.  In  that 
year  a  law  was  enacted  requiring  immediate  notice  to  be  given  by 
local  boards  to  the  State  Board  of  Health  of  the  occurrence  of  cases 
of  small-pox. 
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Ten  years  later  by  the  provisions  of  chapter  302  of  the  Acta  of 
1893,  it  was  required  that  reports  of  all  diseases  dangerous  to  the 
public  health  should  be  made  to  the  State  Board  of  Health. 

The  following  is  the  act  of  1893  relative  to  reporting  dangerous 
diseases  to  the  State  Board  of  Health  :  — 

[Chapter  802  or  the  Acts  or  1893.] 

(1.)  When  the  board  of  health  of  any  city  or  town  has  had  notice  of 
the  occurrence  of  a  case  of  small-pox  or  any  other  disease  dangerous  to 
the  public  health  in  such  city  or  town,  such  board  of  health  shall,  within 
twenty-four  hours  after  the  receipt  of  such  notice,  notify  the  state  board  of 
health  of  the  same. 

(2.)  If  the  board  of  health  of  the  city  or  town,  in  which  a  case  of 
small-pox  or  any  other  disease  dangerous  to  the  public  health  has  occurred, 
refuses  or  neglects  to  send  a  notice  as  required  in  section  one,  such  city  or 
town  shall  forfeit  its  claim  upon  the  Commonwealth  for  the  payment  of 
any  expenses  which  may  be  incurred  as  provided  in  section  eighty-three 
of  chapter  eighty  of  the  Public  Statutes. 

Since  no  definite  statement  was  made  in  this  act  defining  the  term 
"  dangerous  to  the  public  health  "the  Board  deemed  it  proper,  in 
order  to  relieve  local  authorities  of  uncertainty  in  the  matter,  to 
specify  the  diseases  which,  in  the  opinion  of  the  Board,  should  be 
thus  reported  under  the  provisions  of  the  act. 

For  this  purpose  a  circular  was  prepared  in  which  it  was  specified 
that,  in  addition  to  small-pox,  the  following  diseases  shall  be  con- 
sidered as  dangerous  to  the  public  health  within  the  meaning  of  the 
foregoing  act :  scarlet-fevei%,  measles,  typhoid  fever,  diphtheria, 
membranous  croup,  cholera,  yellow  fever,  typhus  fever,  cerebrospinal 
meningitis,  hydrophobia,  malignant  pustule,  leprosy  and  trichinosis. 

This  circular  was  issued  in  September,  1893.  Previous  to  that 
date  very  few  returns  had  been  received  in  compliance  with  the 
terms  of  the  act. 

The  act  was  approved  May  3,  1893,  and  the  first  returns  to  be 
received  came  from  the  city  of  Cambridge,  which  has  sent  con- 
tinuous returns  since  May,  1893.  A  few  more  cities  and  towns 
complied  with  the  provisions  of  the  act  during  the  months  of  June, 
July  and  August,  but  no  large  number  of  cities  and  towns  made 
returns  until  a  circular  was  prepared  notifying  them  of  the  enact- 
ment of  the  law.     This  circular  was  issued  to  each  city  and  town  in 
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September,  after  which  the  returns  came  with  regularity  from  many 
cities  and  towns. 

The  following  is  the  form  of  the  return  recommended  by  the 
Board  and  issued  by  it  in  the  form  of  postal  cards  to  each  local 
Board  of  Health  :  — 


Report  of  Infectious  Diseases  to  the  State  Board  of  Health,  as 
required  by  the  provisions  of  Chapter  302,  Acts  of  1893. 


.189 


Cases  of  disease,  dangerous  to  the  public  health,  reported  within  the  past 
twenty-four  hours  to  the  Board  of  Health  of  the  ™Wy  of . 


Small-pox,     • 
Scarlet-fever, 
Diphtheria,    . 
Membranous  Croup, 
Measles, 
Typhoid  Fever,     . 


Number  of  Cases  of 
each  disease. 


(Signed) 


Secretary  or  Agent  of  Board  of  Health. 


This  pottal  card  report  should  in  all  cases  be  signed  by  the  Secretary  or 
Clerk  of  the  local  Board  of  Health,  or  by  the  authorised  Agent  of  the  Board. 

In  the  blank  spaces  should  be  written  the  names  of  any  of  the  unusual 
forme  of  infectious  diseases  enumerated  below,  if  such  should  occur :  — 

Cholera,  Typhus  Fever,  Yellow  Fever,  Cerebrospinal  Meningitis,  Hydro- 
phobia, Malignant  Ihistule,  Glanders  and  Trichinosis. 


The  results  of  these  notices  are  published  each  week  in  the 
Weekly  Bulletin  of  Mortality  and  Infectious  Diseases. 

The  following  tables  embrace  the  results  of  these  returns  for  the 
fractional  part  of  the  year  1893  which  elapsed  after  the  enactment 

of  the  law  :  — 
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Cases  of  Diseases  dangerous  to  the  Public  Health  reported  by  Local  Boards  of 
Health  to  the  State  Board  of  Health  for  the  Fractional  Year  ending  Dec 
31,  1893. 


Total  number  of  reported  cases  of  diphtheria  and  croup, 
Total  number  of  reported  cases  of  scarlet-fever, 
Total  number  of  reported  cases  of  typhoid  fever, 
Total  number  of  reported  cases  of  measles, 
Total  number  of  reported  cases  of  small-pox,    .        • 


Additional  cases  of  small-pox  reported  under  the  statute  of  1883,    . 


1,109 
2,914 
1,525 
1,503 
85 

7,086 
8 


Total, 7,094 

The  following  table  shows  the  distribution  of  these  cases  by  months 
of  the  year. 

Reports  were  not  generally  forwarded  to  the  State  Board  until 
after  the  public  notice  was  given  in  September,  which  accounts  for 
the  small  number  before  that  date. 

Beports  of  Dangerous  Diseases  Classified  by  Months. 


1893. 


Diphtheria 
and  Croup. 


Scarlet- 
fever. 


Typhoid 
Fever. 


Meailea. 


Small-pox. 


May,    .       . 

June,  . 
July,  . 
August, 
September, 
October, 
November, 
December, . 
Totals, . 


4 

4 

10 

14 

101 

316 

305 

265 


1,100 


33 

4 

43 

41 

2 

226 

23 

5 

3 

28 

23 

6 

453 

541 

70 

670 

403 

201 

870 

283 

380 

706 

174 

657 

2,014 

1,525 

1,503 

2 
2 
8 


35 


The  following  table  presents  the  names  of  the  reporting  cities  and 
towns  with  the  number  of  cases  of  each  disease  reported  by  the  local 
boards  of  health  :  — 
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Cases  of  Infectious  Diseases  reported  to  the  State  Board  of  Health  from  One  Hun- 
dred and  Seventy-five  Cities  and  Town*  during  1893. 
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Cages  of  Infectious  Diseases,  etc.  —  Continued. 
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Cases  of  Infectious  Diseases,  etc  —  Concluded. 


>1  (Including  •millpoi). 


The  foregoing  table  shows  that  exactly  one-half  of  the  local 
boards  of  health  in  the  State  have  complied  with  the  law,  and  have 
sent  returns  to  the  State  Board  of  Health  of  the  cases  of  disease 
"dangerous  to  the  public  health"  reported  to  them,  leaving  one- 
lialf  of  the  towns  from  which  no  reports  whatever  have  been  re- 
ceived. 

These  175  cities  and  towns  reporting,  however,  constitute  much 
more  than  one-half  the  population,  since  in  this  list  are  embraced 
nil  of  the  cities  except  Holyoke. 
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The  following  classified  list  contains  the  names  of  those  towns 
whose  boards  of  health  failed  to  comply  with  the  terms  of  the 
statute  of  1893,  no  reports  having  been  forwarded  by  them  to  the 
State  Board  of  Health  of  the  occurrence  of  cases  of  infectious  or 
dangerous  diseases.  The  list  of  towns  is  classified  according  to 
population. 

/.    Cities. 

Holyoke. 
II,     Towns  having  Populations  of  More  than  5  ft 00  in  Each. 


Adams, 

Framingham, 

Revere, 

Andoyer, 

Hyde  Park, 

Spencer, 

Blackstone, 

Middleborough, 

Southbridge.  — 10. 

Clinton, 

III.    Towns  having  a  Population  of  Over  IflOO  but  Less  than  5,000  in  Each. 

Abington, 

Hadley, 

Petersham, 

Acton, 

Hanover, 

Provincetown, 

Ashfield, 

Harvard, 

Rehoboth, 

Avon, 

Harwich, 

Royalston, 

Barnstable, 

Holbrook, 

Sandwich, 

Barre, 

Holden, 

Sheffield, 

Belchertown, 

Holliston, 

Shelburne, 

Bellingham, 

Hopedale, 

S her born, 

Billerica, 

Hopkinton, 

Shirley, 

Braintree, 

Hubbardston, 

Shrewsbury, 

Buckland, 

Hudson, 

Southampton, 

Canton, 

Lanesborough, 

South  Hadley, 

Charlton, 

Lee, 

Southborough, 

Chatham, 

Lenox, 

Sterling, 

Chester, 

Longmeadow, 

Stockbridge, 

Cohasset, 

Manchester, 

Stoughton, 

Colrain, 

Marshfield, 

Sudbury, 

Dartmouth, 

Mattapoisett, 

Sutton, 

Deerfield, 

Med  field, 

Swansea, 

Dennis, 

Merrimac, 

Templeton, 

Dudley, 

Milton, 

Tisbury, 

Duxbury, 

Nantucket, 

Walpole, 

East  Bridgewater. 

Needham, 

Wellesley, 

Easton, 

Newbury, 

Wellfleet, 

Fairhaven, 

New  Marlborough, 

West  Brookfield, 

Falmouth, 

Northborough, 

Westport, 

Freetown, 

Northbridge, 

Wilbraham, 

Georgetown, 

Norton, 

Williamsburg, 

Granville, 

Norwell, 

Wilmington, 

Great  Barrington, 

Orleans, 

Wrentham.  —  91. 

Groveland, 

\ 

\ 
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IV.     Towns  having  Less  than  1,000  Inhabitants  in  Each. 

Alford, 

Goshen, 

North  Reading, 

Ash  by, 

Gosnold, 

Otis, 

Becket, 

Hamilton, 

Pelham, 

Berkley, 

Hancock, 

Peru, 

Berlin, 

Hawley, 

Phillipston, 

Bernards  ton, 

Heath, 

Plainfield, 

Blandford, 

Holland, 

Ply  mp  ton, 

Boxborough, 

Lakeville, 

Prescott, 

Boxford, 

Leverett, 

Princeton, 

Boylston, 

Ley den, 

Richmond, 

Burlington, 

Lynnfield, 

Rowe, 

Carver, 

Marion, 

Russell, 

Charlemont, 

Mashpee, 

Rutland, 

Chilmark, 

Mendon, 

Savoy, 

Clarksburg, 

Millis, 

Southwick, 

Curamington, 

Monterey, 

Sunderland, 

Dana, 

Montgomery. 

Tolland, 

Dunstable, 

Monroe, 

Truro, 

Eastham, 

Mount  Washington, 

Tyngsborough, 

Enfield, 

Nahant, 

Tyringham, 

Florida, 

New  Ashford, 

Washington, 

Gay  Head, 

New  Braintree, 

Wendell, 

Gill, 

New  Salem, 

Whateley, 

Gran  by, 

Norfolk, 

Worthington.  —  73. 

Greenwich, 

A  review  of  this  classified  list  leads  to  some  conclusions  as  to  the 
causes  of  the  failure  of  so  large  a  number  to  comply  with  the  pro- 
visions of  the  statutes. 

In  the  first  place,  the  ratio  of  the  population  of  the  cities  and 
towns  failing  to  report  in  each  of  the  foregoing  classes  as  compared 
with  the  total  population  of  the  towns  of  each  class  shows  that  the 
cities  and  large  towns  have  complied  with  the  provisions  of  the  act 
much  more  generally  than  the  small  towns. 

In  Class  I.,  the  cities,  Holyoke  is  the  only  city  failing  to  comply, 
and  its  population,  by  census  of  1890,  constitutes  but  2.5  per  cent. 
of  the  population  represented  in  Class  I. 

In  Class  II.  the  population  of  the  ten  towns  failing  to  report 
was  25.7  per  cent,  of  the  total  population  of  the  towns   of  that 

cla8S. 

In  Class  III.  the  population  of  the  ninety-one  towns  failing  to 
report  was  48  per  cent,  of  the  total  population  of  the  towns  of  that 

class. 
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In  Class  IV.  the  population  of  the  seventy-three  towns  failing  to 
report  was  75  per  cent,  of  the  total  population  of  the  towns  of  that 
class. 

This  great  difference  between  the  action  of  the  authorities  of  cities 
and  of  small  towns  in  this  matter  suggests  two  definite  reasons  for 
the  considerable  degree  of  non-compliance  with  the  terms  of  the 
statute. 

1.  The  non-existence  of  separate  local  boards  of  health  in  small 
towns  having  an  organization  for  sanitary  purposes  only.  An 
inquiry  of  the  State  Board  made  a  few  years  since  showed  that 
boards  of  health  independent  of  the  selectmen  existed  in  only  one-half 
of  the  towns  in  the  State.  This  being  the  case,  the  selectmen  act- 
ing as  boards  of  health  are  largely  interested  in  matters  of  an 
economic  or  administrative  character  not  closely  related  to  the  pub- 
lic health,  and  as  a  consequence  matters  pertaining  to  the  health  of 
towns  are  much  neglected,  and  among  them,  undoubtedly,  the  re- 
porting of  cases  of  infectious  diseases. 

Many  attempts  to  remedy  this  defect  by  legislative  action  have 
been  made  in  past  years,  but  with  little  success. 

2.  As  a  matter  of  fact  infectious  diseases  do  not  prevail  in 
sparsely  settled  populations  to  so  great  an  extent  as  among  the 
densely  settled  suburban  districts,  so  that  there  were  undoubtedly 
some  of  the  very  small  towns  in  which  none  of  the  specified  diseases 
occurred  during  the  year.  This  fact  is  brought  out  very  clearly  in 
the  twenty-third  report  of  the  Board  (1891),  wherein  is  shown  the 
relation  of  the  mortality  from  eight  different  diseases,  most  of  them 
of  the  infectious  class,  to  the  density  of  the  population. 

While  the  mortality  does  not  necessarily  represent  the  prevalence 
of  disease  it  bears  a  very  close  relation  to  it.  In  that  report  it 
was  shown  that  for  a  period  of  twenty  years  (1871-90)  there  were 
two  towns  in  the  State  in  which  there  had  been  no  deaths  from 
diphtheria  and  croup,  fifteen  towns  in  which  there  had  been  no 
deaths  from  scarlet-fever,  one  town  in  which  there  had  been  no 
deaths  from  typhoid  fever,  183  towns  in  which  there  had  been 
no  deaths  from  small-pox  and  ninety-five  towns  in  which  there  had 
been  no  deaths  from  measles. 
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FOOD  AND  DRUG  INSPECTION. 


The  following  report  comprises  the  work  of  the  Board  for  the  year 
ending  Sept.  30,  1893,  in  the  inspection  of  food  and  drugs. 

The  force  employed  in  this  department  of  work  was  the  same  as 
that  of  the  previous  year,  and  consisted  of  the  following :  — 

Dr.  Charles  P.  Worcester, Analyst, 

Prof.  Charles  A.  Goessmann, Analyst 

Mr.  Albert  E.  Leach, Assistant  Analyst, 

John  H.  Terry, Inspector. 

John  F.  McCaffrey, Inspector. 

Horace  F.  Davis, Inspector, 

The  work  of  the  Board  in  this  department  has  been  conducted 
during  the  year  in  the  laboratory  at  994  Washington  Street,  Boston, 
temporarily  occupied  for  this  purpose  until  the  new  laboratory  in 
the  State  House  Extension  is  completed. 

The  whole  number  of  samples  of  food  and  drugs  examined  during 
the  year  was  6,409,  making  the  whole  number  examined  53,573  for 
the  entire  period  since  the  enactment  of  the  general  food  and  drug 
acts  in  1882.  This  number  (6,409)  was  greater  than  that  of  any 
previous  year. 

The  following  summary  embraces  the  work  done  during  the  year :  — 

Number  of  samples  of  milk  examined, 8,07$ 

Number  of  samples  above  standard, 1,546 

Number  of  samples  below  standard, 1,528 

Percentage  of  adulteration  or  deficiency, 49.7 

Number  of  samples  of  other  kinds  of  food  (not  milk),       ....  3,009 

Number  of  samples  above  standard, 2,637 

Number  of  samples  below  standard, 372 

Percentage  of  adulteration, 12.3 

Number  of  samples  of  drugs  examined, 827 

Number  of  samples  of  good  quality, 228 

Number  of  samples  adulterated,  as  defined  by  the  statutes,        ...  99 

Percentage  of  adulteration, 30.3 

Total  examinations  of  food  and  drugs, 6,409 

Total  examinations  of  good  quality, 4,410 

Total  examinations  not  conforming  to  the  statutes, 1N99Q 

Percentage  of  adulteration, •  Vv^t 
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It  would  be  manifestly  impossible  from  the  statistics  presented  in 
the  foregoing  table  to  form  a  definite  conclusion  either  in  relation  to 
the  extent  of  adulteration  of  food  which  exists  in  Massachusetts  or 
of  its  relative  prevalence  when  the  same  statistics  are  compared  with 
those  of  other  countries  conducting  a  similar  line  of  work. 

The  reasons  for  the  very  marked  contrast  between  the  results 
reported  by  the  British  analysts  and  those  of  Massachusetts  are 
stated  in  the  last  Report  of  the  Board  (24th  report,  p.  608),  and 
one  of  these  reasons  appears  to  be  shown  more  clearly  in  the  present 
report  wherein  the  general  table  of  statistics  has  been  rearranged  in 
such  a  manner  as  to  present  the  ratio  of  adulteration  of  "  other  sam- 
ples of  food,"  not  including  milk. 

To  what  extent  the  legal  standard  of  milk  in  Massachusetts  affects 
the  ratio  of  adulteration,  as  published  in  the  foregoing  table,  maybe 
shown  by  the  following  statement. 

Out  of  2,235  samples  of  milk  taken  by  the  inspectors  of  the  Board 
in  the  years  1886-1889,  the  total  solids  of  which  were  known,  and 
all  of  which  contained  less  than  13  per  cent,  of  solids,  1,504  or  67.3 
per  cent,  contained  from  12  to  13  per  cent,  of  solids.  Nearly  all  of 
these  and  many  more  would,  under  the  standards  of  most  countries 
which  have  adopted  a  standard,  have  been  deemed  to  be  milk  of  good 
standard  quality,  since  the  standard  in  most  countries  is  11.50  of  total 
solids.  But  in  Massachusetts  all  of  this  number,  except  those  which 
were  collected  in  the  months  of  May  and  June,  must  be  reckoned  as 
adulterated  milk.  The  effect  of  this  statutory  provision  upon  the 
published  ratio  of  adulteration  consequently  gives  to  our  published 
statistics  an  unfavorable  showing,  which  at  the  first  glance  might  be 
easily  misconstrued.  The  statistics  presented  in  Dr.  Worcester's 
report  for  the  present  year  still  further  confirm  this  statement. 

As  a  matter  of  fact,  however,  actual  or  intentional  adulteration  of 
this  most  important  article  of  food  is  much  less  common  than  it  was 
found  to  be  at  the  beginning  of  the  period  of  active  enforcement  of 
the  laws  relating  to  food  and  drug  inspection. 

The  continuous  work  of  the  Board  and  the  marked  improvement 
in  local  inspection  in  cities  have  effected  a  marked  change,  which 
nothing  but  vigilant  and  continuous  supervision  could  have  accom- 
plished. 
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What  is  Adulterated  Milk  f 

The  high  percentages  of  samples  of  milk  which  are  shown  by  the 
continuous  reports  of  the  Board  to  be  below  the  legal  standard  of  13 
per  cent,  of  solids  make  it  necessary  to  make  an  occasional  statement 
of  the  cause. 

The  term  "  adulterated  milk/9  under  the  statutes  of  Massachusetts, 
may  signify  milk  which  is  simply  below  the  legal  standard  of  13  per 
cent,  of  solids  and  nothing  more,  or,  in  other  words,  a  natural  milk, 
just  as  produced  by  the  cow,  having  no  other  disqualification  except 
its  deficiency  in  total  solids.  The  "percentage  of  adulteration" 
reported  by  the  Board  in  its  monthly  bulletins  is  largely  made  up  of 
this  class  of  samples. 

The  second  form  of  "adulterated  milk"  consists  of  milk  which 

4 

has  been  subjected  to  certain  alterations  by  human  interference. 
These  are  chiefly  the  addition  of  water,  the  removal  of  cream,  the 
addition  of  coloring  matter  and  of  substances  employed  to  preserve 
the  milk  from  souring. 

This  second  class  is  very  much  smaller  in  number  than  the  former 
class.  It  is  not  practicable  to  separate  the  two  classes  and  to  draw 
an  exact  line  between  them,  but  it  is  certain  that  the  ratio  of  the 
class  of  samples  intentionally  adulterated  is  very  much  less  than  it 
was  before  active  measures  were  taken  for  the  suppression  of  such 
conditions. 

In  1884  the  Board  made  a  large  number  of  examinations  of  natural 
milk,  the  samples  in  all  cases  being  collected  by  inspectors  who  wit- 
nessed the  milking.  From  the  results  of  these  analyses  it  would  be 
safe  to  say  that  out  of  100  samples  taken  at  random  from  100  animals 
throughout  the  different  dairies  in  the  State  under  varying  conditions 
of  breed,  of  age,  time  of  year  and  methods  of  feeding,  about  thirty 
would  prove  to  be  below  the  legal  standard  of  13  per  cent,  of 
solids. 

Among  this  30  per  cent,  of  animals  the  ratio  of  Holstein  cows 
would  probably  be  greater  than  the  ratio  of  such  cows  among  the  70 
per  cent,  whose  milk  is  found  to  be  above  the  legal  standard. 

Very  careful  attention  has  been  given  to  this  subject  in  other 
countries,  where  the  subject  of  milk  inspection  is  deemed  of  very 
high  importance,  both  in  its  sanitary  and  in  its  economic  rela- 
tions. 
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In  a  recent  article  in  the  Zeitechrift  fur  Fleisch  und  Milch  Hy- 
giene, Dr.  Martiny  states  that  the  percentage  of  the  various  constit- 
uents of  milk  to  be  used  as  a  standard  must  be  determined  by  the 
average  percentage  found  in  a  given  district,  since  this  may  vary 
somewhat.  Milk  in  North  Germany  is  not  quite  so  rich  in  solids  as 
that  of  South  Germany,  and  in  the  former  it  shows  an  average  of 
3.3  per  cent,  of  fat  in  12  per  cent,  of  dried  solids,  with  a  specific 
gravity  of  1031.5,  while  in  the  latter  the  average  solids  are  12.4  per 
cent,  and  the  fat  3.5. 

The  same  writer  states  his  belief  that  the  percentage  of  fats  may 
be  increased  to  more  than  4  per  cent,  in  a  total  of  13  or  14  per  cent, 
of  solids  by  appropriate  feeding. 

The  methods  of  feeding  employed  in  many  of  the  dairies  which 
furnish  the  milk  supply  of  our  large  cities  are  those  which  are  in- 
tended to  secure  an  increased  quantity  of  milk  at  the  expense  of  its 
quality,  and  the  selection  of  breeds  of  cows  whose  milk  is  notoriously 
poor  in  quality  acts  in  the  same  direction  of  impoverishing  the  quality 
of  the  milk. 

In  commenting  upon  the  difficulty  of  subjecting  to  inspection  the 
entire  milk  supply  of  a  city  at  frequent  intervals,  Martiny  concludes 
that  — 

1.  The  sale  of  milk  should  only  be  allowed  by  officially  desig- 
nated dealers,  and  in  order  to  facilitate  frequent  inspection  he  sug- 
gests the  limitation  of  the  number  of  vendors  of  milk  as  is  done  in 
England  and  in  Italy. 

2.  Dealers  should  give  evidence  of  an  intelligent  knowledge  of 
the  requirements  necessary  for  the  sale  of  pure  milk  both  from  a 
sanitary  and  from  an  economic  point  of  view. 

3.  Milk  inspection  should  not  be  confined  to  market  milk  but 
should  extend  to  the  dairies. 

4.  In  every  city  a  well-equipped  laboratory  should  be  maintained 
for  the  scientific  examination  of  milk. 

It  is  gratifying  to  know  that  since  the  enactment  of  the  general 
statute  of  1882  (chap.  263),  and  the  work  which  has  followed  dur- 
ing the  ten  years  or  more  which  have  elapsed,  very  much  more 
attention  has  been  given  to  milk  inspection  by  local  authorities. 
Several  of  the  principal  cities  of  the  State  employ  the  services  of 
trained  inspectors  who  devote  either  the  whole  or  a  considerable 
portion  of  their  time  to  the  careful  analysis  of  milk  by  laboratory 
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methods,  and  the  number  of  such  cities  which  find  it  to  be  for  their 
interest  to  employ  a  trained  inspector  is  gradually  increasing. 

The  report  of  the  analyst  also  shows  that  the  artificial  coloring  of 
milk,  once  quite  a  common  practice  in  the  large  cities,  is  now  very 
rarely  found,  the  vigorous  warfare  against  this  objectionable  form 
of  adulteration  having  practically  suppressed  it. 

Among  the  examinations  of  milk  reported  by  the  analyst  special 
attention  is  called  to  the  report  upon  condensed  milk,  an  article 
which  is  now  largely  used  and  has  a  wide  field  of  usefulness  as  a 
convenient  form  of  food  for  special  purposes. 


Food,  other  than  Milk. 

In  the  examination  of  other  kinds  of  food  during  the  year  special 
attention  has  been  given  to  the  examination  of  the  most  important 
and  widely  used  of  all  foods  —  bread ;  and  also  of  cheese,  another 
valuable  article  of  nutriment. 

The  points  of  interest  noted  in  regard  to  bread  are  the  weight  of 
loaves,  the  percentage  of  water  and  of  solids,  the  per  cent,  of  ash 
in  terms  of  solids,  the  acidity  and  the  price  charged  for  each  loaf. 

The  average  weight  of  loaves  was  found  to  be  404  grammes,  or 
13^  ounces. 

The  per  cent,  of  moisture  was  quite  uniform,  in  most  instances 
being  about  42  or  43  per  cent,  of  the  weight  of  the  loaf,  leaving  57 
or  58  per  cent,  of  solids. 

The  price  was  quite  uniformly  five  cents  per  loaf,  rarely  four 
cents,  for  loaves  of  ordinary  size  and  weight. 

No  adulterations  are  mentioned  by  the  analyst,  and  at  the  low 
price  of  flour  in  the  United  States  the  adulteration  of  flour  or  of 
bread  is  of  extremely  rare  occurrence. 

The  examination  of  samples  of  cheese  showed  a  fairly  uniform 
quality  and  price,  the  latter  being  at  sixteen  cents  per  pound. 

Omitting  four  samples  of  special  sorts,  the  average  total  solids 
were  found  to  be  66.3  per  cent.,  the  fat  35  per  cent.,  the  solids,  not 
fat,  31.3  per  cent.,  and  the  water  33.6  per  cent. 
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The  following  tables  present  the  uaual  statistics  relative  to  the 
notices  sent  by  the  Board  to  parties  (usually  retailers)  from  whom 
samples  of  adulterated  food  or  drugs  have  been  obtained  during  the 
year :  — 


Cities  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Articles  of 

Food  other  than  Milk. 


New  Bedford,                                        1 

North  Adams, 

.       b 

North  Brook  field, , 

1 

Orange, . 

1 

Fall  River, 17 

Pittsfield, 

.       5 

Gilbertville,  .....        2 

Taunton, 

1 

Ware,     . 

1 

Webster, 

1 

— 

Cities  and  Towns  to  which  Notices  wen 

i  sent  on  Account  of  Adulterated  Milk. 

Boston, 10 

Newton, 6 

Brockton, 

1 

Norwood, 

S 

Brookline, 

1 

Orange, . 

1 

Cambridge,    . 

37 

Pittsfield, 

1 

Canton,  . 

1 

Plymouth, 

2 

Chelsea, 

10 

Provincetown, 

3 

Dedham, 

7 

Quincy, . 

S 

Everett, . 

10 

Revere,  . 

7 

Fall  River, 

6 

Salem,    . 

12 

Fitchburg, 

4 

Salisbury  Beach, 

1 

Gloucester, 

15 

Somerville,    . 

SI 

Grafton, 

1 

South  Framinghan 

h      . 

1 

Hyde  Park, 

6 

Springfield,    . 

3 

Lawrence, 

3 

Stoneham, 

1 

Littleton, 

2 

Taunton, 

1 

Lynn,     . 

,      22 

Walpole, 

1 

Maiden,. 

21 

Waltham, 

2 

Marblehead, 

0 

4a 

Watertown,    . 

3 

Medfield, 

3 

Woburn, 

15 

Medford, 

6 

Worcester,     . 

5 

Milford, 

2 

— 

Nantasket  Beach,  , 

2 

Total,      . 

274 

New  Bedford, 

2 
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Cities  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Drugs. 


Adams,  . 

•                   •                   I 

1 

Amherst, 

•                   •                  i 

2 

Boston,  . 

•                   • 

17 

Brookline, 

1 

Gloucester,    . 

•                   • 

3 

Millis,    . 

•                                   •                                   « 

1 

New  Bedford, 

•                                   • 

2 

North  Adams, 
Palmer, . 
Provincetown, 
Springfield,    . 
Taunton, 


Total, 


1 
1 
1 
1 
5 

36 


Prosecutions. 

In  the  last  report  a  condensed  summary  of  the  prosecutions  con- 
ducted by  the  Board  for  the  entire  period  since  the  enactment  of  the 
food  and  drug  statutes  was  presented.  The  same  table  is  herewith 
published,  together  with  the  results  of  the  prosecutions  of  the  year 
ending  Sept.  30,  1893  :  — 

Number  of  Complaints  Entered  in  Court, 


Year. 

Food 

not  including 

Milk. 

Drags. 

Milk. 

ToUL 

Conriction*. 

Fines  Imposed. 

1883,  . 

1884,  . 
1885,* 

1886,t 

1887,  . 

1888,  . 

1889,  . 

1890,  . 

1891,  . 

1892,  . 

1893,  . 

2 

50 
10 
30 
22 
74 
78 
96 
52 
26 

5 
1 
1 

5 

12 
3 

4 
45 
68 
10 
34 
43 
66 
24 
49 
72 
67 

9 

48 

119 

20 

64 

65 

140 

102 

150 

136 

96 

8 
44 

103 
19 
60 
61 

124 
96 

135 

123 
92 

-t 
-t 
-t 
-t 

f  2,042  00 
8,889  00 
3,919  00 
2,668  00 
8,661  70 
2,476  00 

Totals, 

• 

440 

27 

482 

949 

865 

18,655  70 

*  To  May  1, 1886. 


f  Four  months  only. 


X  No  record  kept. 


Ratio  of  convictions  to  complaints,  91.1  per  cent. 

Note.  —  All  complaints  entered  before  May  1, 1886,  were  under  the  direction 
of  the  Board  of  Health,  Lunacy  and  Charity,  and  all  after  that  date  were  under 
the  direction  of  the  State  Board  of  Health. 
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Under  the  provisions  of  chapter  289  of  the  Acts  of  1884,  which 
require  the  Board  to  report  annually  to  the  Legislature  the  "  num- 
ber of  prosecutions  made  under"  the  food  and  drug  acts,  "  and  an 
itemized  account  of  all  money  expended  in  carrying  out  the  pro- 
visions thereof,"  the  following  report  was  transmitted  to  the  General 
Court  in  January,  1894 :  — 

Office  of  thb  Statb  Board  of  Health, 

13  Beacon  Street,  Boston,  January,  1894. 

To  the  Honorable  Senate  and  House  of  Representatives  of  the  CommontoeaUh  of 

Massachusetts,  in  General  Court  assembled. 

The  following  summary  is  made  in  compliance  with  the  provisions 
of  chapter  289,  section  2,  of  the  Acts  of  1884,  requiring  the  State 
Board  of  Health  to  "  report  annually  to  the  Legislature  the  number 
of  prosecutions  made  under  chapter  263  of  the  Acts  of  1882,  and  an 
itemized  account  of  all  money  expended  in  carrying  out  the  provi- 
sions thereof." 

The  whole  number  of  prosecutions  made  by  authority  of  the  Board 
against  offenders,  under  the  provisions  of  the  food  and  drug  acts, 
for  the  year  ending  Sept.  30,  1893,  was  96. 

The  cities  and  towns  in  which  the  articles  were  sold,  and  in 
respect  to  which  complaints  were  entered  in  court,  the  character  of 
the  articles  found  to  be  adulterated,  or  fraudulently  sold,  the  dates 
of  the  trials  and  their  result,  are  presented  in  the  following  table  :  — 


Milk  and  Mile  Products. 
Complaints  Entered  for  Fraudulent  Sales  of  Milk. 


Place. 

Date. 

In  Boston,    . 

.     Aug.       1, 

Cambridge, 

.     June       9, 

Cambridge, 

.     June     17, 

Chelsea,  . 

.     March  24, 

Fall  River, 

.     April   27, 

Fall  River, 

.     May       4, 

Fall  River, 

.     May       4, 

Fall  River, 

.     May       4, 

Fall  River, 

.     May       4, 

Fall  River, 

.     June    20, 

Salem,     . 

.     April    29, 

Salem,     . 

.     April    29, 

8a  J  em,     . 

.     A^ril   29, 

1893, 
1893, 
1893, 
1893, 
1893, 
1893, 
1893, 
1893, 
1893, 
1893, 
1893, 
1893, 
1893, 


Result. 

Convicted. 

<< 


(4 
It 
ii 
CI 
CC 
€4 
44 
44 
44 
44 
44 
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For  Fraudulent  Sales  of  Milk —  Continued. 

Place.                                                      Date.                                              Result. 

In  Salem,     ....    April    29,  1893,         .         .     Convicted. 

Salem, 

.     June     26,  1893,         .         .             " 

Salem, 

.     Aug.    28,  1893,         .         .             " 

Salem, 

.     Aug.     28,  1893,         .         .             " 

Salem, 

.     Aug.    28,  1893,         .         .             "     . 

Taunton, 

.     July     29,  1893,         .         .             " 

Taunton, 

.     July     29,  1893,         .         .             " 

Gloucester, 

,     Jan.       8,  1893,         .         .             " 

Gloucester, 

Aug.      2,  1893,         .         .             " 

Gloucester, 

Aug.    31,  1893,         .         .             " 

Quincy,    . 

.     Aug.    24,  1893,         .         .             " 

Quincy,    . 

.     Aug.    24,  1893,         .         .             " 

Chicopee, 

.     June      9,  1893,         .         .             " 

Woburn, 

.     Nov.     16,  1892,         .         .             " 

Spencer,  . 

.     Oct.      18,  1892,         .         .             " 

Hardwick, 

.     Oct.       5,  1892,         .         .             " 

Lee, 

.     Oct.      25,  1892,         .         .             " 

Carlisle,  . 

.     Nov.    25,  1892,         .         .             « 

North  Adams, 

.     Nov.    10,  1892,         .         .             " 

Greenfield, 

.     Nov.    11,  1892,         .         .             " 

Oakham, . 

.     Jan.     28,  1893,         .         .             " 

Canton,   . 

.     Jan.     11,  1893,         .         .             " 

Dedham, . 

.     Feb.     23,  1893,         .         .             " 

Sutton,    . 

.     March  24,  1893,         .         .             « 

Berlin,     . 

.     May     20,  1893,         .         .             " 

Topsfield, 

.     May     20,  1893,         .         .             " 

Walpole, 

.     June     13,  1893,         .         .             " 

Walpole, 

June     13,  1893,         .         .            " 

Walpole, 

Sept.      7,  1893,         .         .             " 

Dover, 

,     June      3,  1893,         .         .             " 

Upton,     . 

.     July     31,  1893,         .         .             " 

Upton,     . 

.     July     31,  1893,         .         .             " 

West  port, 

July     26,  1893,         .         .             " 

Westport, 

,     July     26,  1893,    Plea  of  nolo  contendere 

Millis, 

.     Aug.    25,  1893,         .         .     Convicted. 

Medfield, 

.     Aug.    25,  1893,         .         .             " 

Med  field, 

.     Aug.    25,  1893,         .         .             " 

Medfield, 

.     Aug.    25,  1893,         .         .             " 

Norwood, 

.     Sept.     2,  1893,         .         .             " 

Norwood, 

.     Sept.      7,  1893,         .         .             " 

Norwood, 

.     Sept.    30,  1893, 
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For  Fraudulent  Sales  of  Milk — Concluded. 


Place. 

DATS. 

RXSULT. 

In  Mendon, 

.     Sept.      2,  1893, 

.    Convicted 

Mendon, 

.     Sept.      2,  1893, 

44 

Upton,     . 

.     Sept.      2,  1893, 

44 

Upton,     . 

.     Sept.      2,  1893, 

44 

Wrentham,       * 

.     Sept.    25,  1893, 

44 

Province  town, . 

.     Sept.      1,  1893, 
Total,  61  cases. 

44 

In  Boston, 
Boston, 
Lowell, 
Lowell, 
Lowell, 
Lowell, 


For  Fraudulent  Sales  of  Butter 

.  Dec.     28,  1892, 

.  March  22,  1893, 

.  Jan.     21,  1893, 

.  Jan.     21,  1893, 

.  Jan.     21,  1893, 

.  Jan.     21,  1893, 
Total,  6  cases. 


Convicted. 


In  Boston,    . 
Fall  River, 
Fall  River, 


Other  Articles  of  Food. 

Maple  Syrup. 

.  March  21,  1893, 
.  April  27,  1893, 
.     May       4,  1893, 


Acquitted. 
Convicted. 


44 


•     

In  Boston,    . 
Boston,    . 


Maple  Sugar. 

April    19,  1893, 
April    19,  1893, 


Convicted, 
44 


In  Boston,    . 


Honey. 
Oct.      11,  1892, 


.     Convicted. 


In  Boston,    . 
Boston,    . 
Boston,    . 
North  Adams, 
North  Adams, 
Hardwick  (Gilbertville), . 


Coffee. 

Nov.  29,  1892, 
Dec.  15,  1892, 
March  21,  1893, 
Oct.  20,  1892, 
Dec.  17,  1892, 
Oct.      31,  1892, 


Convicted. 


C4 
Ct 

44 
44 
44 
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Molasses. 

Place.                                                           Datb.  Buolt. 

In  Taunton,          .         .         .     Sept.    23,  1893,  .  .  Convicted. 

Fall  River,       .         .         .     June    20,  1893,  .  .  " 

Fall  River,       .         .         .     June    20,  1893,  .  .  " 

Cassia. 

In  Fall  River,       .         .         .    April   20,  1893,  .  .  Convicted. 

Cloves. 

In  Hardwick  (Gilbertville) , .     Oct.     31,1892,  .  .  Convicted. 

North  Adams,          .         .     Dec.     17,  1892,  .  .  " 

Pepper. 

In  Hardwick  (Gilbertville), .     Oct.     31,  1892,  .  .  Convicted. 

Fall  River,       .         .         .     April    20,  1893,  .  .  Acquitted. 

Taunton,          .         •         .     Sept.    23,  1893,  .  •  Convicted. 

Mustard. 

In  North  Adams,          .         .     Dec.     17,  1892,  .  .  Convicted. 

Boston,    ....     March  21,  1893,  .  .  " 

Gloucester,      .         .         .    Aug.      2,  1893,  .  .  " 

Cream  of  Tartar. 

In  Hardwick  (Gilbertville), .     Oct.     31,  1892,  .  .  Convicted. 

Boston,    ....     Nov.    29,  1892,  •  •  " 

Total,  26  cases. 

Drugs. 

In  Pittsfield,         .         .         .     Nov.    17,  1892,  .  .  Acquitted. 

North  Adams, .         .         .    Nov.    10,  1892,  .  .  Convicted. 

Boston,    ....     April      7,  1893,  .  .  " 

Total,  3  cases. 

Summary. 

Complaints  entered  in  court  under  the  acts  relating  to  inspec- 
tion of  milk  and  milk  products, 67  cases. 

Other  articles  of  food, 26     " 

Drugs, 3     " 

Total, 96  cases. 
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Summary. 

The  whole  number  of  complaints  entered  by  the  State  Board  of 
Health  in  the  courts  of  the  Commonwealth  against  parties  for  viola- 
tion of  the  acts  relating  to  food  and  drug  inspection  was  96.  In 
92,  or  95.8  per  cent,  of  these,  the  parties  were  convicted.  Four 
were  discharged,  either  in  the  lower  or  in  the  upper  courts. 

Of  the  foregoing  cases,  61  were  for  violation  of  the  laws  relating 
to  milk  adulteration,  of  which  number  60  resulted  in  conviction. 

Nearly  all  of  the  cases  entered  for  violation  of  the  statutes  relat- 
ing to  the  sale  of  milk  were  entered  under  the  statute  which  pro- 
vides that  milk  offered  for  sale  shall  be  of  good  standard  quality, 
the  standard  being  defined  by  law. 

Six  complaints  were  entered  under  the  oleomargarine  laws,  each 
of  which  resulted  in  conviction. 

There  were  also  twenty-six  complaints  for  fraudulent  sales  of 
other  articles  of  food,  in  all  of  which  except  two  the  parties  were 
convicted.  In  one  of  these,  a  complaint  for  fraudulent  sale  of  maple 
syrup,  it  was  cluimed  that  the  crate  or  wholesale  package  waa 
marked  with  the  word  "  compound,"  although  the  retail  package 
had  no  such  mark  to  indicate  the  character  of  its  contents.  This 
is  only  one  of  many  instances  which  illustrate  the  difficulties  which 
are  liable  to  arise  under  the  provision  by  which  certain  articles  may 
be  sold  of  an  inferior  quality,  "provided  that  the  same  are  not 
injurious  to  health,  and  are  distinctly  labelled  as  mixtures  or  com- 
pounds." 

The  articles  of  food  embraced  in  the  foregoing  list  were  the  fol- 
lowing :  — 

Maple  syrup,  3  cases ;  maple  sugar,  2 ;  honey,  1 ;  coffee,  6 ; 
molasses,  3 ;  cassia,  1 ;  cloves,  2 ;  pepper,  3 ;  mustard,  3 ;  cream 
of  tartar,  2. 

Of  the  samples  of  drugs  which  were  the  cause  of  complaints  at 
court,  one  case  was  for  refusal  to  furnish  samples  to  an  inspector; 
another  was  for  a  sale  of  a  poisonous  cosmetic ;  and  the  other  was 
for  a  sale  of  McMunn's  Elixir,  which  was  not  properly  marked  with 
a  poison  label,  in  compliance  with  the  Statute  of  1888  (chapter 
209). 

The  standard  of  whole  milk  in  Massachusetts  is  13  per  cent,  of 
solid  residue,  except  in  the  moirtha  of  Msv.^  *&&  June,*  when  it  is  12 
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per  cent.     The  following  list  presents  the  total  solids  in  the  sam- 
ples of  milk  upon  which  complaints  in  court  were  founded :  — 


4.72 

9.80 

10.33 

10.70 

11.15 

8.25 

9.82 

10.40 

10.73 

11.16 

8.48 

9.82 

10.40 

10.75 

11.20 

8.85 

9.95 

10.45 

10.79 

11.30 

9.15 

10.02 

10.50 

10.80 

11.35 

9.29 

10.21 

10.50 

10.94 

11.48 

9.31 

10.21 

10.55 

11.00 

11.48 

9.35 

10.25 

10.56 

11.04 

11.52 

9.44 

10.26 

10.60 

11.12 

11.74 

9.56 

10.26 

10.63 

11.12 

13.33 

The  total  number  of  samples  of  food  and  drugs  examined  during 
the  year  was  as  follows  :  — 

Milk, 3,224 

Other  articles  of  food, 8,009 

Drugs, 327 

Total, 6,560 

Total  expenses  of  collection,  examination  and  prosecution,  .  $10,454  11 

Average  expense  per  sample  collected,          .  1  59 


Fines. 

The  amount  of  the  fines  paid  into  the  treasuries  of  counties,  cities 
and  towns  under  the  provisions  of  the  general  and  special  laws  rela- 
tive to  the  inspection  of  food  and  drugs  was  as  follows :  — 

Fines  paid  for  Violation  of  the  Food  and  Drug  Acts,  upon  Cases  entered  for 

the  Year  ending  Sept.  30,  1893. 

Under  the  provisions  of  the  laws  relating  to  milk  and  milk 

products, $1,991  00 

Under  the  provisions  of  laws  relative  to  other  articles  of  food,  459  00 

Under  the  provisions  of  laws  relative  to  drugs,      ...  26  00 


Total, tt.£l*  S&> 


666 


STATE  BOARD  OF  HEALTH.  [Pub.  Doc.  No.  34. 


Expenditures 

Under  the  Provisions  of  the  Food  and  Drug  Acts  during  the  Tear  ending  8epL 

30, 1893. 


Fob  thc  Evtokoem  e*t  or  tbk  Statuim 

BELATIM  TO  FOOD  AMD  DbUQ 
IXSFICTIOX. 


BeUtlre  to  Milk 
and  Milk  Protects. 


K*latlT«  to  otter 

Kinds  of  Food  sad 

Drugt. 


Salaries  of  analysts 

Salaries  of  inspectors, 

Travelling  expenses  and  purchase  of  samples, 
Apparatus  ana  chemicals,     .... 
Rent  at  Harvard  Medical  School, 
Chemical  analysis  (by  other  chemists), 
Furniture  and  fittings  at  laboratory,     . 

Legal  services, 

Printing, 

Gas, 

Extra  services, 


Total, 


$2,700  00 

2,400  00 

997  05 

145  00 

75  00 

20  00 

45  00 

4  85 

20  00 


$6,406  90 


$1,700  00 

1,500  00 

664  70 

90  63 

50  00 

2  00 

6  52 


13  36 
20  00 


$4,047  21 
6,406  90 


$10,454  11 


SAM'L  W.   ABBOTT, 

Secretory. 


REPORT  OF  DR.  C.  P.  WORCESTER,  ANALYST. 
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REPORT  OF  DR.  C.  P.  WORCESTER,  ANALYST. 


Dr.  S.  W.  Abbott,  Secretary  of  the  Slate  Board  of  Health. 

Dear  Sir  :  —  I  have  the  honor  to  present  my  report  on  the 
analysis  of  food  and  drugs  for  the  year  ending  Sept.  30,  1893. 

The  work  during  this  year  has  been  done  in  the  room  rented  by 
the  Board  for  the  purpose,  at  994  Washington  Street.  The  labora- 
tory has  proved  sufficient  for  the  ordinary  routine  work,  but  for  any 
investigation  involving  special  apparatus  its  resources  are  too  limited. 
The  routine  analysis  this  year  has  been  similar  to  that  of  previous 
years. 

Milk. 


Total 
Milki  Col- 
lected. 


Above 
Standard. 


Below 
Standard. 


Per  Cent. 

Below 

Standard. 


Lowest 
8ample. 


Number  of 

Skimmed 

MJUu. 


Cities, 
Towns, 

Suspected  producers, 
Miscellaneous,  . 
Total  milks, 


1,081 

1,001 

030 

48.1 

7.42 

639 

875 

204 

41.8 

0.10 

482 

160 

828 

87.0 

4.72 

21 

10 

11 

62.4 

- 

3,073 

1,646 

1,628 

40.7 

4.72 

18 
2 


16 


The  percentage  of  samples  below  standard  is  49.7,  practically  the 
same  as  that  of  last  year,  which  was  48.2  per  cent. 

The  relative  advantages  of  the  various  processes  for  the  analysis 
of  milk  have  been  discussed  at  great  length  in  the  many  text-books 
and  in  meetings  of  analysts  the  world  over.  For  the  purpose  of 
determining  the  total  solids  there  is  no  readier  method  that  is  rea- 
sonably accurate  than  the  evaporation  of  a  weighed  quantity  of  milk 
over  steam  in  flat-bottomed  platinum  capsules.  The  determination 
of  the  fat  by  benzine  extraction  of  this  dry  residue  has  proved  an 
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It  will  be  seen  that  under  a  standard  of  13  per  cent,  throughout 
the  entire  year  the  ratio  of  samples  below  the  standard  would  be 
61.2  per  cent.,  while  with  a  12  per  cent,  standard  for  the  year  the 
ratio  would  be  only  16.3  per  cent.,  so  that  the  relative  showing  for 
the  year  is  largely  dependent  on  legislative  enactment. 

The  following  tables  show  the  sources  of  the  various  samples  of 
milk  examined,  apportioned  among  the  cities,  towns  and  suspected 
producers :  — 


Milk  from  Cities. 


Cities. 

Total 

Samples 

Collected. 

Above 
Standard. 

Below 
Standard. 

PerCent. 

below 
Standard. 

Total 
Solids  in 
Lowest 
Sample, 

Unmber 

of 
Skimmed 
Samples. 

Kaaber 

of 
Cota»4 
Sample*. 

Boston,     . 

191 

92 

99 

62.8 

9.66 

, 

w 

Brockton, 

28 

16 

7 

80.4 

10.46 

- 

- 

Cambridge, 

888 

210 

173 

46.2 

10.27 

8 

- 

Chelsea,    . 

179 

83 

96 

68.7 

10.74 

4 

- 

Everett,    . 

121 

49 

72 

69.5 

10.84 

2 

4 

Fall  River, 

84 

60 

84 

40.4 

10.60 

- 

- 

Fllchburg, 

12 

11 

1 

8.8 

9.60 

8 

- 

Gloucester, 

106 

68 

48 

46.8 

8.80 

- 

2 

Haverhill, 

13 

6 

7 

63.8 

11.18 

- 

- 

Lawrence, 

58 

37 

21 

86.2 

11.11 

4 

Maiden,     . 

130 

62 

68 

62.3 

10.60 

1 

1 

Marlborough,  . 

!      io 

3 

7 

70.0 

11.66 

2 

J 

Med  ford,  . 

i          130 

63 

67 

61.6 

11.10 

- 

i     i 

Newburyport, . 

1            U 

7 

6 

41.6 

12.44 

- 

1     . 

Newton,    . 

1            92 

64 

38 

41.3 

10.52 

1 

1 

North  Adams, 

1            13 

11 

2 

15.3 

12.08 

- 

|         - 

Quincy,     . 

1            44 

16 

28 

63.6 

11.16 

- 

i 

Salem, 

|          102 

66 

46 

46.1 

9.87 

- 

1 
i 

8oraervllle, 

260 

125 

135 

61.9 

10.08 

1 

! 
1 

Taunton,  . 

24 

18 

6 

25.0 

11.28 

- 

1 

1 

Waltham, 

56 

27 

29 

61.7 

10.27 

- 

1    » 

Woburn,  . 

140 

46 

94 

67.1 

9.95 

- 

16 

Worcester, 

22 

9 

13 

59.1 

11.66 

- 

Totals, 

2,205 

1,109 

1       1,096 

! 

49.7 

8.80 

24 

1    K 
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Milk  from  Cities. 


Cities. 


Total 
Milks  Col- 
lected. 


Above 
Standard. 

Below 
Standard. 

PerGent 

Below 
Standard. 

Total 
Solids  In 
Loweat 
Sample. 

Number  of 

8klmmed 

Milks. 

Ill 

64 

86.6 

11.24 

1 

7 

ft 

41.7 

11.51 

— 

175 

148 

45.8 

8.53 

1 

61 

70 

53.4 

8.62 

6 

67 

84 

88.6 

9.85 

. 

7 

17 

70.8 

9.40 

. 

27 

68 

70.0 

8.67 

. 

16 

9 

87.6 

9.99 

1 

9 

8 

26.0 

12.03 

• 

46 

95 

67.3 

7.42 

1 

66 

82 

55.4 

8.98 

• 

7 

1 

12.6 

12.68 

• 

49 

29 

87.2 

9.94 

• 

18 

8 

80.8 

11.17 

• 

9 

15 

62.6 

10.50 

• 

68 

41 

41.4 

9.15 

_ 

134 

160 

64.4 

9.76 

1 

48 

18 

28.2 

9.82 

. 

80 

10 

25.0 

11.42 

. 

40 

41 

60.6 

10.26 

. 

22 

22 

50.0 

10.82 

2 

1,001 

980 

48.1 

7.42 

18 

Boston, 
Brockton,  . 
Cambridge, 
Chelsea,     . 
Fall  River, 
Fitchburg, 
Gloucester, 
Lawrence, . 
Lowell, 
Lynn, 
Maiden, 
Marlborough, 
Newton,     . 
New  Bedford, 
Qulucy, 
Balem, 
Somerville, 
Taunton,    . 
Waltham,  . 
Woburn,    . 
Worcester, 


175 

12 

823 

131 

101 

24 

.  90 

24 

12 

141 

148 

8 

78 
26 
24 
99 
294 
66 
40 
81 
44 


1,981 


Milk  from  Towns. 


Towns. 


Total 

Milks  Col- 

lected. 


Above 
Standard. 


Below 
Standasd. 


Percent 

Below 
Standard. 


Total 

Solids  In 

Lowest 

Sample. 


Number  of 

Skimmed 

Milk*. 


Adams,       .        . 

Brookllne, 

Canton, 

Dedham,    . 

Everett, 

Framlngham,    . 

Greenfield, 

null 

Hyde  Park, 

Marblehead, 

Medford,    . 

MUford,     . 

Natlck, 

Norwood,  . 

Orauge,      .         .        . 

Plymouth, 

Provlncetown,  . 

Randolph, . 

Revere, 

Btoneham, 

Stoughton, 

Wakefield, 

Wareham  (Onset  Bay), 

Watertown, 

Weymouth, 

Wluthrop, 


12 
88 

17 
54 
67 

6 
12 
18 
59 
12 
72 
12 
24 
21 
12 

4 
40 
10 
84 
16 
21 

6 
13 
13 

8 

9 

639 


10 

48 

18 

87 

29 

4 

10 

4 

27 

8 

80 

4 

21 

13 

7 

1 

29 

10 

16 

6 

16 

8 

9 

6 

6 

9 

875 


2 

85 

4 

17 

28 

2 

2 

9 

82 

4 

42 

8 

8 

8 

6 

8 

11 

0 

18 

10 

6 

2 

4 

8 

2 

0 

264 


16.6 

42.2 

23.5 

81.5 

49.1 

88.8 

16.6 

69.2 

54.2 

88.8 

58.8 

66.6 

12.6 

38.1 

41.6 

75. 

27.6 

0.0 
52.9 
62.6 
28.8 
40. 
80.7 
61.5 
25. 

0.0 

41.8 


12.11 
11.88 

9.84 
10.02 
10.40 
11.82 
12.50 
10.00 
10.10 

9.19 

9.38 
11.80 
12.39 

9.81 
10.06 
11.47 

9.28 
13.40 
10.45 
11.80 
12.11 
11.19 
12.08 
10.35 
12.36 
12.70 

9.19 
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Milk  from  Suspected  Producers. 


SCSPXCTBO  PlODCCKM. 


Total 
MUks  Col- 
lected. 


Above 
Standard. 


Below 
Standard. 


Percent. 

Below 
Standard. 


Total  Solids 
In 


Acton 

Berlin, 

Billerica, 

Brook  field, 

Carlisle, 

Charlton, 

Chelmsford 

Concord, 

Dover, 

Framlngham, 

Grafton, 

Bolllston, 

Hopedale, 

Hopkinton 

Lincoln, 

Littleton 

Maynard, 

Medfield 

Med  way, 

Mendon, 

Ulllla • 

Norfolk 

Northborongh, 

Norwood, 

Salisbury, 

Shirley, 

Southborough, 

Sutton, 

Upton, 

Walthara, 

Walpolc, 

Wen  ham, 

Weitboroogh, 

Westport, 

Wrentham, 


16 

15 

19 

6 

5 

80 

10 

4 

12 

6 

12 

4 

4 

8 

15 

22 

6 

46 

8 

13 

0 

3 

12 

28 

18 

6 

5 

10 
17 
4 
21 
11 
84 
20 
12 


482 


4 
7 

12 
0 
1 

27 

13 
0 
6 
0 
0 
0 
0 
4 
6 
6 
0 

10 
2 
4 
3 
8 
5 

11 
8 
0 
8 
1 
1 
2 
4 
2 
4 

10 
2 


11 
8 
7 
5 

4 

12 

6 

4 

6 

6 

12 

4 

4 

4 

10 

17 

6 

36 

1 

0 

6 

0 

7 

17 

10 

6 

2 

0 

16 

2 

17 

0 

80 

10 

10 


73.3 
6S.3 
S6.8 

100. 
80. 
80.8 
31.6 

100. 
60. 

100. 

100. 

100. 

100. 
50. 
66.6 
77.8 

100. 
78.4 
33.3 
60.2 
66.6 
0.0 
58.3 
60.7 
65.5 

100. 
40. 
00. 
04.1 
50. 
80.0 
81.8 
88.2 
50. 
83.3 


10.46 
9.02 

12.14 

».a 

4.72 
9.88 

11.79 
10.40 

9.81 
11.67 
10.04 

9.71 
11.14 
11.50 
11.48 
11.15 
10.49 
12.58 
10.21 
11.00 
18.49 
11.88 
10.68 

9.45 
11.31 

9.02 

9.29 
10.22 
12.52 

8.48 
10.88 
11.85 
10.94 
10.21 


150 


823 


67.0 


4.72 


No.  34.]  FOOD  AND  DRUG  INSPECTION. 


673 


The  comparison  of  the  quality  of  samples  by  months  is  of  some 
interest  in  view  of  the  efforts  made  to  reduce  the  standard  during 
the  spring  and  summer  months. 

For  this  purpose  the  following  tables  have  been  prepared,  show- 
ing the  percentage  of  adulteration  during  the  months  of  the  pre- 
ceding as  well  as  of  the  present  year,  with  both  12  and  13  per  cent, 
assumed  as  a  standard  through  the  whole  year :  — 


Quality  of  Milk  by  Months.    Year  Ending  Sept.  30,  1892. 


Months. 

Totol 
Milk*  Col- 
lected. 

A bore  13 
Per  Cent. 

Below  13 
Per  Ceut. 

Below  12 
Per  Cent. 

Per  Cent,  of 

Adulteration. 

13  Per  Cent. 

Standard. 

Per  Cent,  of 

Adulteration, 

12  Per  Cent. 

Standard. 

October '305 

164 

161 

42 

49.5 

13.7 

November, 

197 

104 

93 

26 

47.2 

12.6 

December, 

142 

81 

61 

16 

42.9 

11.2 

January,  . 

163 

102 

61 

8 

37.3 

4.9 

February, 

240 

119 

121 

30 

60.4 

12.6 

March,     . 

;        239 

98 

141 

44 

69. 

18.4 

April,       . 

,        330 

161 

186 

49 

55. 

14.6 

M.iy, 

293 

125 

165 

43 

56.3 

14.6 

June, 

254 

91 

162 

43 

63.8 

16.9 

July, 

253 

89 

164 

64 

64.8 

25.2 

August,    . 

238 

68 

170 

42 

71.4 

17.6 

September, 

. 

350 

128 

231 

63 

64.3 

17.6 

Average, 

- 

- 

- 

- 

65.2 

15. 

Quality  of  Milk  by  Months.    Year  Ending  Sept.  30,  1893. 


Months. 


Total 
Milks  Col- 
lected. 


Above  13 
Per  Cent. 


Below  18 
Per  Cent. 


Below  12 
Per  Cent. 


Per  Cent,  of 

Adulteration, 

13  Per  Cent. 

Standard. 


Per  Cent,  of 

Adulteration, 

12  Per  Cent 

Standard. 


October,  . 

November, 

December, 

January, . 

February, 

March, 

April, 

May, 

June, 

July, 

Autrust, 

September, 

Average, 


I 


272 
304 
260 
111 
109 
231 
257 
250 
294 
298 
423 
264 


146 

126 

28 

187 

117 

37 

117 

143 

49 

51 

60 

17 

37 

72 

26 

103 

128 

40 

120 

137 

60 

86 

165 

60 

94 

200 

32 

91 

207 

85 

134 

289 

122 

107 

157 

41 

WB 

- 

- 

46.3 

38.4 

66. 

64. 

66. 

66.4 

63.2 

66. 

68. 

69.4 

68.3 

69.5 

68.5 


10.3 

12.1 

18.8 

15.3 

22.9 

17.3 

19.4 

24. 

10.9 

28.5 

28.8 

16.6 

18.6 
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Condensed  Milk. 

Samples  of  condensed  milk  and  so-called  "  evaporated  cream" 
were  analyzed  for  total  solids  and  fat  with  the  following  results,  the 
fat  being  obtained  by  benzine  extraction  :  — 


IH8PB0TOU' 
NUMBKJL 


Brand. 


Character  of  Sample. 


Per  Cent 

Solids. 


Per  Tent 

Hollds 

nut  Fat. 


Per  Cent. 
Fat. 


,  Percent. 
Water. 


18570  . 
18672  . 

1024  . 
15431  . 

1088  . 

8405  . 

83  . 

127  . 

1063  . 

1035  . 

2100  . 

2833  . 

2613  . 

2875  . 

3123  . 


St.  Charles, 

Highland, 

St.  Charlea, 

Baby,    . 

J.  B.  Smith, 

Newport, 

Puritan, 

Maine  Jersey, 

Full  Weight 

Sovereign, 

Winner, 

Fisherman's, 

Champion, 

Twltchel  Champlln  Co., 

Dime,    •        •        • 


Evaporated  cream, 

If  M 


II 


II 


Condensed  milk, 
•i  ii 


M 


II 


II 


It 


II 


II 


•  I 


II 


II 


II 


II 


It 


•I 


II 


II 


II 


II 


•  I 


II 


31.87 

26.83 

31.60 

25.70 

31.00 

26.74 

.  :      67.20 

60.70 

75.43 

63.65 

68.32 

61.10 

78.35 

68. 

60.02 

62.75 

74.45 

67.16 

71.75 

65.00 

68.00 

62.00 

60.10 

63.07 

74.20 

65.60 

72.20 

50.80 

72.10 

60.00 

5.04 
6.90 
4.35 

7.50 

11.78 

7.22 

10.S5 

6.27 

7.20 

6.75 

6.00 

6.03 

8.70 

12.40 

12.10 


68.13 
68.40 
68.91 
32.80 
24.57 
31.68 
21.61 
30.93 
25.55 
28.25 
32.00 
30.91 
25.80 
27.80 
27.90 


Cheese. 

Seventy-three  samples  of  cheese  have  been  examined  and  no  case 
of  fraudulent  adulteration  has  been  found.  A  series  of  forty-one 
samples  were  obtained  at  different  times  from  the  poorer  quarters  of 
Boston,  and  were  analyzed  immediately  after  purchase,  before  any 
appreciable  loss  of  water  by  evaporation  could  take  place,  with  the 
following  results :  — 


Inspectors'  Number. 


Per  Cent. 
Solids. 


Per  Cent. 
Fat. 


Per  Cent. 

Solids 
Not  Fat. 


Per  Cent 
Water. 


Per  Cent 

Fat  in 

Total  Solids. 


Price  per 
Pound. 


5241 
6289 
6237 
6236 
6238 


66.04 
66.06 
62.36 
66.18 
66.00 


88. 
37. 
26. 
34. 
35. 


28.04 
29.06 
86.36 
32.18 
31.00 


33.96 
33.94 
37.64 
33.82 
34.00 


67.64 
66.01 
41.69 
61.22 
63.03 


Cents. 
17 

16 

10 

18 

16 
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It  will  be  noticed  that  with  few  exceptions  the  uniform  retail 
price  of  whole-milk  cheese  was  found  to  be  sixteen  cents  per  pound. 
The  exceptions  were  the  skimmed-milk  cheeses  and  remnant  lots  of 
poor  quality  which  were  cheaper  and  the  extra  cream  cheeses  which 
were  more  expensive.  This  means  two-thirds  of  a  pound  of  milk 
solids  for  sixteen  cents,  or  one  pound  for  twenty-four  cents.  Now, 
twenty-four  cents  will  buy  at  retail,  as  a  rule,  four  quarts  of  standard 
milk,  which  contain  approximately  one  pound  of  milk  solids.  Weight 
for  weight,  then  (water  excluded),  cheese  and  milk  are  sold  prac- 
tically at  the  same  rate.  It  should  be  added,  however,  that  nearly 
one-third  of  the  milk  solids  is  sugar,  a  much  cheaper  element  of 
food  than  the  fat  and  proteids  which  are  in  greater  proportion  in 
cheese.  The  percentage  of  fat  determined  by  the  Babcock  process 
in  terms  of  solids  averaged  53  per  cent.,  a  somewhat  high  ratio. 
Of  standard  milk  the  fat  is  28  per  cent,  in  terms  of  the  solids,  the 
smaller  ratio  being  due  chiefly  to  the  excess  of  sugar  in  the  milk 
solids. 

Butter. 

In  but  one  instance  has  the  fraudulent  substitution  of  oleomarga- 
rine for  butter  been  found.  Four  hundred  and  seventeen  samples 
of  butter  have  been  analyzed  and  twenty-four  of  oleomargarine. 

Bread. 

Fifty-nine  samples  of  bread,  chiefly  of  cheap  white  bread,  were 
collected  from  the  poorer  classes  of  bakeries  and  grocers*  shops  in 
order  to  ascertain  what  sort  of  bread  is  furnished  to  the  poorer 
classes  who  usually  depend  on  the  "  corner  grocery"  for  their 
supply. 

Inspection  showed,  as  a  rule,  loaves  which  were  not  far  from  the 
standard  "home-baked  family  loaf."  They  showed,  as  a  rule,  a 
thorough  baking,  though  there  were  not  a  few  exceptions  to  this 
rule;  they  were  well  "raised,"  had  a  good  crumbling  fracture, 
were  not  tough  and  soggy,  nor,  on  the  other  hand,  were  they  over- 
raised,  with  a  dry  and  spongy  texture.  The  majority  had  the 
sweet,  agreeable  odor  and  taste  described  as  the  "  nutty  flavor" 
characteristic  of  a  well-made  loaf.  In  a  number  of  instances,  how- 
over,  there  was  distinctly  perceptible  a  musty  flavor,  amounting  in 
some  cases  to  a  downright  sour  odor  and  taste.  This  sourness 
seems,  at  least  in  part,  to  bo  due  to  a  bacterial  growth  attended  by 
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the  production  of  lactic  acid  or  of  acid  salts.  At  what  stage  in  the 
process  of  manufacture  this  incipient  decomposition  has  taken  place 
it  is  impossible  to  determine  without  a  careful  investigation  of  each 
step  in  the  process  of  making  every  loaf. 

The  souring  of  bread  may  usually  be  traced  to  poor  materials  or 
to  uncleanness  in  the  manufacture.  Chief  among  the  unsound  mate- 
rials which  may  contribute  toward  this  sourness  are  usually  noted 
damaged  flour  and  decomposing  yeast.  So  far  as  has  been  investi- 
gated the  use  of  unsound  flour  is  not  practiced  in  this  part  of  the 
country.  The  yeast  generally  used  is  of  excellent  quality.  It-is  a 
stiff,  smooth  mash,  put  up  usually  in  small  tin-foiled  cakes,  and 
kept  in  a  cool  place.  Under  the  microscope  this  mash  is  seen  to  be 
composed  of  about  equal  parts  of  potato  or  corn  starch  and  yeast 
spores.  It  has  a  distinct  yeasty  odor,  and  but  rarely  is  it  strongly 
acid  in  reaction.  To  the  almost  universal  use  of  good  sweet  yeast  of 
this  variety  in  the  small  bakeries  is  doubtless  due  no  small  share  in 
the  great  improvement  in  quality  of  the  common  baker's  loaf  of  to- 
day as  compared  with  that  of  ten  or  more  years  ago. 

A  vigorous,  pure  yeast  which  will  "raise"  quickly  is  a  great 
preventive  against  sour  bread,  for  not  only  is  it  comparatively  free 
from  the  germs  and  products  of  lactic  acid  decomposition,  but  by 
doing  its  work  quickly  it  enables  the  baker  to  check  the  fermenta- 
tion or  "  raising"  process  before  the  lactic  acid  or  sour  decompo- 
sition is  reached. 

The  degree  of  sourness  of  the  samples  of  bread  examined  has 
been  roughly  measured  and  compared  by  titrating  or  neutralizing 
10  grammes  of  the  crumb,  rubbed  up  with  water,  with  a  decinormal 
soda  solution.  To  neutralize  the  acidity  of  10  grammes  of  the  nor- 
mally sweet  loaf  an  average  of  2  cubic  centimeters  of  the  soda  solu- 
tion  was  required.  This  would  correspond  to  0.72  grammes  of 
luetic  acid  per  loaf  of  an  average  weight  of  about  400  grammes. 
The  loaf  exhibiting  the  maximum  sourness  or  acidity  required  10 
cubic  centimeters  per  10  grammes  of  bread  corresponding  to  11.61 
grammes  of  lactic  acid  per  loaf  of  1,291  grammes. 

The  so-called  black  bread  (rye  bread),  which  finds  a  ready  sale 
among  our  foreign  population,  is  notably  sour  and  heavy,  and  ap- 
parently its  sourness  is  valued  by  this  class.  A  sour  bread  is  un- 
desirable, not  only  because  it  is  unpalatable  but  also  because  of  the 
bacterial  processes  of  decomposition  which  this  acidity  indicate*^ 
and  which  may  seriously  interfere  with  (Wgfefe\»\o\i. 
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Bread. 


IvarscToas' 

X  CX  BSE. 


°8 


« 

o 
o 

s 

s 


I 


•<2 

Is 


Description. 


4761     . 

j      480 

42 

58 

1.03    ' 

I 

2.6 

6 

White. 

4768    . 

434 

33 

67 

1.10 

2.7 

i 

5 

White 

4766    . 

340 

43 

57 

0.60 

2.2 

5 

■  White. 

4703    . 

580 

41 

50 

0.00 

2.7 

10 

'  White. 

4705    . 

i 

43 

57 

1.30 

3.0 

5 

White. 

4800    . 

417 

42 

68 

0.05 

- 

6 

White,  with  caraway  seed. 

6245    . 

800 

45 

55 

1.00 

2.6 

5 

White. 

6363    . 

457 

43 

67 

0.02 

i 

5 

White. 

6247     . 
6240    . 

873 

887 

40 
80 

60 
61 

1.44 
1.04 

4.3 

4 
5 

'  White,    over-raised,    dry    and 
spongy. 
White,  over-raised. 

6251    . 

408 

42 

68 

1.18 

3.5 

5 

White. 

6253    . 

J      400 

41 

60 

1.23 

1.8 

5 

White,  from  •«  N.  K.  kitchen." 

6601     . 

464 

41 

68 

0.68 

i 

5 

White,  underdone. 

6603    . 

410 

44 

56 

1.05 

- 

5 

White. 

6605    . 

387 

43 

57 

1.40 

3.3 

4 

White,  over-raleed,  spongy. 

6607     . 

431 

43 

67 

0.83 

3.3 

5 

White. 

6690    . 

450 

42 

58 

1.00 

3.0 

5 

While. 

6701    . 

3S7 

41 

59 

1.16 

1.9 

5 

White,  "  milk  loaf  .•• 

6T03     . 

320 

42 

68 

1.40 

2.1 

4 

White. 

6705    . 
6707     . 

602 
415 

43 

43 

57 
57 

1.83 
0.65 

6.2 
1.3 

4 

5 

White,  glazed  roll   loaf,  toofh 

and  sour. 
White,  underdone. 

6709     . 

450 

43 

57 

0.85 

1.4 

5 

White,  underdone 

6713     . 

495 

42 

58 

0.95 

1.7 

5 

White,  "shortened." 

6715    . 

422 

42 

58 

1.27 

- 

5 

White. 

6717     . 

416 

42 

58 

1.00 

- 

5 

White. 

6719    . 

654 

44 

56 

1.00 

l.H 

10 

White,  «•  milk  loaf ." 

6721     . 

420 

42 

58 

1.15 

1.8 

5 

White. 

6723    . 

547 

39 

61 

0.S5 

3.2 

r> 

White,  over-raised,  underdone. 

6725     . 

422 

42 

58 

0.92 

2.1 

5 

White. 

6727     . 

3S2 

42 

5* 

0.80 

1 

1.7 

5 

White. 

6511     . 

264 

44 

50 

0.«5 

1.4 

4 

White,  "  French  loaf." 

6509     . 

461 

41 

59 

0.64 

i 

2.4 

5 

White. 

6507     . 

441 

42 

58 

o.co 

1 

1.9       i 

5 

White,  underdone. 

6405     . 

653 

44 

56 

1.60 

7.0 

C 

White,  yellowish,  soar. 
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Bread  —  Concluded. 


Spices. 
The   microscopic  examination  of  over  1,400  samples  of  ground 
spices  resulted  in  the  discovery  of  189,  or  14  per  cent,  of  adulterated 
samples. 

Allspice. 
Adulteration,  5  per  cent.     Adulterants  found  were  wheat,  corn, 
ginger  and  nut  shells. 
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Cassia. 

Adulteration,  7  per  cent.  Adulterants  found  were  ginger,  bark 
of  some  variety,  wheat,  pease,  sawdust  and  nut  shells.  The  worst 
specimen  contained  75  per  cent,  of  wheat. 

Cayenne. 

Adulteration,  38  per  cent.  Adulterants  found  were  corn,  wheat, 
ginger,  nut  shells  and  turmeric.  The  worst  specimen  contained  90 
per  cent,  of  wheat,  corn,  turmeric  and  cocoanut  shells.  Many  of 
these  samples  were  purchased  as  "  capsicum"  from  drug  stores,  and 
in  these  instances  the  percentage  of  adulteration  was  higher  than  the 
average. 

Ploves. 

Adulteration,  13  per  cent.  Adulterants  found  were  corn,  wheat, 
allspice,  nut  shells,  pease,  ginger,  pepper,  charcoal,  dirt,  turmeric 
and  clove  stems.  The  worst  specimen  contained  70  per  cent,  of 
nut  shells,  pease  and  ginger. 

Ginger. 

Adulteration,  7  per  cent.  Adulterants  found  were  corn,  wheat, 
rice  and  turmeric.  The  worst  specimen  contained  40  per  cent,  of 
corn  and  turmeric. 

Mace. 

The  only  adulteration  found  was  the  apparently  accidental  ad- 
mixture of  other  spices  in  one  instance. 

Mustard. 

Adulteration,  27  per  cent.  Adulterants  found  were  wheat,  corn, 
rice,  cayenne,  mustard  hulls,  tapioca  and  turmeric,  the  latter  being 
added  for  color  both  in  the  ground  form  and  in  the  form  of  an  ex- 
tract. The  worst  specimen  contained  but  a  small  trace  of  mustard, 
the  other  constituents  being  the  first  four  of  the  above-named  adul- 
terants, colored  with  turmeric. 


Nutmeg. 
No  adulteration  found. 
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Pepper. 

Adulteration,  11  per  cent.  Adulterants  found  were  wheat,  buck- 
wheat, corn,  sawdust,  cayenne,  nutshells  and  charcoal.  The  worst 
specimen  contained  90  per  cent,  of  wheat,  buckwheat  and  cayenne. 

Baking  Powder. 
Of  eight  brands  of  baking  powder  examined,  six  contained  alum. 

Canned  Goods. 

Of  nineteen  samples  of  canned  goods  of  various  kinds,  none  were 
found  to  contain  any  harmful  preservative  or  metallic  poison. 

Chocolate. 
No  adulteration  was  found  in  the  five  samples  submitted. 

Confectionery. 

Of  the  fifty-nine  samples  examined,  all  but  two  were  composed  of 
edible  and  non-injurious  constituents,  such  as  cane  sugar,  glucose, 
and  wheat,  corn  and  potato  starch.  Two  samples  contained  paraffin 
in  considerable  amount  and  turpentine,  which  was  added  doubtless 
under  the  name  of  "  Essence  of  Lemon." 

Coffee. 

Adulteration,  30  per  cent.  Adulterants  found  were  chicory, 
pease,  wheat,  wood,  charcoal  and  dried  grains  composed  of  ground 
pea  hulls  and  molasses.  The  worst  case  of  adulteration  contained 
50  per  cent,  of  pease  and  chicory,  while  a  ««  compound  coffee"  was 
found  to  contain  no  coffee  whatever.  A  coffee  substitute  and  adul- 
terant was  found  to  consist  of  small  brown  pellets  of  about  the  size 
of  coffee  beans,  but  composed  of  wheat  mash,  mixed  with  a  red 
oxide  of  iron  for  a  color,  and  roasted. 

Cream  of  Tartar. 

Adulteration,  3  per  cent.  Adulterants  found  were  gypsum,  corn 
starch  and  phosphate  of  calcium.  The  adulteration  of  cream  of  tartar 
is  now  comparatively  rare.  The  worst  sample  contained  75  per  cent, 
of  calcium  phosphate  and  corn,  while  a  "  compound  cream  of  tartar" 
was  found  to  contain  no  cream  of  tartar  whatever. 
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Honey. 

Adulteration,  14  per  cent.  The  only  adulterant  found  was  glu- 
cose syrup,  which  was  found  in  varying  amounts  up  to  40  per  cent. 
The  analysis  of  honey,  sugars  and  syrups  is  made  by  means  of  the 
polariscope. 

Molasses. 

Adulteration,  11  per  cent.  The  only  adulterant  found  was  glu- 
cose syrup,  which  was  present  in  one  instance  to  the  extent  of  40 
per  cent. 

Maple  Syi*up. 

Adulteration,  43  per  cent.  Adulterants  found  were  cane  sugar 
other  than  maple  and  glucose.  The  worst  specimen  was  a  so-called 
"  Vermont  Maple  Syrup,"  containing  58  per  cent,  of  glucose  syrup. 

Maple  Sugar. 

Adulteration,  34  per  cent.  The  adulterant  found  was  a  crude 
molasses  sugar,  which  chemically  is  nearly  identical  with  maple 
sugar,  but  whose  flavor  is  totally  different. 

Syrup. 

Only  one  sample  of  the  fifteen  submitted  was  found  to  be  adulter- 
ated, but  that  contained  50  per  cent,  of  glucose. 

Lard. 

Adulteration,  28  per  cent.  The  adulterants  found  were  cotton- 
seed oil  and  tallow. 

Tea. 

None  was  found  to  contain  other  than  genuine  tea  leaves,  and  but 
one  sample  contained  too  much  mineral  matter  indicating  spent 
leaves.  The  rigid  examination  of  teas  at  various  ports  of  entry  by 
government  inspectors  regularly  appointed  for  that  purpose  has 
resulted  in  practically  shutting  out  spurious  teas  from  our  market. 

Vinegar. 

Adulteration,  34  per  cent.  Any  failure  to  conform  to  the  legal 
standard  of  4.5  per  cent,  of  acetic  acid  and  2  per  cent,  of  apple  solids 
constitutes  adulteration.     Samples  may  contain  too  little  acetic  acid 
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either  from  insufficient  fermentation  of  the  cider  or  from  dilution 
with  water.  An  insufficiency  of  apple  solids  indicates  watering,  and 
the  substitution  of  other  solids  indicates  that  the  vinegar  is  made  at 
least  in  part  by  the  fermentation  of  materials  other  than  cider,  — 
notably  molasses.  The  greater  number  of  adulterated  samples  fell 
but  slightly  below  the  standard. 

Olive  Oil. 

Adulteration,  26  per  cent.  The  adulterant  found  was  cotton-seed 
oil.  Many  of  the  cotton-seed  oil  substitutes  for  olive  are  now  labeled 
"  sweet  oil "  or  "  salad  oil,"  terms  of  such  an  indefinite  significance 
that  technically  there  is  no  deception. 

Miscellaneous. 

Of  11(5  samples  of  a  miscellaneous  description  24  were  found  not 
of  good  quality.  Of  this  number  were  samples  of  pickles  containing 
notable  quantities  of  alum ;  dried  apples  containing  considerable 
traces  of  zinc  ;  catsuj)  containing  salicylic  acid ;  fruit  syrups  contain- 
ing salicylic  acid,  in  some  instances  to  the  extent  of  0.47  per  cent. ; 
salt  fish  preserved  with  boracic  acid. 

Among  the  novelties  of  this  class  was  a  sample  of  "  kustard  "  which 

proved  to  be  a  mixture  of  corn  starch  and  salt  flavored  with  cou- 

marin. 

Summary  of  Food  Statistics. 


Genuine. 

Adulter- 
ated. 

Total. 

1 

Genuine. 

Adulter- 
ated. 

Total. 

Allspice,  . 

92 

5 

97 

i  Honey,     . 

46 

8 

54 

Baking  powder, 

2 

6 

8 

Lard, 

15 

6 

21 

Bread, 

59 

0 

59 

Mace, 

56 

1 

57 

Butter, 

417 

24 

441 

Maple  sugar,    . 

28 

15 

43 

Canned  goods, 

19 

0 

19 

Maple  syrup,  . 

17 

13 

30 

Cassia, 

185 

14 

199 

Miscellaneous, 

116 

24 

140 

Cayenne, . 

40 

25 

65 

Molasses, . 

136 

17 

153 

Cheque, 

73 

0 

73 

Mustard,  . 

174 

64 

238 

Chocolate, 

5 

0 

5 

Nutmeg,  . 

2 

0 

2 

Cloves, 

190 

28 

218 

Olive  oil,  . 

17 

6 

28 

Coffee, 

49 

21 

70 

Pepper,    . 

289 

36 

325 

Confectionery, 

59 

2 

61 

Syrup,      . 

14 

1 

15 

Cream  of  tartar, 

353 

13 

866 

'  Tea 

59 

1 

60 

Ginger,     . 

193 

16 

209 

,  Vinegar,  . 

58 

31 

\  ~ 
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Drugs. 

Of  this  class,  327  samples  were  examined.     Ninety-nine  proved 
to  be  not  of  Pharmacopoeal  quality. 

Acidum  Benzoicum:  3  standard. 

Acidum  Hydrobromicum :  2  standard. 

Acidum  Tannicum:   15  standard;    1  inferior,  containing  a  resin 
insoluble  in  water. 

^Ether:  6  standard  ;  2  inferior,  containing  too  much  alcohol. 

JEther  fortior:  3  standard. 

Alcohol:  15  standard. 

Aqua  Ammonia:   5  standard;  2  inferior,  containing  too  much 
water. 

Aqua  Ammofiice  fortior:  5  standard. 
Aqua  Destillata:  1  standard. 
Bismuthi  Subnitras:  2  standard. 
Cerii  Oxulas:  2  standard. 

Chloroform :  3  standard. 

Extraction  Glycyrrhizce :  1  standard;  2  interior,  containing  con- 
sttTcrable  amounts  of  corn  and  wheat  starch. 

Exlractum  Malti:  1  of  good  quality. 

Ferri  et  Quininas  Citras:  7  not  of  the  Pharniacopoeal  standard. 

Gh/cerinum:    lti   standard;   3   inferior,  containing  oils   reducing 
nitrate  of  .silver,  one  sample  containing  petroleum. 

Iodoform:   1  standard. 

Lycopodium:  2  standard. 

Liquor  Magnesii  Citratis:  2  standard. 

J/agnesii  sulphas:   1  standard. 

Oleum  Olivw:  9  of  good  quality;  2  cotton-seed  oils. 

Opii  Pulvis:  10  standard,  2  inferior,  containing  too  little  mor- 
te. 
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Potassii  Acetas:  5  standard;  3  inferior,  containing  considerable 
carbonate  and  chloride. 

Potassii  Citras:  6  standard. 

Potassii  Iodidum:  6  standard  ;  1  inferior,  containing  a  consider- 
able amount  of  chloride. 

Potassii  Permanganas :  6  standard. 

Pulvis  Effervescens  Compositus:  13  standard  in  quality,  but  of 
considerable  variety  of  weight,  and  the  blue  and  white  papers  trans- 
posed in  two  instances. 

Pulvis  Glycyrrhizce  Compositus:  1  of  inferior  quality. 

Pulvis  Rhei:  9  standard. 

Quinince  Bisulphas :  1  standard. 

Quinince  Sulphas:  7  standard. 

Spiritus  Frumenti:  2  standard;  1  inferior,  containing  too  much 
solid  matter,  chiefly  sugar.  The  percentage  of  alcohol  varied  from 
41  to  53. 

Spiritus  Juniperi:  2  of  good  quality  and  2  inferior,  being  largely 
diluted  with  water. 

Spiritus  Limonis:  1  standard. 

Spiritus  Vint  Gallici:  2  standard. 

Sulphur  Lotum:  12  standard  ;  1  inferior,  containing  50  per  cent. 

of  gypsum. 

Syrupus:  1  standard;  1  inferior,  containing  too  much  water. 

Tinctura  Aconiti:  6  standard. 

Tinctura  Iodi:  3  standard;  10  inferior,  containing  too  little 
iodine,  the  deficiency  being  from  5  to  30  per  cent. 

Tinctura  JVucis  Vomicae:  4  standard;  5  inferior.  This  tincture 
should  contain  2  per  cent,  of  the  dry  extract.  The  samples  sub- 
mitted contained  from  2.19  per  cent,  to  0.6  per  cent. 

Tinctura  Opii:    25  standard;  27  inferior.     This  tincture  should 
contain  1.3  to  1.5  per  cent,  of  morphine  by  the  Pharm^^^^^ssKV 
The  samples  submitted  contained  from  *LXh  ^«t  wok*  V»  ^^v** 


686 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


cent.,  the  strongest  tincture  being  more  than  three  times  as  strong 
as  the  weakest. 

Vinum  Album :  4  samples  not  of  Pharmacopoeal  quality,  contain- 
ing too  much  solid  residue,  chiefly  sugar.  The  alcohol  also  was 
found  to  be  from  1  to  3  per  cent,  in  excess. 

Vinum  Rxtbrum:  16  samples  not  of  Pharmacopoeal  quality.  Here 
again  there  proved  to  be  a  large  excess  of  sugar,  while  the  alcohol 
varied  from  2  per  cent,  below  to  3  per  cent,  above  the  standard. 

Zingiber:  1  standard. 

Miscellaneous:  12  of  good  quality;  1  not  of  good  quality.  In 
this  class  were  included  samples  of  non-poisonous  insect  fluids  com- 
posed of  benzine,  alcohol,  peppermint,  pennyroyal  and  borax. 

A  "  wild  cherry  beverage"  contained  no  hydrocyanic  acid. 

A  sample  of  patent  obesity  pills  contained  nothing  to  be  detected 
but  sugar. 

A  sample  of  "  freckle  lotion"  contained  forty  grains  of  corrosive 
sublimate  per  bottle. 

Other  face  washes  selling  at  one  or  two  dollars  per  bottle  were 
found  to  contain  alcohol  and  citric  acid  in  solution,  and  sulphur, 
chalk  and  gypsum  in  suspension. 

A  sample  of  "Black  Pepsin"  was  found  to  consist  of  ground 
annatto  and  salt.     It  gave  a  slight  pepsin  digestion  reaction. 

A  sample  of  "  Compound  Extract  of  Salix,"  prepared  for  pre- 
serving eggs,  fruit  and  vegetables,  proved  to  be  salicylic  acid. 


SUMMARY. 

Genuine. 

Adulterated. 

Total. 

Milks,        .... 

Foods  Dot  milk, 

Drugs,       .... 

•  •                        •                        • 

•  •                        •                        • 

•  •                      •                      • 

1,545 

2,763 

228 

1,528 
377 

99 

3,073 

3,140 

327 

Totals, 

4,536 

2,004 

6,540 

Respectfully  submitted, 


CHARLES  P.  WORCESTER, 
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PROFESSOR  GOESSMAISTN'S  REPORT. 


The  following  report  comprises  the  results  of  the  analyses  of 
samples  of  milk  obtained  in  the  four  western  counties  of  Massachusetts 
during  the  year  ending  Sept.  30,  1893. 

The  whole  number  examined  was  187,  of  which  38,  or  20.3  per 
cent.,  were  below  the  standard.  This  result  was  but  slightly 
greater  than  that  of  1892  for  the  same  district,  which  was  19.8 
per  cent. 

The  results  of  analyses  were  as  follows :  — 

Whole  Dumber  examined, 187 

Number  above  standard, 149 

Number  below  standard, 38 

Percentage  below  standard, 20.3 

Samples  of  skimmed  milk, 7 

The  statistics  of  the  cities  are  as  follows :  — 

Chicopee. 

Number  of  samples, 16 

Number  above  standard, 14 

Number  below  standard, 2 

Percentage  below  standard, 12.5 

Skimmed  milk, 2 

HOLTOKE. 

Number  of  samples, 16 

Number  above  standard, 16 

Number  below  standard, 0 

Percentage  below  standard, 0 

Skimmed  milk, 2 

PlTTSFIELD. 

Number  of  samples, 15 

Number  above  standard, 9 

Number  below  standard, 6 

Percentage  below  standard, 40.0 

Skimmed  milk, ^ 
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SPBIXG  FIELD 


Number  of  samples, . 
Number  above  standard,  . 
Number  below  standard,  . 
Percentage  below  standard, 
Skimmed  milk,  . 


37 
28 

9 
24.3 

0 


The  results  in  the  towns  were  as  follows :  — 


i        Total.         < 

Above        | 
Standard. 

Below 
Standard. 

I'ercrnUt* 

below 
Stand*!*. 

Adams,    .... 

13 

12 

1 

I 

Greenfield, 

12 

10 

2 

- 

Lee, 

.  •            8 

5 

Q 

~ 

North  Adams, . 

42 

34 

8 

Orange,    .... 

12 

7 

5 

- 

Ware,       .... 

16 

14 

2 

103 

| 

»2 

1        21 

1                   1 

20.4 

C.  A.  GOESSMAXN, 

Amherst,  Mass. 

CJtcmist. 

ISOLATION  HOSPITALS  FOR  INFECTIOUS  DISEASES. 
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ISOLATION  HOSPITALS  FOR  INFECTIOUS  DISEASES. 


By  S.  W.  Abbott,  M.D.,  Secretary  of  the  Board. 


An  increased  demand,  during  the  past  two  years,  from  the  author-, 
ities  of  cities  and  large  towns,  and  especially  from  manufacturing 
towns,  for  information  on  the  subject  of  infectious  disease  hospitals 
has  formed  the  incentive  to  the  compilation  of  the  following  paper. 

The  essential  difference  between  hospitals  established  for  receiving 
patients  attacked  with  infectious  disease  and  other  hospitals  consists 
in  the  fact  that  the  latter,  the  general  hospitals,  are  maintained  mainly 
for  the  purpose  of  affording  care  and  treatment  for  the  individual, 
while  the  former,  the  infectious  disease  hospitals,  in  affording  this 
care  and  treatment  also  provide  for  the  protection  of  the  community 
at  large,  and  thus  constitute  one  of  the  essential  measures  for  pre- 
venting the  spread  of  infectious  diseases  by  furnishing  the  means  for 
isolating  the  first  cases  which  appear  in  any  community. 

The  principal  reasons  for  providing  these  establishments  in  large 
cities  are  the  following  :  — 

First.  Isolation  constitutes  the  first  and  essential  principle  in  the 
preventive  treatment  of  the  majority  of  infectious  diseases.  The 
more  perfect  the  barrier  between  the  sick  and  the  well  the  greater 
becomes  the  certainty  of  staying  the  spread  of  infectious  disease. 
On  the  other  hand,  the  increasing  accumulation  of  our  population 
in  the  cities  has  a  tendency  to  favor  the  spread  of  such  disease. 
The  urban  population  of  Massachusetts  (t.  e.,  people  living  in 
cities  having  more  than  8,000  inhabitants  in  each),  was  only  27.1 
per  cent,  of  the  total  population  of  the  State  in  1840.  In  1880 
it  had  increased  to  58.4  per  cent.,  and  in  1890  to  69.9  percent. 
The  urban  population  of  the  United  States  had  also  increased  from 
22.6  per  cent,  in  1880  to  29.1  per  cent,  in  1890. 

To  illustrate  the  effect  which  this  crowding  together  of  the  popu- 
lation has  upon  the  mortality  from  infectious  diseases  the  following 
data  are  presented.  They  are  the  result  of  observations  upon  this 
subject  extending  over  a  period  of  twenty  years  itv  ^fa&^M3ro&ft&&< 
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and  wore  published  in  the  twenty-third  annual  report  of  the  State 
Board  of  Health,  page  783,  etc.  They  are  here  more  conveniently 
grouped  together  in  one  table. 

Mortality  from  Eight  Principal  Infectious  and  Destructive  Diseases  in  Dense, 
Medium  and  Sparsely  Settled  Districts  in  Massachusetts,  that  of  Dense  Dis- 
tricts being  taken  as  1,000. 


Mortality  nox 


Dense, 

Medium,  . 
Sparse, 


c£L%.   |Me«lei. 

1,000  ,1  1,000 
826  |  617 
760     <        445 


Rcarltt 


Diphtheria,    8mall. 


and 


**••       C^up.    |     *~ 


Cholera  I     Con- 


Pneu- 


[nfaot urn.  .sumption,  i  raonla. 


1,000 

1,000 

818 

780 

687 

634 

Typtotf 
Fevtr. 


1,000 
832 
140 


1,000 
898 
639 


1,000 
810 
727 


1,000 
702 
783 


1,000 
1,100 
1,175 


In  using  these  terms,  dense  refers  to  those  districts  in  which  there 
was  less  than  one  acre  to  each  inhabitant ;  medium,  to  those  districts 
in  which  there  was  more  than  one  acre  but  less  than  four  acres  to 
each  inhabitant ;  and  sparse,  to  those  districts  in  which  there  were 
more  than  four  acres  to  each  inhabitant.  By  this  table  it  appears 
that  overcrowding  has  an  unfavorable  effect  upon  the  mortality  of 
each  one  of  the  foregoing  diseases  except  typhoid  fever. 

Secondly.  The  inability  of  the  majority  of  laborers  and  mechanics 
to  furnish  separate  accommodations  for  the  isolation  of  members  of 
their  families  who  may  become  ill  with  infectious  disease  is  well 
known.  Such  families  usually  live  in  tenements  having  from  one 
to  four  rooms,  none  of  which  can  safely  be  devoted  to  the  treatment 
and  isolation  of  infectious  diseases  of  a  dangerous  character.  The 
serious  overcrowding  which  prevails  in  some  of  the  large  cities  of 
Great  Britain  has  not  yet  been  reached  in  any  of  our  large  cities, 
but  the  tendency  is  in  that  direction  (Glasgow  has  a  population 
of  more  than  100,000  living  in  one- room  tenements).  The  very 
great  increase  of  the  population  of  this  class  by  immigration  has 
been  the  chief  factor  in  causing  overcrowding  in  our  cities  during 
the  past  decade. 

Third.  Another  important  advantage  secured  by  the  isolating 
hospital  is  found  in  the  fact  that  the  ordinary  duties  of  the  house- 
hold, the  attendance  at  school,  and  especially  the  support  of  the 
family  by  its  wage-earners,  can  be  carried  on  without  disturbance, 
the  danger  of  infection  having  been  removed  by  the  transfer  of  the 
sick  member  of  the  family  to  the  hospital.  It  has  not  unfrequently 
"  appened  that  the  local  sanitary  a\x\Xvo\\\\^  vcv  ^m^  ol  ova  <&&*&  %ad 
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towns  have  not  only  rigorously  enforced  the  law  relating  to  non- 
attendance  at  school,  but  have  also  quarantined  the  whole  family, 
old  and  young ;  so  that,  by  this  means,  the  scholar  is  deprived  of 
from  two  to  ten  weeks,  or  even  more,  of  his  educational  privileges 
at  the  most  important  or  most  receptive  period  of  his  life,  the 
length  of  time  depending  upon  the  duration  of  illness  in  the  infected 
household  ;  and  more  than  this,  the  father  and  other  wage-earners 
have  been  kept  from  work  in  the  mill,  the  factory  or  the  workshop. 
Even  if  he  is  allowed  to  work,  his  fellow  workmen  are  wont  to 
regard  him  with  suspicion  so  long  as  a  case  of  any  one  of  the  in- 
fectious fevers  exists  in  his  household.  Now,  the  prompt  removal 
of  such  cases  permits  the  school  attendance  and  the  employment  of 
other  members  of  the  family  to  go  on  undisturbed. 

In  all  my  experience  with  local  boards  of  health  during  the  past 
few  years,  I  know  of  no  circumstance  or  condition  which  has  given 
more  serious  trouble  and  perplexity  than  this,  nor  do  I  know  of  any 
which  is  likely  to  be  relieved  to  so  great  an  extent  as  is  this  condi- 
tion by  the  introduction  of  the  isolating  hospital. 

So  far  as  one  disease  (small-pox)  is  concerned,  the  principle  of 
isolation  in  a  hospital  specially  provided  or  designed  for  such  pur- 
pose has  been  recognized  from  a  very  early  period  of  our  history. 
In  1701  an  act  was  passed  by  the  General  Court  "for  the  better 
preventing  the  spread  of  infection,"  wherein  it  was  provided  that 
"  when  persons  were  visited  with  the  plague,  small-pox  or  pestilen- 
tial or  malignant  fever,  and  other  contagious  sickness,  the  infection 
whereof  may  be  communicated  to  others,"  the  selectmen  were  em- 
powered to  remove  such  infected  persons  to  separate  houses,  and  to 
provide  "  nurses,  tendance  and  other  assistance  and  necessaries  for 
them,  at  the  charge  of  the  parties  themselves,  their  parents  or  mas- 
ters (if  able),  or  otherwise  at  the  charge  of  the  town  or  place  where 
they  belong." 

Small-pox  has  been  shorn  of  much  of  its  terrors  by  the  discovery 
and  practice  of  vaccination,  so  that  while  in  the  last  century  it  fur- 
nished a  very  large  percentage  of  the  deaths  the  ratio  of  such  mor- 
tality in  the  present  century  has  been  very  greatly  diminished. 

The  number  of  deaths  from  small-pox  in  the  twenty  years  (1871— 
18!M))  in  Massachusetts  was  2,298,  while  those  from  measles,  scarlet 
fever,  diphtheria,  croup  and  typhoid  fever  were,  respectively,  3,984, 
14,()39,  3(>,553  and  19,421.  If  the  ratio  of  cases  to  deaths  main- 
tained the  average  which  has  usually  been  obsfctN^,  >2c\s>  \fl\s\^eoxa.- 
ber  of  cases  of  these  diseases  which  occuxxedi  Vcv  W\fc  <S>\»Xr>  ^oxv»% 
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these  twenty  years  must  have  been  at  least  700,000.  Had  adequate 
provision  been  furnished  for  controlling  epidemics  at  their  outset,  it 
is  safe  to  say  that  a  very  considerable  portion  of  these  lives,  and 
also  of  these  cases  of  illness,  might  have  been  saved.  The  pro- 
vision of  isolating  hospitals  constitutes  one  important  measure  for 
controlling  such  epidemics,  while  prompt  notification  by  the  attend- 
ing physicians,  disinfection,  vaccination  and  restriction  of  school 
attendance  from  infected  families  also  constitute  a  part  of  the  same 
general  plan  of  action. 

Hospitals  for  infectious  diseases  have  reached  their  highest  type 
of  development  in  England,  but  are  not  yet  in  very  common  use  in 
the  continental  countries  of  Europe.  In  commenting  upon  the  his- 
tory of  this  subject,  Dr.  Buchanan  says,  in  his  introduction  to  the 
special  report  to  the  Local  Government  Board  of  England  upon  the 
44  Use  and  Influence  of  Hospitals  for  Infectious  Diseases  " :  — 

The  original  design  of  these  hospitals  in  England  was  to  promote  the 
recovery  of  the  individual  poor  patient  for  whom  other  accommodation  wa* 
wanting ;  indeed,  the  name  "  house  of  recovery"  was  a  frequent  synonym 
for  infectious  disease  hospital  at  the  period  when  such  an  institution  was 
first  seen  to  be  necessary.  Hut  it  was  inevitable  that  the  advantages  to  be 
obtained  by  the  district  possessing  a  hospital  should  soon  force  themselves 
upon  the  attention  of  the  observer,  and  from  a  very  early  period  of  their 
history  infectious  disease  hospitals  have  been  advocated  on  the  ground  of 
their  protecting  the  household  against  the  spread  of  infection. 

The  benefits  of  these  hospitals  were  not,  however,  obtained  without  a 
good  deal  of  misfortune  within  the  walls  of  the  institutions  themselves. 
In  the  small- pox  hospital,  indeed,  this  was  not  apparent.  Small-pox  had 
been  regarded  from  the  beginning  as  requiring  a  special  building  for  itself. 
It  had  a  "  specific  "  contagion,  which  could  not  be  safely  treated  under  the 
same  roof  with  the  4i  general"  contagion  of  fever.  So,  in  the  hospital 
where  no  disease  but  small-pox  was  received,  patients  had  no  opportunity 
of  contracting  other  diseases.  The  nurses,  in  early  times  selected  from 
among  those  who  had  passed  through  an  attack  of  small-pox,  and  in  later 
times,  having  their  vaccination  specially  cared  for,  took  nothing  from  their 
patients;  but  in  the  "fever  hospital"  the  case  was  different.  Doctors 
and  nurses  caught  fever,  in  some  years  mure  than  in  others,  while  convales- 
cent patients  had  what  appeared  to  be  repetitions  of  fever  attacks.  So 
serious  indeed  did  these  misadventures  become  that  forty  years  ago  it  had 
come  to  be  spoken  of  as  doubtful  whether  fever  cases,  if  they  were  to  be 
treated  in  hospitals  at  all,  had  not  better  be  distributed  through  the  wards 
of  general  hospitals.  The  oxv)ev\mev\t  wa&  U-ied^  but  with  far  greater  dis- 
aster to  the  patients  and  atten&awVa  oi  W\*  ^\\*\\A\\^\\s\. 
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In  the  foregoing  quotation  the  special  form  of  fever  to  which  refer- 
ence is  made  is  undoubtedly  typhus,  and  not  typhoid  or  enteric  fever. 

With  reference  to  the  propriety  of  separating  isolating  hospitals 
absolutely  from  all  other  establishments,  Dr.  Rowe  says  in  his  recent 
paper  upon  this  subject:  — 

In  large  communities  the  only  system  that  is  beyond  criticism  is  to  make 
for  infectious  diseases  a  separate  establishment,  independent  and  isolated. 
...  It  is  the  duty  of  hospital  workers  and  sanitarians  not  to  cease 
forcing  upon  public  authorities  the  necessity  of  intelligent  action,  until 
every  municipality,  through  its  public  treasury,  shall  provide  special  hos- 
pitals always  available  for  infectious  diseases.  Is  it  not  the  wisest  policy 
to  put  such  hospitals  under  the  immediate  control  of  the  local  board  of 
health?  They  have  so  close  a  connection  with  other  vital  matters  properly 
belonging  to  health  boards  that  it  conduces  to  unity  of  action  to  have  the 
suppression  of  infection  under  one  authority,  a  practice  that  obtains  in 
Great  Britain.* 

As  early  as  1866  an  act  of  Parliament  had  given  to  local  authori- 
ties the  power  to  erect  and  to  maintain  hospitals  for  isolation  of 
persons  suffering  with  contagious  diseases.  This  power  was  further 
enlarged  by  the  general  Public  Health  Act  of  1875.  As  a  result  of 
this  legislation  it  was  found  by  returns  made  in  1879  that  296 
authorities  had  availed  themselves  of  this  privilege  in  the  erection 
of  buildings  of  one  sort  or  another  for  this  specific  purpose.  The 
arrangements  were  in  some  cases  rudimentary  and  insufficient,  and 
on  the  other  hand  some  authorities  had  wisely  and  liberally  used 
their  powers  in  providing  efficient  hospitals  for  the  reception  of 
persons  suffering  with  contagious  fevers  and  from  small-pox. 

In  a  brief  paper  upon  the  same  subject  presented  at  the  Inter- 
national Congress  of  Hygiene  at  London  in  1891,  Dr.  Thorne  states 
that  this  number  had  increased  to  400,  and  that  the  general  adoption 
of  the  provisions  of  the  Infectious  Disease  (Notification)  Act  of  1889 
was  likciv  to  lead  to  a  still  further  increase  in  the  number  of  these 
establishments. 

In  commenting  upon  the  diseases  calling  for  isolation,  Dr.  Thorne 
saws  :  — 

* 

So  far,  there  is  no  evidence  that  aggregation  of  the  infectious  sick  suffer- 
ing from  any  of  these  diseases,  except  small-pox,  such  as  is  likely  to  be 
carried  out  by  any  ordinary  sanitary  authority,  leads  to  infection  of  tba, 


*  Paper  rend  nt  Comtret*  of  CharUten,  Correction  MkdTOXitottttOTO**^^**^^*81** 
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surrounding  community,  provided  that  the  hospital  be  properly  constructed 
and  administered,  and  subject  to  a  zone  of  some  forty  feet  being  provided 
between  all  buildings  intended  to  receive  infected  persons  or  things  and  the 
boundary  wall,  or  close  fence  around  the  site.  Experience  has  shown  that 
it  is  otherwise  with  small-pox,  and  it  yet  remains  to  be  ascertained  what 
are  the  circumstances  under  which  cases  of  that  disease  can  be  aggregated 
for  the  purposes  of  sanitary  authorities  without  risk  to  the  community. 
Fortunately,  owing  to  the  protection  afforded  by  vaccination,  small-pox 
does  not,  as  is  commonly  supposed,  stand  foremost  among  the  infectious 
fevers  calling  for  isolation  in  a  hospital.  As  a  rule,  port  sanitary  authori-  • 
ties  alone  make  provision  for  cholera. 

Extent  of  Provision.  —  No  exact  rule  can  be  laid  down  as  to  the 
requisite  amount  of  provision  for  any  given  population.  A  general 
estimate  has  been  made  in  England  of  one  bed  to  each  1,000  inhabi- 
tants as  sufficient  for  ordinary  requirements.  But  the  character  of 
the  population  must  largely  determine  this  question.  Upon  this 
point  Dr.  Thome  says  :  — 

In  a  locality  where  the  population  is  well-to-do,  and  most  houses  are  of 
a  size  and  construction  that  offer  reasonable  facilities  for  the  isolation  of 
single  attacks  of  the  current  infectious  fevers,  the  amount  of  hospital 
accommodation  needed  for  public  health  purposes  will  be  less  than  in  a 
manufacturing  district,  where  disease  cannot  be  treated  in  the  houses  in 
which  it  breaks  out  without  very  great  if  not  certain  risk  of  spread. 

With  this  point  in  view,  it  is  quite  plain  that  the  amount  of  hos- 
pital provision  per  1,000  inhabitants  in  a  residential  community  like 
those  of  Brooklinc  or  Newton  would  necessarily  be  less  than  it  would 
be  in  manufacturing  cities  like  Lowell,  Lawreuce,  Fall  River  and 
Worcester. 

Character  of  Accommodation  Required.  —  Dr.  Thome  has  so  dis- 
tinctly presented  the  essential  conditions  relative  to  the  necessary 
accommodations  of  an  infectious  disease  hospital  in  his  recent  paper 
at  the  International  Congress  of  Hygiene,  that  I  take  the  liberty  to 
quote  them  as  applicable  in  most  particulars  to  our  own  cities  :  — 

Premising  that  all  the  conditions  that  are  deemed  essential  in  the  pro- 
vision of  a  healthy  dwelling-house  are  to  be  regarded  as  equally  desirable 
in  the  case  of  an  infectious  hospital,  I  would  only  here  refer  to  such  other 
points  as  involve  considerations  peculiar  to  such  hospitals. 
(a)    As  regards  site. — It  \a,  c&  sv  \*v\\^^  \KA*m^\Afe  \a  select  any  site 
wAfcli  is  less  than  some  two  actea  v&  «\raaX.\  MA^^Xta^Tfe^jn&^feo&k 
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be  bad  to  the  need  for  extension  of  hospital  buildings,  whether  for  tem- 
porary purposes  or  owing  to  increase  of  population.  Where  practicable, 
only  single-story  hospital  pavilions  should  be  contemplated  ;  and  having  re- 
gard to  their  distribution  on  the  site,  and  to  the  outdoor  exercise  of  con- 
valescents, twenty  patients  to  the  acre  will  generally  be  found  to  be  the 
limit  of  aggregation  of  sick  on  area. 

(6)  As  regards  buildings. — The  administrative  building  should  be  dis- 
tinct from  all  others.  Nurses,  when  off  duty,  will  live  and  sleep  in  it ; 
tradesmen  will  call  there  for  orders  and  with  supplies,  and  relatives  will 
there  make  inquiries  as  to  the  progress  of  the  sick.  This  building  should 
always  be  so  placed  as  to  control  all  access  from  without  to  the  ward 
pavilions  and  other  hospital  buildings.  The  laundry,  ambulance  shed,  dis- 
infecting apparatus  and  mortuary  should  also  be  in  one  or  more  buildings 
separate  from  the  administrative  building  and  the  ward  pavilions. 

No  sanitary  district  can  be  regarded  as  properly  provided  for  unless  it 
has  immediately  available  sufficient  accommodation  for  the  isolation  of  two 
different  infectious  diseases  in  both  sexes,  and  some  means  for  the  special 
isolation  of  one  or  two  patients  needing  separate  accommodation,  as,  for 
example,  cases  in  which  the  nature  of  the  disease  is  at  first  doubtful. 
These  requirements  are  usually  met  by  the  provision  of  two  pairs  of  wards 
or  rooms  having  no  aerial  communication  with  each  other,  together  with 
one  or  two  special  isolation  rooms.  In  sparsely  populated  districts  these 
requirements  may  be  combined  in  one  pavilion,  the  separate  apartments  of 
which  open  separately  upon  verandahs.  Such  a  building  is  commonly 
styled  an  isolated  pavilion. 

Each  ward  pavilion  should  admit  of  cross  ventilation  by  means  of  windows 
in  the  two  opposite  side  walls ;  the  closets  and  ward  sinks,  having  them- 
selves independent  means  of  cross  ventilation,  should  be  entered  from  the 
wards  by  means  of  a  cross- ventilated  lobby ;  all  angles,  vertical  and  hori- 
zontal, should  be  rounded,  to  prevent  deposit  of  dust,  etc.,  and  a  nurse's 
duty  room  should  be  provided.  Assuming  that  each  ward  will  contain  the 
ordinary  proportion  of  acute  and  convalescent  patients,  and  that  it  *is 
adequately  ventilated  and  warmed,  a  minimum  of  2,000  cubic  feet  of  air 
per  head  is  generally  found  to  suffice  in  order  to  maintain  reasonable 
purity  of  air ;  but  much  depends  on  the  allotment  of  this  amount  of  air  to 
the  individual  patient.  No  excess  in  the  amount  of  total  air  provided  — 
as,  for  example,  in  the  case  of  lofty  wards  —  can  compensate  for  crowding 
patients  on  the  floor  level ;  and  hence  the  beds  should  be  so  arranged  as  to 
ensure  for  each  patient  a  floor-space  of  some  156  square  feet.  And  since 
it  is  in  the  neighborhood  of  the  patient's  mouth  and  nostrils  that  it  is  above 
all  important  to  maintain  the  purity  of  ward  air,  it  is  of  all  things  neces- 
sary to  allot  to  each  bed  a  separate  amount  of  wall  space,  not  less  than 
some  twelve  feet  in  length. 

(c)    As  to  allotment  of  bed-space.  —  The  be&V,  ^o^sXKovi  lot  'Ofcfc.  \^&a  ^ 
that  one  bed  should  occupy  each  one  YraW-apwee  >a*\ww&  *.  ^^  ^  ^^ 
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dows,  the  head  of  the  bed  to  be  at  least  one  foot  away  from  the  wall,  so  as 
to  facilitate  movement  of  air  about  the  patient's  head. 

Medical  advice  is  often  sought  as  to  the  number  of  beds  that  should  be 
placed  in  any  one  ward  of  an  infectious  hospital.  In  suggesting  an  answer 
to  this  question  I  cannot  avoid  the  conclusion  that  the  practice  of  treating 
sick  persons  under  circumstances  which  admit  of  the  air  by  which  they  are 
surrounded  being  charged  more  or  less  by  the  emanations  of  other  sick  per- 
sons is  wrong  in  principle,  and  that  from  this  point  of  view  any  aggrega- 
tion of  the  sick  in  wards  is  undesirable.  But  other  considerations  must, 
in  the  case  of  a  large  proportion  of  the  population,  be  regarded  as  out- 
weighing this  one  ;  and  all  that  can  be  properly  contended  for  is  that  the 
limit  of  such  aggregation  shall  be  decided  by  considerations  such  as  are 
involved  in  securing  freedom  from  any  recognizable  risk,  together  with 
such  efliciency  in  general  administration  and  nursing  as  is  consistent  with 
a  reasonable  regard  for  economy. 

The  several  infectious  fevers  doubtless  differ  in  regard  to  the  amount  of 
nursing  which  the  sick  require  ;  but  taking  them  as  a  group,  and  assuming 
that  the  ordinary  proportion  of  acute  and  convalescing  cases  at  varying 
ages  are  brought  together,  it  may  be  held  that  any  one  nurse  can  rarely  be 
expected  to  take  charge  of  more  than  twelve  patients.  The  moment  this 
number  is  exceeded  the  nursing  staff  has  to  be  doubled,  and  directly  a 
second  nurse  is  required  it  would  be  better  in  the  interests  of  the  sick  that 
those  whom  she  nurses  should  be  in  a  separate  ward.  Holding  this  in 
view,  I  believe  it  will  generally  be  found  desirable  that  infectious  hospitals 
should  be  built  in  pavilions  so  contrived  that  in  each  there  shall  be  two 
wards,  one  for  males  and  the  other  for  females,  containing  together  not 
more  than  twelve  beds,  the  two  six-bedded  wards  to  be  separated  by 
nurses'  duty-room  and  an  entrance  lobby. 

The  diseases  for  which  persons  may  properly  be  treated  in  infec- 
tions disease  hospitals  are  mainly  those  which  are  specially  conta- 
gious in  their  nature,  and  are  liable  to  spread  from  the  sick  to  the 
well  in  consequence  of  proximity  to  each  other  in  the  small  and  ill- 
ventilated  tenements  of  large  cities.  It  frequently  happens  also  that 
travellers  stopping  at  hotels  or  hoarding-houses  are  attacked  with 
some  infectious  disease,  and  the  business  of  the  establishment  is 
seriously  hindered  and  sometimes  stopped  altogether  for  a  time  by 
the  presence  even  of  a  single  case  of  such  disease.  I  have  had  occa- 
sion several  times  in  the  past  ten  years  to  investigate  instances  in 
which  these  circumstances  were  prominent.  Under  ordinary  rules 
such  cases  cannot  he  admitted  to  the  general  hospital,  hut  may  very 
propcv]y  be  taken  to  an  isolation  hospital  for  treatment. 
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The  diseases  which  should  be  treated  in  infectious  disease  hospi- 
tals are  scarlet  fever,  diphtheria,  small-pox,  measles,  typhus  fever, 
cholera,  typhoid  fever,  and  to  these  it  would  be  proper  to  add  in  the 
Southern  States  yellow  fever,  a  disease  from  which  the  New  Eng- 
land States  are  generally  exempt. 

Practically,  the  first  five  diseases  mentioned  in  the  foregoing  list 
are  those  for  which  provision  is  usually  made  in  isolation  hospitals. 
In  referring  to  English  practice  upon  this  point  Dr.  Thorne  says  :  — 

Next  to  small-pox,  scarlet  fever  is  the  disease  for  the  isolation  of  which 
most  efforts  have  been  made  by  sanitary  authorities.  The  various  forms 
of  continued  fever,  and  notably  cases  of  enteric  fever,  have  also  in  many 
districts  been  somewhat  extensively  isolated.  Diphtheria  and  erysipelas 
have  occasionally  been  dealt  with  in  isolation  hospitals,  and  at  times  efforts 
have  been  made  to  stay  the  spread  of  measles  in  the  same  way.  There  are, 
however,  conditions  which  render  attempts  to  deal  with  measles  by  means 
of  isolation  specially  difficult.  The  stage  at  which  the  disease  becomes 
infectious  often  precedes  that  in  which  it  is  recognized  ;  the  subjects  of  its 
attack  are  as  a  rule  of  exceptionally  tender  years,  and  a  large  proportion 
of  cases  never  come  under  medical  treatment  at  all.  Notwithstanding  its 
fatality,  therefore,  it  can  hardly  be  expected  that  hospital  provision  by  san- 
itary authorities  will  be  deemed  as  pressing  in  the  case  of  measles  as  in 
some  other  infectious  diseases. 

Scarlet  fever  is  the  disease  for  which  isolation  is  most  constantly  and 
most  urgently  needed.  The  mortality  it  occasions  exceeds  that  of  any 
other  communicable  fever  prevalent  in  this  country.  It  is  highly  infec- 
tious, and  there  are  no  effectual  means  apart  from  isolation  by  which  its 
spread  can  be  stayed.  Small-pox,  the  one  disease  which,  if  vaccination 
were  properly  carried  out,  should  least  call  for  hospital  provision,  may  per- 
haps be  deemed  to  stand  next  in  order  as  regards  the  measures  for  isolation. 
In  some  towns  typhus  has  prior  claims  to  small-pox  in  this  respect,  and  in 
all  districts  some  provision  should  be  made  for  the  other  continued  fevers. 

The  foregoing  extract  from  Dr.  Thome's  report  applies  with  equal 
force  to  the  case  of  our  own  cities  and  towns  at  the  present  time, 
with  this  exception,  that  we  should  give  much  greater  prominence 
to  diphtheria  as  a  disease  requiring  hospital  isolation.  The  very 
slight  importance  apparently  attached  to  diphtheria  in  the  English 
report  of  1880  is  undoubtedly  accounted  for  by  the  fact  that  the 
contagious  character  of  the  disease  was  not  then  so  thoroughly  estab- 
lished as  it  is  at  the  present  time,  a  dozen  years  later.  A  peculiar 
characteristic  of  diphtheria  appears  to  be  the  permanence  of  its 
infection,  and  the  liability  to  retain  its  v\i&V\Vy  V&\\aia»fe&  w^  «\«k\i- 
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ments  for  a  considerable  period  of  time.  Hence  the  propriety  of 
speedy  removal  of  infected  persons  to  a  special  hospital  constructed 
with  reference  to  efficient  methods  of  disinfection,  which  are  ill- 
adapted  for  use  in  old,  crowded  and  ill-ventilated  tenements,  which, 
with  walls  and  floors  and  ceilings  having  many  cracks,  crevices  and 
crannies,  give  abundant  opportunity  to  harbor  the  specific  infectious 
material  of  diphtheria. 

While  the  mode  of  transmission  of  the  infection  of  typhoid  fever 
differs  essentially  from  that  of  some  of  the  other  infectious  diseases 
already  named,  it  is  undoubtedly  true  that  many  cases  occur  by 
means  of  personal  infection  from  one  person  to  another,  and  while 
the  alimentary  tract  is  the  part  through  which  the  specific  poison  is 
received,  and  often  by  means  of  the  public  or  private  water  supply, 
the  fact  should  not  be  overlooked  that  there  may  be  other  modes  ot 
transmission  than  through  the  medium  of  the  water  supply.  While 
writing  this  paper  I  had  occasion  to  investigate  a  local  epidemic  in 
a  small  town,  having  circumstances  which  may  briefly  be  stated  as 
follows :  In  January  last,  a  man  was  attendant  as  a  nurse  and 
watcher  upon  a  typhoid  fever  patient  living  about  two  miles  distant 
from  his  own  house.  After  the  recovery  of  the  patient  he  went 
home  and  was  taken  ill  with  typhoid  fever  himself,  and  after  him, 
successively,  three  of  his  children,  a  grandchild,  and  finally  his  wife, 
the  disease  having  in  his  household  a  continuous  history  of  six 
months'  duration.  Careful  examination  was  made  of  the  surround- 
ings of  the  house,  the  water  supply,  the  disposal  of  refuse,  etc.,  and 
it  did  not  appear  that  the  local  conditions  were  at  fault,  but  the 
probability  lay  in  the  direction  of  personal  infection  from  the  first 
case  to  the  second,  and  so  on  through  the  family.  Doubtless  food 
and  possibly  milk  may  have  been  a  means  of  transmission  of  infec- 
tion ;  but  if  the  first  case  could  have  been  taken  to  a  hospital  and 
isolated  during  his  illness  and  convalescence,  it  is  probable  that  all 
the  remaining  members  of  the  family  would  have  escaped  the 
disease. 

This  is  only  a  single  example  of  multitudes  of  such  cases,  which 
are  constantly  recurring  and  in  which  a  system  of  well  planned 
isolating  hospitals  would  necessarily  diminish  very  greatly  the  num- 
ber of  cases  of  illness  as  well  as  the  mortality.  The  practical 
result  of  such  a  plan  when  properly  administered,  is  to  limit  out- 
breaks of  infectious  disease  to  the  first  cases  and  thus  to  prevent  the 
occurrence  of  epidemics. 
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Farther  points  relative  to  construction.  —  Brick,  stone  or  iron 
are  undoubtedly  better  than  wood,  and  this  statement  applies  more 
decidedly  to  infectious  disease  hospitals  than  to  those  which  are  to 
be  used  for  general  purposes.  Especially  is  this  true  of  the  interior 
finish  of  wards  and  other  apartments  used  by  the  sick.  It  is  advis- 
able to  finish  the  walls  and  ceilings  with  a  hard  or  impermeable  sur- 
face, which  has  no  cracks  or  inaccessible  ledges  which  may  retain 
infection,  and  a  floor  of  best  asphalt  or  of  some  similar  impermeable 
material,  although  possessing  slight  disadvantages,  is  so  much 
superior  to  wood  for  the  purpose  of  cleaning,  as  to  be  well  worthy 
of  adoption  for  such  uses  in  wards  which  are  to  be  devoted  to  the 
most  infectious  diseases. 

In  adapting  dwelling  houses  in  small  districts  to  the  uses  of  infec- 
tious disease  hospitals  special  care  should  be  taken  to  select  houses  in 
isolated  positions.  Such  buildings  should  not  be  used  for  this  pur- 
pose in  large  cities. 

Such  hospitals  should  be  erected  in  a  careful  and  considerate 
manner,  with  due  regard  to  growth  of  population,  and  upon  a  well 
defined  plan.     Dr.  Thome's  inquiry  showed  that  — 

The  suitability  of  the  hospital  buildings  in  various  parts  of  the  country 
was  to  a  very  great  extent  dependent  upon  the  circumstances  under  which 
they  were  erected.  If  a  hospital  is  hurriedly  built  under  the  influence  of 
panic,  it  is  often  not  ready  for  occupation  until  the  immediate  cause  of  its 
erection  has  passed  by  ;  it  provides  accommodation  of  a  very  indifferent 
sort ;  it  fails,  almost  without  exception,  to  meet  the  permanent  require- 
ments of  the  district  even  when  in  amount  it  turns  out  to  be  more  than  the 
district  needs  ;  and  thus  the  object  of  the  hospital  as  a  part  of  the  sanitary 
defences  of  the  district  is  often  attained  in  a  very  imperfect  manner  and  at 
a  needlessly  large  cost. 

Possibility  of  spreading  infection.  — It  has  sometimes  been  urged 
that  such  hospitals  might  become  centres  of  infection  from  which 
diseases  would  spread  to  the  neighboring  districts.  Careful  investi- 
gation upon  this  point,  however,  among  the  numerous  hospitals  of 
this  sort  in  Great  Britain  showed  that  no  danger  need  be  feared 
from  this  source  except  in  the  case  of  small-pox.  A  thorough  inves- 
tigation made  by  Dr.  Power,  in  1882,  and  reported  to  the  Local 
Government  Board,  showed  that  in  the  neighborhood  of  the  Fulham 
small-pox  hospital  in  London,  small-pox  had  increased  almost  in  a 
direct  ratio  to  the  nearness  of  the  population  to  thfc  Yttfe\£\V&.    *\^a% 
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increase  was  also  independent  of  lines  of  human  intercourse.  In 
point  of  time  there  was  also  a  very  marked  relation  between  the 
varying  use  of  the  hospital  and  the  manifestations  of  excessive  small- 
pox in  the  neighborhood. 

Hence  much  greater  care  is  necessary  in  selecting  an  isolated  site 
in  the  case  of  hospitals  intended  for  the  reception  of  small-pox 
patients  than  is  necessary  in  the  case  of  those  which  are  to  be  used 
for  other  infectious  diseases. 

*  The  following  condensed  table  and  general  conclusions  are  taken 
from  Dr.  Power's  report :  — 

Admissions  of  Acute  Small-pox  to  Fulham  Hospital,  and  Incidence  of  Small-pox 
upon  Houses  in  Several  Divisions  of  the  Special  Area  during  Five  Epidemic 
Periods. 


Cases  of 
Acutk  Small- 
pox ADMITTED. 


In  Epidemic  Periods 

Since  Opening  of 

Hospital. 


827, 
714, 
679, 
292, 
515, 


Mar  ,  1877-end  ofl877, 
Jan.,  1878-Sept.,  1878, 
.  8ept.,1878-Oct.,  1879, 
Oct.,  1879-Dec,  1880, 
Dec,  1880-Apr.,  1881, 


'     INCIDENCE 

ok  evert  Hundred  Houses  wtthik  the  Special 
Abea  and  its  Divisions. 

On  Total 

Special 

Area. 

On  Small 

Circle  0->4' 

Mile. 

On  First 

BlnK>4'-K 

Mile. 

On  Second 

Kin*  «-*« 

Mile. 

On  Third 

Ring  *4'-l 

Mils. 

1.10 

3.47 

1.37 

1.27 

.86 

1.80 

4.62 

2.55 

1.84 

.67 

!        1.68 

4.40 

2.6* 

1.49 

.64 

.58 

1.85 

1.06 

.30 

.28 

j        1.21 

8.00 

1.54 

1.25 

.61 

2,627, 


Five  periods, 


i , 


6.37 


17.35 


6.16 


2.57 


Conclusions  Relative  to  the  Spread  of  Small-Pox  in  the  Neighbor- 
hood of  Hospitals. 

1.  There  has  been  in  each  epidemic  period  an  excessive  incidence  of 
small-pox  in  houses  in  the  neighborhood  of  the  hospital  as  compared  with 
more  distant  houses  in  Chelsea,  Fulham  and  Kensington. 

2.  The  percentage  of  houses  invaded  in  the  neighborhood  of  the  hos- 
pital has  become  gradually  smaller  as  the  distance  of  the  houses  from  the 
hospital  has  increased. 

This  gradation  has  been  very  exact  and  very  constant. 

3.  Houses  upon  the  chief  lines  of  human  intercourse  with  the  hospital 
have  not  suffered  more  than  houses  lying  in  other  directions  from  the  hos- 
pital. 

4.  In  point  of  time,  there  has  been  a  very  marked  relation  between  the 
varying  use  of  the  hospital  and  the  manifestations  of  excessive  small* pox 
in  the  neighborhood. 
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This  relation  has  not  shown  itself  while  the  use  of  the  hospital  has  been 
for  convalescents  only. 

5.  The  appearance  of  excessive  small-pox  in  houses  around  the  hospital 
has  never  been  delayed  until  the  hospital  has  become  full,  or  nearly  full. 
It  has  been  always  most  remarkable  at  the  time  when  admissions  to  the 
hospital  were  beginning  to  increase  rapidly. 

In  the  succeeding  months  of  active  operations,  though  the  use  of  the 
hospital  may  have  gone  on  increasing,  the  excess  of  small-pox  upon  the 
neighborhood  has  habitually  become  less  marked. 

6.  On  comparison  of  different  epidemics  an  almost  constant  ratio  is 
observed  between  the  amount  of  the  hospital  operations  and  the  degree  of 
excess  of  small-pox  in  the  neighborhood. 

7.  The  machinery  of  the  hospital  administration,  with  inclusion  of 
defects  in  that  machinery,  does  not  account  for  the  peculiarity  of  small- 
pox incidence  within  the  three  parishes  of  Chelsea,  Fulham  and  Kensing- 
ton since  the  establishment  of  the  hospital. 

8.  There  must  have  been  some  condition  or  conditions  operating  to 
produce  the  observed  distribution  of  small-pox  around  the  hospital  that 
have  pertained  to  the  hospital  as  such,  and  that  have  been  in  excess  of  the 
condition  of  small-pox  extension  as  usually  recognized. 

9.  During  the  present  epidemic  period,  and  most  probably  during  for- 
mer similar  periods,  there  has  arisen  in  the  atmospheric  circumstances  of 
the  time,  peculiar  facility  for  the  dissemination  in  an  undamaged  state  of 
any  matter  that  may  have  been  given  off  from  the  hospital. 

Disinfecting  Apparatus.  —  An  isolating  hospital  can  hardly  be  said 
to  be  complete  in  all  its  appliances  without  a  well-equipped  disinfect- 
ing apparatus.  This  may  be  used,  not  only  for  the  purpose  of  disin- 
fecting the  infected  material  which  must  necessarily  be  found  in  every 
such  hospital,  but  will  also  prove  a  powerful  ally  to  the  local  board 
of  health  for  the  disinfection  of  the  infected  articles  which  are  to  be 
found  wherever  scarlet  fever,  diphtheria,  typhoid  fever  and  other  in- 
fectious diseases  exist.  Such  articles  include  clothing,  bed  linen, 
mattresses,  and  all  the  textile  fabrics  which  are  capable  of  disinfection 
and  are  too  valuable  to  be  destroyed.  Such  disinfecting  stations  exist 
in  Berlin  and  in  Paris  as  separate  establishments,  and  are  conducted 
in  the  most  thorough  manner,  and  in  accordance  with  the  most  ap- 
proved methods.  There  is  no  reason,  however,  why  they  may  not 
be  employed  as  adjuncts  to  isolating  hospitals,  where  such  hospitals 
exist.  The  Board  of  Health  of  Boston  has  during  the  past  year 
established  such  a  station  at  its  new  infectious  hospital  at  Swett 
Street. 
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Efficient  forms  of  disinfecting  apparatus  are  also  made  for  use  in 
a  portable  shape,  and  are  now  made,  both  in  this  country  and  in 
Europe,  at  considerably  less  cost  than  the  stationary  establishments. 


Let  us  for  a  moment  consider  a  practical  illustration  of  such  a 
system  as  I  have  outlined  :  A  father,  mother  and  four  small  chil- 
dren, the  latter  aged  two,  four,  six  and  nine  years,  occupy  a  tene- 
ment of  two  rooms,  including  a  kitchen  and  sleeping  room,  each 
about  twelve  feet  square  and  seven  and  a  half  or  eight  feet  high. 
The  kitchen  is  the  cooking  and  living  room  of  the  family,  and  both 
are  heated  by  the  kitchen  stove.  The  sleeping  room  is  occupied  at 
night  by  the  whole  family,  and  after  allowing  for  the  space  taken  by 
the  furniture  there  are  in  this  room  about  175  cubic  feet  of  air  space 
only  to  each  person,  which  is  doubled  by  the  open  door  into  the 
kitchen.  The  sleeping  room  has  but  one  window,  which,  in  winter, 
is  kept  constantly  closed,  and  there  is  no  special  means  for  ventila- 
tion. I  am  not  here  describing  an  unusual  case,  but,  on  the  con- 
trary, one  which  is  of  very  common  occurrence  in  any  one  of  our 
large  manufacturing  cities. 

One  of  these  little  children  is  taken  ill  with  diphtheria  in  its 
severest  form.  There  is  no  provision  in  the  city  for  such  cases,  and 
the  mother  gives  the  child  the  best  care  which  she  can  afford  under 
the  circumstances.  The  neighbors  are  afraid  to  take  the  other  chil- , 
dren  to  their  homes.  The  next  child  is  too  young  to  attend  school, 
and  the  law  excludes  the  older  children  from  school  during  the 
prevalence  of  illness  in  the  family,  thus  making  their  exposure  to 
infection  more  certain.  After  days  of  weary  watching  another  child 
falls  ill,  and  then  perhaps  the  mother  herself,  worn  with  care  and 
solicitude  for  her  little  ones,  becomes  a  victim  to  the  disease. 
Meanwhile  the  youngest  has  died,  and  is  laid  out  for  burial  in  a 
corner  of  the  kitchen,  the  living  room  of  the  family. 

Dr.  Russell,  the  health  officer  of  Glasgow,  in  commenting  upon 
such  cases,  which,  in  a  crowded  city  like  Glasgow,  were  once  of 
very  frequent  occurrence,  says,  when  contrasting  the  condition  of 
the  rich  and  of  the  poor :  — 

Last  of  all,  when  you  die,  you  still  have  one  room  to  yourself,  where  in 
decency  you  may  be  washed  and  dressed  and  laid  out  for  burial.  If  that 
one  room  were  your  house,  what  a  ghastly  intrusion  you  would  be.     The 
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bed  on  which  you  lie  is  wanted  for  the  accommodation  of  the  living.  The 
table  at  which  your  children  ought  to  sit  must  bear  your  coffin,  and  they 
must  keep  your  unwelcome  company.  Day  and  night  you  lie  there  until 
with  difficulty  those  who  carry  you  out  thread  their  tortuous  way  along  the 
dark  lobby  and  down  the  narrow  stair  through  a  crowd  of  women  and  chil- 
dren. You  are  driven  along  the  busy  and  unsympathetic  streets,  lumber- 
ing beneath  the  vehicle  which  conveys  your  scanty  company  to  the  distant 
and  cheerless  cemetery,  where  the  acrid  and  deadly  air  of  the  city  in  which 
you  lived  will  still  blow  over  you  and  prevent  even  a  blade  of  grass  from 
growing  over  your  grave. 

Dr.  Russell  has  here  graphically  described  a  death  among  the 
abodes  of  the  poor,  but  when  the  death  is  from  infectious  disease, 
the  conditions  are  still  worse,  since  the  added  danger  of  infection  to 
the  remaining  members  of  the  family  only  doubles  the  distress  of  the 
household.  Now  for  such  conditions  as  I  have  described  the  infec- 
tious disease  hospital  provides  a  most  excellent  remedy,  and  while 
it  may  not  prevent  the  occurrence  of  the  first  case  in  the  family,  it 
does  provide  for  the  taking  of  the  infected  person  to  a  suitable  place 
where  he  will  not  only  receive  far  better  care  himself,  but  will  not 
transmit  the  infection  to  his  brothers,  his  sisters  or  to  any  other 
person. 

In  the  hospital,  too,  in  place  of  overcrowded  and  ill-ventilated 
bed  chambers,  there  are  large  and  well-ventilated  wards  ;  in  place  of 
foul  air  and  darkness,  there  is  fresh  air  and  sunlight;  in  place  of 
scanty  food  and  food  that  is  ill  adapted  to  the  wants  of  the  sick  there 
is  food  selected  especially  for  the  case  in  hand,  and  more  than  all 
this,  there  is  good  nursing  and  the  best  of  care,  and  when  the 
patient  has  recovered  he  is  returned  to  his  family,  no  longer  a 
source  of  danger  and  of  infection. 

Of  the  few  establishments  of  this  character  now  in  use  in  this 
State,  one  is  at  the  State  Primary  School  at  Monson,  where  it  was 
built  about  ten  years  ago  for  the  purpose  of  receiving  any  cases  of 
infectious  disease  which  might  arise  in  the  school.  It  has  proved 
exceedingly  useful  for  the  purpose  of  isolating  such  cases  of  scarlet 
fever,  diphtheria  and  measles  as  have  occurred  in  the  school,  and 
has  undoubtedly  prevented  the  outbreak  and  continuance  of  severe 
epidemics  of  these  diseases,  which  are  very  liable  to  occur  among 
children  of  such  ages  as  are  usually  received  at  this  school.  When 
no  means  are  provided  for  isolating  sick  children  such  epidemics 
often  make  sad  havoc  among  them. 
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This  hospital  contains  four  wards  capable  of  accommodating  about 
twenty  to  thirty  patients.  It  is  entirely  separated  from  the  other 
buildings. 
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Still  more  recently  an  isolating  hospital,  very  well  planned  and 
conveniently  arranged,  has  been  built  at  Cambridge,  under  the 
supervision  of  the  trustees  of  \tafc  Ctaritat\&fp  \ta%\fttal. 
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A  general  plan  of  the  main  floor  of  this  building  is  shown  upon 
page  706.  The  arrangement  of  wards  in  this  building  is  so  planned 
as  to  admit  of  the  treatment  of  two  diseases,  and  also  of  the  two 
sexes  in  each  case,  without  any  possible  communication  between  the 
two  halves  of  the  hospital.  Fourteen  beds  can  conveniently  be 
accommodated  in  the  building.  There  are  also  two  rooms  for 
nurses  in  a  second  story  not  shown  in  the  plan,  separate  from 
each  other,  each  room  being  reached  by  a  separate  stairway. 

In  describing  the  conditions  essential  to  a  well-contrived  isolating 
hospital  for  a  large  city,  Dr.  Rowe  makes  the  following  valuable 
suggestions,  some  of  which  could  hardly  be  carried  out  to  the 
letter,  except  in  large  and  wealthy  communities :  — 

The  wards  should  be  of  moderate  size,  not  to  exceed  thirty  beds.  The 
number  of  buildings  for  each  disease  should  be  sufficient  to  allow  one 
buikliug  to,  so  to  speak,  "lie  fallow"  for  renovation  and  disinfection. 
This  reserve  is  a  large  factor  in  reducing  the  mortality  in  an  infectious  dis- 
ease hospital.  This  generous  installation  of  site,  buildings  and  appoint- 
ments is  not  always  practicable,  either  from  the  topography  of  a  city,  an 
available  site  or  the  financial  condition  of  a  municipality.  Such  estab- 
lishments, however,  do  exist.  The  Belvidere  Hospital  for  Infectious 
Diseases  in  Glasgow,  Scotland,  is  a  most  notable  example.  It  covers 
thirty-one  acres  of  land,  and  has  thirty-five  buildings  with  accommodations 
for  infection  usually  prevalent  in  a  large  city.  No  better  argument  for 
isolation  hospitals  can  be  adduced  than  a  rehearsal  of  the  experience  of  the 
health  authorities  of  Glasgow,  in  changing  the  most  unhealthy  city  of 
Great  Britain,  with  the  largest  mortality  rate,  into  a  clean,  healthful  city, 
with  a  low  death-rate. 

Acting  in  conformity  with  the  principles  which  Dr.  Rowe  has  laid 
down  in  the  paper  from  which  I  have  here  quoted,  the  trustees  of  the 
Boston  City  Hospital  have  now  made  provision  for  this  purpose  upon 
a  lot  of  land  near  the  city  hospital  in  Boston.  The  group  of  seven 
buildings  comprising  this  hospital,  now  nearly  completed,  consists 
of  two  two-story  ward  pavilions,  connected  by  covered  corridors 
with  an  administration  building.  The  other  buildings  are  a  con- 
venient lodge-house,  a  nurses'  home,  and  a  boiler-house,  laundry, 
mortuary,  etc.  The  cut  on  page  708  shows  the  first  floor  of  one  of 
the  two  ward-pavilions  now  approaching  completion.  As  at  present 
arranged,  the  wards  are  designed  for  136  patients. 

The  wards  at  the  City  Hospital,  now  occupied  for  the  reception  of 
patients  ill  with  diphtheria  and  scarlet-fever,  ^«x«  Yc&e&ita&Attt  vs^fcej 
forty-two  patients,  but  the  urgent  demand*  mwife  \jl\>otl  ^Soa  Vws^pw 
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for  receiving  this  class  of  cases  has  required  them  to  be  occupied  by 
sixty  patients  much  of  the  time. 

"  These  difficulties,"  say  the  trustees  in  their  report  of  the  year 
1892,  "  will  soon  be  remedied  by  the  completion  of  the  Chester  Park 
Hospital.  For  the  purpose  of  carrying  out  this  work  $271,000  were 
placed  at  the  disposal  of  the  trustees  for  the  construction  of  new  build- 
ings, $24,000  were  set  apart  for  the  construction  of  a  new  ambulance 
stable,  and  contracts  were  made  for  the  buildings,  to  cost  $203,000." 

In  referring  to  this  department  of  the  work  of  the  city  hospital 
for  the  year  1892,  Dr.  Rowe  says  :  — 

The  contagious  service  has  been  extremely  active,  a  larger  number  of 
patients  having  been  admitted  than  during  any  previous  year.  The  total 
number  of  patients  admitted  with  scarlet  fever,  diphtheria  and  other  com- 
plications was  788.  .  .  . 

The  diphtheria  ward  has  seldom  been  crowded,  although  during  several 
months  it  has  been  full.  The  character  of  the  cases  was  severe,  the 
marked  characteristic  being  that  a  very  large  number  were  brought  to  the 
hospital  in  the  last  extremity.  It  follows  that  the  mortality  has  been  large. 
The  scarlet  fever  ward  has  not  only  been  full  at  all  times,  but  during  the 
winter  months  it  has  been  crowded  beyond  a  limit  that  was  judicious.  The 
hospital  attempted  to  provide  for  all  cases  of  scarlet  fever  that  applied  for 
relief.  .  .  .  Some  applicants  have  been  rejected  because  the  wards  were 
crowded  to  an  extent  detrimental  to  those  under  treatment.  .  .  .  When 
the  new  hospital  for  contagious  diseases  is  completed  it  is  expected  its 
capacity  will  meet  not  only  the  present  demands  but  also  provide  for  any 
epidemics  such  as  have  hitherto  existed  in  Boston,  and  also  keep  pace  with 
the  growth  of  the  population. 

The  increasing  favor  with  which  hospital  treatment  for  infectious 
diseases  is  regarded  by  the  public  is  shown  by  the  fact  that  in  Lon- 
don the  numbers  admitted  to  the  hospitals  of  the  Metropolitan 
Asylum's  Board  increased  from  2,197  in  1886  to  8,334  in  1890. 
One-third  of  all  the  infectious  cases  legally  admissable  were  treated 
in  those  hospitals  in  1890.  In  Brighton,  England,  in  1891,  70  per 
cent,  of  scarlet  fever  cases  were  so  isolated. 

"  The  whole  drift  of  hospital  provision  is  toward  the  prevention 
of  epidemics  by  the  isolation  of  first  cases  of  infectious  disease,  the 
improvement  of  the  treatment  of  the  cases  admitted  upon  that  ob- 
tained at  home  being  but  part  of  the  main  object,  but  tending 
materially  to  diminish  the  mortality." 

A  very  good  illustration  of  a  small  and  well-dfc%\^g&fc&  \%Ov^<s*l 
hospital  for  a  residential  town  of  20,000  \^\\^\\^xA»>  «  tot  ^x&wsfe- 
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facturing  town  of  a  smaller  population,  may  be  found  in  the  hospital 
at  Ealing,  England,  which  is  represented  in  the  accompanying  illus- 
trations. The  grounds  cover  about  two  acres  in  a  convenient  loca- 
tion upon  the  outskirts  of  the  village.  The  plan  includes  a  hospital 
for  about  twelve  or  sixteen  beds,  with  wards  for  two  diseases,  and 
opportunity  to  separate  the  sexes. 

An  administration  house,  porters'  lodge,  laundry,  mortuary,  ambu- 
lance shed  and  disinfecting  apparatus  are  also  provided.  The 
grounds  are  surrounded  by  a  brick  wall  about  six  feet  in  height. 
Space  is  also  shown  where  tents  may  be  erected  upon  a  concrete 
floor  in  case  of  an  unusual  epidemic.  The  same  space  may  also  be 
used  for  future  hospital  extensions. 

The  cost  of  this  establishment  was  about  $30,000,  including  cost 
of  land. 

In  the  construction  of  buildings  of  this  character  the  same  general 
rules  should  be  adopted  as  are  applicable  to  hospitals  in  general. 
The  trustees  or  committees  appointed  to  take  charge  of  construction 
should  make  themselves  acquainted  with  everything  requisite  to 
secure  the  best  buildings  for  hospital  purposes  which  modern  science 
and  trained  experience  can  produce.  In  illustration  of  the  neglect 
of  this  precautionary  measure  Mr.  H.  C.  Burdett,  author  of  "Hos- 
pitals and  Asylums  of  the  World,"  cites  the  following  instance  :  — 

This  very  autumn  we  had  to  inspect  a  new  hospital,  costing  many  thou- 
sands of  pounds,  where  the  committee  and  medical  staff  had  taken  infinite 
pains  to  secure  a  type  of  buildings  which  should  be  so  good  as  to  make 
their  institution  an  example  for  others  to  follow.  We  found,  however, 
that  the  buildings  actually  erected  were  a  failure,  and,  what  is  more,  a 
failure  of  the  worst  kind  ;  that  is  to  say,  the  faults  were  such  as  to  astonish 
any  one  who  had  taken  the  trouble  to  make  himself  practically  acquainted 
with  modern  progress  in  hospital  construction.  These  faults  were  not  due 
to  the  character  of  the  site,  or  to  any  special  circumstance,  but  arose  en- 
tirely from  ignorance,  and  what  we  venture  to  think  is  worse  than  ignorance, 
namely,  an  attempt  on  the  part  of  the  architect  to  adopt  what  he  believed* 
no  doubt,  to  be  modern  improvements  without  making  himself  acquainted 
with  the  purposes  those  improvements  were  intended  to  effect. 

One  of  the  first  hospitals  of  this  class  was  the  London  Fever  Hos- 
pital, established  about  1802,  at  Gray's  Inn  Koad,  and  then  known 
as  a  "  house  of  recovery,"  where  patients  convalescing  from  infec- 
tious diseases  could  be  taken  while  their  homes  were  being  cleansed 
>r  disinfected.     It  was  afterY*&v&  xemovevi  \x>  V*X.\«<c  ogrotascfe^tascA 
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it  served  the  purpose  of  isolating  the  infected  sick,  and  thus  protect- 
ing the  healthy  part  of  the  population.  (See  plan  of  present  London 
Fever  Hospital,  page  713.)  The  rows  of  dwellings  upon  each  side 
of  this  hospital  show  its  close  relation  to  the  neighboring  population. 

Since  the  scope  of  this  paper  will  not  admit  of  the  details  of  hos- 
pital construction  the  reader  may  be  referred  with  advantage  to  the 
excellent  work  of  Mr.  H.  C.  Burdett  recently  published,  entitled 
"  Hospitals  and  Asylums  of  the  World." 

In  the  fourth  volume  of  this  work  are  given  brief  descriptions  of 
the  following  hospitals  devoted  to  the  care  of  persons  suffering  with 
infectious  diseases :  — 


♦London  Fever  Hospital. 


|     Small-pox  Hospital,  Highgate  (Lon.). 


Hospitals  of  the  Metropolitan  Asylum's  Board. 


•Eastern  (Homerton). 

South  Western  (Stockwell). 
•Northern  (Winchmore  Hill). 

Northwestern  (Hampstead). 
•South  Eastern  (New  Cross). 


Western  (Fulham). 
North  Eastern  (Tottenham). 
Hospital  Ships  (Long  Reach). 
♦Ambulance  Stations. 


Provincial  Infectious  Hospitals. 


Belvidere  Hospital  (Glasgow). 
♦Bradford  Fever  Hospital. 

Bolton  Borough  Hospital. 
•City  Hospital  for  Infectious  Diseases 
(Newcastle-upon-Tyne). 

Delancey  Hospital  (Cheltenham). 

Gateshead  Hospital. 
•Heathcote  Hospital  (Leamington). 

Hull  Corporation  Sanatorium. 

Infectious    Hospital    for    the    Joint 
Counties  (Carmarthen). 

Isolation  Hospital  (Huddersfield). 

Isolation  Hospital  (Oldham). 

Isolation  Hospital  (Hornsey). 

Kendray  Fever  Hospital  (Barnsley). 

Lady  well  Sanatorium  (Salford). 

Leeds  House  of  Recovery. 

Monsall  Hospital  at  Manchester. 


Nethertield  Institution  for  Infectious 

Diseases  (Liverpool). 
♦New  City  Hospital  (South),  Grafton 
Street  (Liverpool). 

Nottingham  Borough  Epidemic  Hos- 
pital. 

Port    Sanitary    Authority's    Hospital 

(London). 
♦River  Tyne  Port  Sanitary  Authority's 
Hospital. 

Sanitary  Hospital  at  Bournemouth. 

Sheffield  Borough  Hospital  fqr  Infec- 
tious Diseases. 

Sittingbourne  &  Milton  Joint  Infec- 
tious Hospital. 

Temporary  Small-pox  Hospital  (Liv- 
erpool) . 


Continental  Infectious  Hospitals. 
•Blegdams  Hospital  (Copenhagen). 

•Ullevold's  Hospital,  Christiania  Communal  Epidemic  Hospital  (Sweden). 
Oresunds  Hospital. 

School  Sanatoria. 
Rugby  School  Sanatorium. 

King  Edward  VI.'s  School,  ^ew  Sanatorium  ($\vstVk>yu^ Dorset). 
BlandclVs  School,  New  Sanatorium  (T\\'*TtowA^^V 
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Probationary  Wards. 

Id  all  infectious  disease  hospitals  of  considerable  size  it  is  desirable 
to  establish  probationary  wards  for  the  observation  of  doubtful  cases. 
It  is  often  very  difficult  to  make  a  correct  diagnosis  at  the  outset  of 
a  case  of  infectious  disease.  Meanwhile  great  danger  is  incurred  by 
th^e  family  or  the  household  with  whom  the  patient  may  be  residing. 
It  therefore  is  a  matter  of  considerable  importance  to  provide  a 
place  where  the  patient  may  be  kept  under  such  surveillance  as  will 
avoid  danger  to  others,  if  the  case  proves  to  be  infectious,  and  at 
the  same  time  may  avoid  the  infection  of  the  patient  if  it  so  happens 
that  his  illness  proves  to  be  either  non-infectious  or  a  less  danger- 
ous disease. 

School  Sanatoria,  or  Isolating  Wards. 

A  useful  application  of  the  system  of  infectious  disease  hospitals 
is  found  in  its  adaptation  to  the  uses  of  large  institutions  of  learn- 
ing, or  establishments  of  any  sort  in  which  young  people  are  congre- 
gated, either  for  educational  or  for  other  purposes,  away  from  their 
homes. 

It  is  by  no  means  a  matter  of  uncommon  occurrence  for  an  out- 
break of  infectious  diseases  to  take  place  among  the  inmates  of 
institutions  of  this  character.  Such  outbreaks  invariably  disturb 
the  harmony  of  the  college,  school  or  other  institution,  and  seriously 
interfere  with  the  regular  exercises.  Many  instances  of  such  out- 
breaks are  not  only  on  record,  but  in  some  cases  it  has  happened 
that  the  whole  school  or  college  population  has  been  broken  up  and 
sent  to  their  homes. 

The  existence  of  a  single  building,  in  which  the  first  cases  of  in- 
fectious disease  could  be  isolated  and  cared  for  until  convalescence 
ensued,  would  in  many  instances  have  obviated  much  of  this  trouble. 

Every  large  educational  establishment  should  possess  an  isolating 
ward  or  hospital,  which  could  in  emergencies  be  used  for  this  pur- 
pose. 

While  the  infectious  diseases  of  childhood  are  not  so  fatal  nor  80 
frequent  among  persons  of  school  or  college  ages,  their  occurrence  is 
yet  sufficiently  common  among  this  class  to  require  extreme  care  for 
their  prevention,  as  the  following  figures  will  show. 

The  deaths  from  certain  infectious  diseases  among  persons  be- 
tween the  aires  of  fifteen  axul  \\\\vly  years  in  Massachusetts,  during 
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the  period  of  twenty-eight  years  ending  with  1890,  were  as  fol- 
lows :  — 

From  measles, 276 

**      scarlet  fever, .        .        . 763 

"      diphtheria, 1,430 

"      small-pox, 1,171 

To  the  foregoing  figures  should  be  added  the  deaths  from  typhoid 
fever,  a  disease  which  finds  its  victims  in  the  period  fifteen  to  thirty 
years  in  the  greatest  numbers.  The  deaths  from  this  disease  at  those 
ages  for  the  same  period  in  Massachusetts  were  11,993. 

Phthisis  claims  a  much  larger  harvest  from  this  age  period  than 
either  of  the  foregoing  diseases,  the  number  of  deaths  being  57,197 
for  the  same  time  and  ages.  In  the  case  of  phthisis,  however,  while 
its  infectious  character  must  be  recognized,  the  peculiar  nature  of  the 
disease  unfits  its  victims  for  the  continuance  of  prolonged  study,  and 
all  such  persons  should  be  advised  to  discontinue  their  connection  as 
soon  as  the  nature  of  the  disease  is  recognized. 

Dr.  Sykes  concisely  explains  the  differences  between  residential 
and  non-residential  schools  with  reference  to  the  subject  of  isolation 
as  follows :  — 

There  is  a  strong  contrast  in  the  manner  in  which  personal  infection  is 
spread  in  non- residential  and  residential  schools.  In  non-residential 
schools  children  from  various  households  meet  at  a  centre,  become  in- 
fected, and  returning,  distribute  the  infection  broadcast,  closure  being 
resorted  to  for  the  purpose  of  checking  its  spread.  In  residential  schools, 
on  the  other  hand,  the  infection  is  more  or  less  confined  to  the  limits  of  the 
school,  and  is  only  distributed  beyond  upon  the  disbandment  of  the  pupils. 
Hence,  it  is  interesting  to  note  that  opposite  results  may  follow  the  similar 
process  of  closing  a  school,  in  the  two  cases,  unless  extreme  precautions 
are  taken. 

Residential  schools,  like  other  residential  institutions,  protect  themselves 
from  admitting  infected  scholars  from  without  by  requiring  certificates  of 
freedom  from  infection,  or  from  contact  with  infection,  upon  admission ; 
and,  when  invaded,  from  the  spread  of  infection  within,  by  isolation  in 
proper  quarters.  Non-residential  schools,  where  the  attendance  is  daily, 
do  not  admit  of  the  application  of  measures  of  protection  in  this  form,  and 
are  dependent  upon  school-teachers  immediately  excluding  from  attendance 
children  suffering  from  infectious  disease,  or  being  members  of  an  infected 
family  or  household.  This  exclusion  can  only  be  enforced  by  the  teaataat 
or  manager  being  informed  by  the  parents  or  by  \,Yvfc  %atk\\Ax^  w\\W\^  A 
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the  cases  of  infectious  disease  occurring  amongst  the  scholars.  Compul- 
sory notification  is  therefore  a  valuable  protection  to  schools.  If  exclusion 
fails,  and  infection  reaches  a  school,  not  directly  but  indirectly,  by  the 
commingling  of  infected  with  healthy  children  beyond  the  precincts  of  the 
school,  it  points  to  the  absence  of  proper  seclusion  of  the  infected  children 
at  home  or  in  hospital,  and  it  is  only  when  seclusion;  as  well  as  exclusion, 
fail  to  prevent  an  epidemic  in  a  school  that  dissolution  or  closure  of  the 
school  is  justifiable.  Defects  of  internal  condition,  structure  or  site  liable 
to  lead  to  such  a  result  are  naturally  also  included  in  such  justification. 

The  memorandum*  issued  in  December,  1890,  by  tho  chief  medi- 
cal officer  of  the  Local  Government  Board  explains  in  a  very  full 
and  lucid  manner  the  measures  necessary  to  be  taken  in  this  direc- 
tion for  the  protection  of  "  public  elementary  schools  "  by  sanitary 
authorities. 

Summary. 

The  advantages  of  the  separate  hospital  for  infectious  diseases 
may  be  summed  up  briefly,  as  follows  :  — 

1.  They  allow  the  complete  isolation  of  the  sick  in  cases  where 
the  sick  cannot  be  effectively  separated  at  their  homes. 

2.  The  work  of  the  wage-earner,  the  ordinary  duties  of  the 
household  and  the  school  attendance  of  children  can  go  on  as  usual 
without  interruption. 

3.  Infection  is  thus  kept  by  itself  in  a  place  where  it  can  be 
intelligently  treated  and  destroyed.  Otherwise,  in  tenement-houses 
and  crowded  dwellings,  and  among  those  who  are  ignorant  of  its 
nature  and  its  proper  management  and  control,  it  may  spread  and 
cause  infinite  harm. 

4.  Cities  requiring  such  hospitals  should  not  wait  for  the  hurried 
impetus  derived  from  panic,  but  should  construct  carefully  and 
thoroughly,  and  with  due  regard  to  their  own  special  needs.  Such 
hospitals,  like  fire  departments,  when  completed  should  be  always 
ready  for  immediate  use.  They  should  be  accessible  and  under 
wise  and  intelligent  management. 

*  Quoted  in  fall  in  twenty-third  annual  report  of  State  Board  of  Health,  1801,  page  zri. 
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APPENDIX. 

Practice  of  Different  Countries. 

In  the  following  pages  are  grouped  some  of  the  essential  data 
relative  to  the  progress  of  different  countries  in  this  particular  direc- 
tion for  preventing  the  spread  of  infectious  diseases. 

For  a  portion  of  this  information  the  writer  is  indebted  to  Dr.  Palm- 
berg's  recent  work  entitled  "  Public  Health  in  its  Applications  in 
Different  European  Countries." 

England. 

Memoranda  of  the  Local  Government  Board  of  England. 

Regulations  as  to  Hospitals  (Memorandum  on  Hospital  Accommodation). 
—  Means  for  separating  the  sick  from  the  healthy  should  always  be  pro- 
vided. When  two  contagious  diseases  break  out  at  the  same  time,  they 
should  each  be  separately  isolated. 

In  towns,  and  for  several  villages  of  smaller  size,  there  should  be  pro- 
vided at  least  two  special  wards  with  four  beds  in  each,  in  order  that  the 
sick  may  be  isolated  from  the  commencement.  Such  a  very  small  infirmary 
would  be  very  valuable  for  arresting  the  progress  of  an  epidemic. 

Fig.  1  represents  a  very  simple  type  of  hospital,  having  one  ward  for 
each  sex,  with  the  necessary  annexa.  This  plan  accompanies  the  memo- 
randum of  the  Local  Government  Board. 

Fig.  2  represents  two  sections  of  the  same  building,  the  one  to  the  left 
having  simple  walls  and  serving  for  summer  rooms ;  the  one  to  the  right 
having  double  walls  is  a  permanent  structure.  At  the  base  of  the  external 
walls  are  openings  for  the  admission  of  fresh  air,  seep  on  the  front  of  the 
elevation  (Fig.  1).  In  the  roof  are  other  openings  for  the  escape  of  foul 
air,  but  chimneys  or  special  tubes  are  the  best  for  this  purpose. 

In  rural  districts  without  a  hospital,  a  trustworthy  married  couple  with- 
out children  may  be  charged  with  the  isolation  and  care  of  cases  of  infec- 
tious disease.  In  the  event  of  a  more  serious  epidemic,  several  lodgings 
may  be  hired  for  the  sick,  or  they  may  be  isolated 'in  temporarily  erected 
tents  or  barracks. 

Fever  hospitals  in  urban  districts  ought  to  have  one  bed  for  every  1,000 
inhabitants.  In  manufacturing  towns  with  a  very  dense  population,  this 
proportion  ought  to  be  even  greater ;  while  in  wealthy  and  less  dense  towns, 
with  houses  of  a  good  class,  one  bed  for  every  2,000  inhabitants  may  suffice. 

Permanent  fever  hospitals  are  built  on  the  system  of  separate  pavilions. 
There  must  be  at  least  four  wards  for  patients,  as  well  as  a  pavilion  for 
administration. 
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Sick  wards  can  be  arranged  in  pavilions  connected  in  pairs,  as  shown  in 
Fig.  3,  which  is  taken  from  the  memorandum  of  the  Local  Government 
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Board.     The  dotted  lines  in  this  figure  show  how,  as  the  population  in- 
creases, the  permanent  hospital  caxv  be  enlarged. 
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The  minimum  distance  between  the  pavilions  should  be  thirty  feet. 
Fig.  4  shows  another  arrangement  of  sick  wards  which  is  preferable 
when  sufficient  ground  is  available. 
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The  sick  wards  may  also  be  placed  on  different  stories  of  the  same 
pavilion. 

Two  of  them,  one  for  each  sex,  are  reserved  for  persons  suffering  from 
the  same  infectious  disease. 

All  the  wards  should  be  kept  separate,  and  independently  warmed  and 
ventilated.     To  facilitate  the  work  of  the  staff  a  corridor  connects  all  the 
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A.  Administrative  building  (kitchen,  store,  sleeping  ACCommodAtion  for 
nurses  And  servants).     B.  Laundry,  etc.    C,C.  Disinfecting  chamber 
And  mortuary.      E.  Corridor.      D  Wkrds  for  patients  v/ith  ten  beds 
in  each,  lAVfctory  And  b*th-room  («,*)  next  the  cowidor;  closets  And  sinks 
b,d)  At   other  end.se  parted  from  v/Ard  by  a  cross-VfentilAted 
corridoi*. 
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pavilions.  The  latter  should  be  so  placed  that  the  air  can  circulate  freely 
between  them.  The  space  between  the  pavilions  should  be  at  least  one  and 
a  half  times  as  great  as  the  height  of  each  pavilion ;  and  if  a  pavilion  is 
intended  for  small-pox,  the  distance  should  be  still  greater.  It  is  prefer- 
able to  place  small-pox  in  an  entirely  separate  building  as  remote  as  possi- 
ble from  all  other  buildings. 

In  wards  for  infectious  diseases  there  should  be  openings  for  admission 
of  fresh  air  between  each  bed,  a  little  above  the  floor,  so  that  pure  air 
bathes  the  patient's  bed.  They  should  be  furnished  with  a  grooved  fasten- 
ing, so  that  the  admission  of  air  can  be  graduated.  The  openings  for 
extraction  of  foul  air  should  be  near  the  ceiling,  and  as  remote  as  possible 
from  those  admitting  fresh  air.  They  should,  unless  entering  into  the 
chimney-breast,  be  carried  vertically  to  the  roof  and  be  provided  with  an 
aspirating  cowl. 

Memorandum  of  Ambulances. 

For  the  conveyance  of  patients  who  are  sick  with  infectious  disease,  spe- 
cial carriages  or  ambulances  are  necessary.  The  following  points  have  to 
be  attended  to  in  the  provision  and  use  of  such  carriages  :  — 

1.  If  the  ambulance  be  intended  only  for  journeys  of  not  more  than  t 
mile,  it  may  be  made  so  as  to  be  carried  between  two  people,  or  it  may  be 
on  wheels  and  to  be  drawn  by  hand.  If  the  distance  be  above  a  mile,  the 
ambulance  should  be  drawn  by  a  horse.  Every  ambulance  on  wheels  should 
have  easy  carriage  springs. 

2.  In  the  construction  of  an  ambulance,  special  regard  should  be  had 
to  the  fact  that  after  each  use,  it  lias  to  be  cleansed  and  disinfected.  The 
entire  interior,  and  the  bed- frame  and  bed,  should  be  of  materials  that  can 
be  washed. 

3.  The  ambulance  should  be  such  that  the  patient  can  lie  at  fall 
length  in  it;  and  the  bed-frame  and  bed  should  be  movable,  so  that 
the  patient  can  be  arranged  upon  the  bed  before  being  taken  out  of  his 
house. 

4.  With  an  ambulance  there  should  always  be  a  person  specially  in 
charge  of  the  patient ;  and  a  horse  ambulance  should  have  a  seat  for  such 
person  inside  the  carriage. 

5.  After  every  use  of  an  ambulance  for  infectious  disease,  it  should  he 
cleansed  and  disinfected  to  the  satisfaction  of  a  medical  officer. 

6.  Both  in  very  populous  districts,  and  in  districts  which  are  of  very 
wide  area,  it  may  often  happen  that  more  than  one  ambulance  will  be 
wanted  at  one  time ;  and  in  any  district,  if  more  than  one  infections 
disease  is  prevailing,  there  will  be  an  evident  sanitary  advantage  in  having 
more  than  one  ambulance  for  use. 
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Rules  for  Hospitals  for  Infectious  Diseases. 

1 .  The  medical  officer  is  the  responsible  superintendent  of  the  estab- 
lishment. It  is  his  duty  to  visit  the  hospital  even  at  times  when  there  are 
no  patients,  to  ensure  that  the  matron  and  nurse  are  at  their  post,  and  that 
everything  is  ready  for  the  reception  of  patients. 

2.  The  matron  and  head  nurse  ought  to  maintain  the  greatest  cleanli- 
ness and  to  see  that  the  beds  are  well  aired,  conveniently  arranged,  and 
always  ready  to  receive  patients.  They  ought  also  to  keep  the  inventory 
of  everything  belonging  to  the  hospital.  They  are  forbidden  to  absent 
themselves  together  without  express  authority.  They  must  carry  out  the 
orders  of  the  doctor  and  be  responsible  for  the  conduct  of  the  staff  and  the 
nurses. 

3.  The  matron  (or  steward,  if  there  is  one,  as  in  large  hospitals)  must 
be  prepared  monthly  to  present  the  books  of  accounts  to  the  sanitary 
authority. 

Instructions  for  Nurses,  Patients  and  Visitors. 

1 .  Every  applicant  for  admission  to  a  hospital  should  have  a  medical 
certificate  of  the  disease  from  which  he  is  suffering. 

2.  A  patient  can  be  attended  by  a  doctor  of  his  own  choice  other  than 
the  medical  officer  of  the  hospital  at  his  own  cost. 

3.  No  person  is  admitted  to  the  hospital  without  the  permission  of  the 
medical  officer.  • 

4.  No  patient  is  permitted  to  leave  the  hospital  until  discharged  by  the 
medical  officer. 

5.  The  patient's  clothes  must  be  disinfected  before  being  given  up  to 
him  at  his  discharge. 

6.  Officers  and  servants  of  the  hospital  are  not  allowed  to  leave  the 
hospital  without  authority  of  the  medical  officer;  and  they  must  first 
change  their  clothes. 

The  following  table  contains  some  of  the  most  essential  data  relative  to 
several  of  the  hospitals  embraced  in  Dr.  Thome's  report.  Values  are 
expressed  approximately,  in  United  States  equivalents,  instead  of  English 
money. 
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Glasgow. 

The  following  description  is  quoted  from  the  official  report  of  the  trustees 
of  the  Glasgow  Fever  Hospital :  — 

"The  grounds  possess  great  natural  beauty,  rising  gently  as  you 
approach  the  Clyde,  where  they  are  broken  by  three  small  glens,  once  the 
beds  and  sloping  banks  of  three  streams.  The  whole  estate  is  well  wooded, 
especially  along  the  avenue  and  western  boundary,  where  the  rooks  have 
recently  established  themselves  in  the  tops  of  the  old  beeches.  The  con- 
valescents are  allowed  to  wander  at  will  over  the  many  beautiful  walks,  and 
in  the  summer  it  is  one  of  the  most  pleasant  sights  to  see  the  children  roll- 
ing about  on  the  grassy  slopes  of  the  glens,  and  the  seats,  placed  here  and 
there,  occupied  by  groups  of  people  who  for  the  first  time  in  the  lives  of 
many  are  tasting  of  the  sweets  of  Nature.  At  the  rear  of  the  fever  hospi- 
tal several  acres  are  laid  out  as  a  flower  garden,  with  a  greenhouse,  from 
which  the  wards  are  supplied  with  potted  plants.  Flower  plots  are  dis- 
tributed here  and  there  between  the  pavilions  and  in  other  open  spaces. 
At  a  distance  of  some  four  miles  southward,  the  wooded  heights  of  the 
Cathkin  Hills  close  in  the  horizon." 

"  The  whole  buildings,  except  that  occupied  by  the  medical  and  nursing 
staff  and  matron,  are  built  of  brick.  The  wards  are  distributed  in  pairs, 
in  thirteen  totally  isolated  pavilions,  all  running  north  and  south.  They 
are  sixty  feet  apart  laterally,  and  are  placed  in  rows  of  two,  three,  four  and 
five,  in  succession  from  the  bank  overlooking  the  Clyde  towards  London 
Road.  They  have  thus,  to  one  standing  in  their  midst,  the  appearance  of 
a  large,  uniformly  laid-out  village.  Each  pavilion  is  only  one  story  in 
height,  with  a  well-ventilated  basement  beneath,  so  that  the  level  of  the 
ward  is  reached  by  a  flight  of  steps.  The  two  rows  of  four  pavilions  are 
separated  by  a  range  of  buildings  running  east  and  west,  the  centre  of 
which  contains  the  kitchen,  one  story  in  height,  and,  like  the  pavilions, 
open  to  the  roof.  At  either  end  there  is  another  story,  the  eastern  accom- 
modating various  stores  and  the  dispensary ;  the  western,  the  under  ser- 
vants' rooms.  At  London  Road  there  is  a  main  lodge  controlling  to  the 
west  the  entrance  to  the  small-pox  hospital,  and  to  the  east,  the  approach 
to  the  fever  hospital.  At  the  south  end  of  this  approach  is  the  fever  lodge 
and  enquiry  rooms  for  patients'  friends,  with  the  Dorcas  Society's  stores  in 
an  attic  story,  and  running  north  along  the  avenue,  the  morgue,  with  room 
for  funeral  parties,  with  entrance  from  the  road  so  that  hearses,  etc.,  do 
not  come  within  the  hospital  enclosure.  Just  inside  this  gate  is  the  washing- 
house  and  laundry,  with  the  suite  of  steam  boilers  to  the  south,  a  cremator 
for  soiled  beds,  and  the  central  coal  depot.  The  boilers  are  three  in  num- 
ber, double-flued,  and  in  size  seven  feet  six  inches  by  twenty-six  feet  four 
inches.  Further  south  are  a  smithy,  carpenters'  shop  and  fire-engine 
station.     Southwestward,  some   forty  yards,  *xe  Wife  %\a\&ft&>  vsftsotastsfe 
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shed,  etc.  Still  westward  is  a  large  three-story  stone  block,  erected  on  the 
site  of  the  old  mansion  house,  containing  eighty-four  single  bed-rooms  for 
nurses,  with  recreation  rooms  on  each  flat.  These  occupy  the  lateral  wings, 
while  the  centre  is  reserved  for  the  matron  and  medical  staff.  In  front  of 
this  building  there  is  a  spacious  lawn,  with  tennis  court,  bounded  south- 
wards towards  the  Clyde  by  a  sloping  bank  planted  with  trees." 

"  There  are  three  hundred  beds  on  the  scale  of  2,000  cubic  feet  for  adults; 
but  as  a  large  proportion  of  the  patients  are  children,  for  whom  1,200  feet 
is  sufficient,  a  much  larger  number  of  patients  can  be  accommodated.    The 
dimensions  of  every  pavilion  and  ward  are  exactly  the  same ;  but  as  the; 
were  erected  at  different  times,  sundry  little  but  important  differences 
exist.     The  two  southern  pavilions  were  built  last,  and  the  description  of 
one  will  suffice.     It  has  a  basement  eight  feet  from  ground  to  floor  level. 
The  outside  length,  from  end  to  end,  is  one  hundred  and  sixty-eight  feet; 
the  outside  breadth,  twenty-six  feet ;  the  height,  from  ground  level  to  ridge 
of  roof,  thirty- two  feet.     There  are  two  wards,  each  divided  into  a  conva- 
lescent and  acute  ward.     A  flight  of  steps  on  both  sides  gives  access  to  t 
vestibule,  from  which,  on  one  hand,  are  the  entrances  to  these  subdivisions, 
while,  on  the  opposite  side,  is  the  pantry,  opening  directly  off  the  passage, 
and  a  lobby,  to  the  left  of  which  are  the  bath-room  and  water-closet,  and 
to  the  right  a  steep-room  for  soiled  linen,  these  last  being  farthest  from  the 
wards.    All  these  appurtenances  are  therefore  completely  isolated  in  a  pro- 
jecting annex.     The  entrance  and  annex  of  each  ward  are  on  opposite  sides 
of  the  pavilion.     On  the  side  opposite  to  the  entrance  of  the  acute  ward  is 
a  nurse's  duty  room,  where  there  is  a  '  poison  press '  and  a  napery  press, 
with  chairs  and  a  table.     The  front  projects  into  the  ward  with  sloping 
roof  and  glass  sides,  giving  a  full  view  of  the  ward.     The  internal  dimen- 
sions are  as  follows :  acute  ward,  length,  56  feet  3  inches ;   convalescent 
ward,  length,  24  feet.     In  both  the  breadth  is  22  feet ;   the  height  to  the 
wall  head,  14  feet  6  inches  ;  to  the  roof  tree,  23  feet  9  inches.     The  floor- 
age  of  the  acute  ward  is  1 ,237  square  feet ;  of  the  convalescent,  528  square 
feet.     The  total  cubic  contents  of  the  acute  ward  are  23,500  cubic  feet ;  of 
the  convalescent  ward,  10,000.     The  number  of  adult  beds  is  eleven  for 
the  acute  and  four  for  the  convalescent  ward ;   but  in  the  case  of  children 
twenty  cribs  are  allowed." 

"  All  the  flooring  of  the  wards  is  of  Dantzic  oak,  waxed.  The  vestibule 
and  annex  are  laid  with  tiles.  The  walls  are  coated  with  Keene's  cement. 
Some  wards  are  oil-painted  and  varnished,  but  the  more  recent  are  treated 
with  light  blue  or  green  distemper,  which  can  frequently  be  renewed.  All 
the  woodwork  is  varnished.  Care  is  taken  to  avoid  flat  surfaces  giving 
lodgment  for  dust.  The  principal  rafters  are,  therefore,  of  light  T  iron, 
and  the  tiles  of  thin  rod  iron." 

"  The  heating  is  by  hot  water  circulating  in  pipes  which  are  led  round  the 
walls  above  the  floor.     This  is  derived  from  two  hot-water  tanks  heated 
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by  8 team,  and  placed  beneath  the  entrance  hall  of  each  ward,  to  which 
access  is  obtained  from  the  outside  by  a  stair  leading  to  the  basement. 
There  are  also  open  fires  at  either  end  of  each  ward.  Pavilions  with 
numerous  windows  and  open  to  the  roof  are  very  difficult  to  warm  suffi- 
ciently during  winter.  Experience  at  Parliamentary  Road  soon  showed 
that  it  would  be  necessary  to  check  radiation  by  the  large  glass  area,  and 
accordingly  the  device  of  double  glazing  each  pane  with  an  interval  of 
three-quarters  of  an  inch  of  air  space  was  adopted.  The  wards  at  Belvi- 
dere  are  kept  at  55°  to  60°  in  the  coldest  weather.  There  are  heating  coils 
in  the  vestibule  and  bathroom." 

44  Fresh  air  is  admitted  by  direct  openings  beneath  the  windows,  which  are 
numerous,  so  that  it  passes  over  the  heating  pipes.  These  openings  are 
controlled  by  an  arrangement  which  admits  of  gradation,  and  cannot  be 
interfered  with  except  by  the  nurse.  There  are  skylights  on  opposite  sides 
of  the  slope  of  the  roof,  Boyle's  ventilators  fixed  on  the  ridge,  and  venti- 
lating shafts  alongside  the  chimneys,  with  openings  controlled  by  movable 
louvres  and  the  apex  of  the  roof." 

44  The  principles  kept  in  view  in  furnishing  are  simplicity,  smooth  surfaces 
and  facility  of  removing  and  cleaning.  The  bedsteads  are  wrought  iron, 
the  tables  and  chairs  hardwood,  varnished.  In  the  children's  wards,  iron 
cribs  are  provided,  and  pigmy  forms  and  tables  suited  to  their  size.  All 
cupboards,  presses,  etc.,  are  movable  on  iron  rollers,  like  American  trunks. 
The  mattresses  are  stuffed  with  straw,  the  pillows  with  chaff.  They  are 
renewed  for  every  new  patient  and  whenever  soiled.  Wood  wool  was 
recently  tried  as  a  substitute  for  straw,  but  was  found  speedily  to  break 
down,  and,  on  account  of  the  consequent  expense  and  larger  quantity  and 
more  frequent  renewal,  was  not  adopted." 

44  The  nurses  are  graded  in  three  classes —  probationers,  nurses  and  head 
nurses.  After  a  year's  probation,  during  which  she  attends  lectures  on 
fever  nursing  given  by  the  assistant  physicians,  the  probationer  is  sub- 
mitted to  a  written  and  viva  voce  examination.  If  she  passes  satisfactorily, 
she  gets  a  4  Certificate  of  Proficiency  in  Fever  Nursing,'  first,  second  or 
third  class,  signed  by  the  physician  superintendent,  and  becomes  a  nurse. 
The  wage  of  a  probationer  is  £18,  and  advances  gradually  to  £30,  all 
getting  two  uniform  suits  per  annum  for  ward  use  alone.  To  work  a 
purely  pavilion  hospital  such  as  Belvidere,  all  its  parts  distributed  over  a 
large  area,  and  to  maintain  the  large  extent  of  flower  garden  and  pleasure 
ground  attached,  requires  a  large  staff.  The  distribution  of  coals  is  done 
by  an  open  lorry,  on  which  all  the  coal-boxes  are  placed  and  driven  round 
the  wards.  The  food  is  distributed  by  a  covered  van,  divided  into  com- 
partments, each  of  which  holds  the  allowance  for  a  ward.  The  ashes  are 
collected  daily  from  portable  circular-covered  ashbins  countersunk  in  the 
ground  adjacent  to  each  ward,  an  arrangement  which  combines  conN*ftMs&KA 
and  perfect  sightliness  and  inoffensiveness,    T\ie^Yio\fe\xvfc\I\\x&\^^ 
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the  care  of  a  physician  superintendent,  who  is  assisted  in  the  general  busi- 
ness of  the  hospital  by  a  house  steward,  and  in  the  medical  charge  by  two 
permanent  medical  assistants.  These  are  supplemented,  as  occasion  re- 
quires, by  extra  assistants.  In  fact,  there  are  seldom  less  than  three 
assistants,  and  usually  in  the  autumn  and  winter  there  are  four  or  five. 
These  appointments  are  in  great  request  among  the  best  students  of  the 
Glasgow  school.  They  are  only  given  to  qualified  men,  and  by  preference 
to  such  as  have  been  house  surgeons  in  either  of  our  infirmaries.  They 
remain  from  one  to  two  years.  The  present  physician  superintendent, 
Dr.  J.  W.  Allan,  was  appointed  in  August,  1875,  and  has  contributed 
much  by  his  urbanity,  good  management  and  rich  experience  to  win  and  to 
retain  the  confidence  which  Belvidere  undoubtedly  possesses  both  with  the 
profession  and  the  public." 

"  In  calculating  the  cost  of  treatment,  the  expenditure  on  the  small-pox 
hospital  is  always  thrown  in  with  that  on  the  fever  hospital.     There  having 
been  only  rare  and  isolated  cases  of  small-pox  for  some  years,  120  beds 
have  been  constantly  used  for  scarlet  fever,  and  only  one  pavilion,  barri- 
caded off  with  the  whole  administrative  buildings,  for  small-pox.     A  small 
staff  is  maintained  there.     The  last  financial  year  for  which  the  accounts 
are  made  up  (June  1,  1886,  to  May  31,  1887)  may  be  taken  as  an  illustra- 
tion of  the  expenditure,  number  and  nature  of  cases  treated,  etc.     There 
was  not  a  single  case  of  small-pox  treated,  but  £558  were  expended  in  the 
small-pox   hospital;    £15,945   in   the  fever  hospital;   2,790   cases  were 
treated,  including  1,270  cases  of   scarlet  fever,  504  of  measles,   204  of 
enteric  fever,  176  of  whooping-cough,  87  of  typhus,   134  of  erysipelas, 
diphtheria,  chicken-pox  and  puerperal  fever,  the  balance  being  made  up  of 
nursing  mothers  and  cases  of  mistaken  diagnosis.     The  average  residence 
over  all  was  43.3  days  (which  is  high,  owing  to  the  regulation  residence 
being  eight  weeks  for  scarlet  fever)  ;  the  average  daily  number  of  patients, 
332  ;  the  average  cost  of  treatment  per  patient,  £5  18s.     This  does  not  in- 
clude interest  on  capital  expended  in  building  and  furnishing  hospitals,  bat 
does  include  ground,  annual  and  all  current  expenditure  in  maintaining  the 
whole  estate  and  working  the  hospitals.     Taking  one  year  with  another, 
the  average  mortality  is:  for  typhus,  13  per  cent.;  enteric  fever,  12  per 
cent.  ;  scarlet  fever,  12  per  cent. ;  measles,  5  per  cent. ;  whooping-cough, 
12  per  cent. ;  and  over  all  cases,  10  per  cent." 

"  In  the  northeast  corner  of  Belvidere  estate,  the  central  washing  and  dis- 
infecting establishment  for  the  city  is  situated,  occupying  an  area  of  2,500 
square  yards.  In  those  times  when  the  treatment  of  infectious  diseases 
was  left  to  the  Royal  Infirmary,  whatever  disinfection  was  carried  out  at 
the  houses  of  the  patients  was  also  performed  by  the  directors.  In  their 
annual  report  for  1824  they  refer  to  this  fact.  The  first  washing-bou* 
established  by  the  authorities  was  a  small  place  with  a  few  tubs  in  a  c 
off  the  High  Street.    This  ^aa  o^eneft.  v&  \&SA.    When  Belvidere 
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acquired,  half  of  the  existing  fever  hospital  washing-house  was  reserved 
for  this  purpose.  This  soon  proved  inadequate,  and  the  present  separate 
establishment  was  finished,  in  1883,  at  a  cost  of  £8,400.  It  is  essentially 
a  washing-house,  fitted  up  with  the  best  mechanical  appliances,  to  which 
the  articles  to  be  treated  are  driven  by  a  service  of  vans.  There  is  a  Lyons 
disinfector,  in  which  mattresses,  clothing,  etc.,  which  cannot  be  washed, 
are  disinfected,  a  cremator  for  burning  straw,  chaff,  wool,  flock  and  other 
articles,  *  whose  end  is  to  be  burned,'  and  a  carpet-beating  machine.  It 
has  just  been  resolved  to  spend  £800  in  improving  the  arrangements,  and 
especially  in  adding  appliances,  devised  by  the  sanitary  inspector,  for 
treating  everything  which  is  ultimately  to  be  washed  with  a  solution  of 
bichloride  of  mercury,  which,  it  is  expected,  will  make  the  articles  innocu- 
ous before  passing  them  on  to  the  washers.  On  an  average,  1,000  articles 
per  day  are  treated  in  one  way  or  another." 

"  The  hospitals,  the  washing-house,  and  the  sanitary  office  in  the  city  are 
all  in  telephonic  connection." 

Germany. 

The  following  regulations  pertain  to  the  organization  of  hospitals  for 
infectious  diseases  in  Germany. 

A.  The  building  must  be  isolated  and  situated  in  an  open  space,  if  pos- 
sible, away  from  inhabited  quarters,  but  at  such  a  distance  that  the  patients 
may  be  taken  to  it  without  difficulty  or  distress. 

B.  There  must  be  no  communication  between  the  hospital  and  its  sur- 
roundings, and,  where  necessary,  complete  isolation  must  be  established. 

C.  The  beds  must  be  separated  by  at  least  seventy-five  to  ninety  centi- 
meters and  each  patient  allowed  fourteen  cubic  meters  of  space.  (These 
requirements  would  hardly  meet  the  demands  of  modern  hospital  hygiene.) 

Convalescents  are  placed  by  themselves.  Hospitals  must  be  provided 
with  spare  wards  so  that  the  occupied  wards  may  be  vacated  from  time  to 
time  and  carefully  purified. 

D.  The  air  of  the  hospital  must  be  kept  fresh  and  pure.  The  furniture 
must  be  kept  perfectly  clean,  as  well  as  the  rooms. 

E.  The  clothing  of  the  patients  must  be  separately  stored  and  carefully 
disinfected  before  it  is  returned  to  them. 

F.  Convalescents  must  be  isolated  till  they  leave  the  hospital. 

Berlin. 

* 

Hospitals  for  Isolation. 

At  Berlin  the  preventive  measures  against  infectious  diseases  are  organ- 
ized according  to  the  regulations  in  force  throughout  the  Empire. 

A  large  hospital  for  isolation  has  been  built  by  the  corporation^  couv- 
posed  of  twenty-four  detached  pavilions  of  one  atorj^Sfti  w&  %^iaJassw^ 
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building  for  emergencies.     A  space  is  reserved  for  the  construction  of  six 
additional  pavilions. 

This  hospital  (das  stadtische  Krankenhaus  Moabit)  is  situated  in  a  space 
nearly  open  on  all  sides  on  the  Moabit  quarter,  near  to  the  public  park,  and 
small  Thiergarten.  The  ground  has  the  form  of  an  elongated  rectangle. 
Pavilions  are  built  on  the  long  sides  facing  east  and  west.  The  distance 
between  each  is  seventeen  meters,  and  the  two  sides  are  separated  by 
sixty-four  metres.  The  intermediate  space  is  occupied  by  lawns,  groups 
of  trees  and  shrubs. 

The  buildings  cover  a  surface  of  10,000  square  meters,  of  which  6,482 
are  occupied  by  buildings;  the  grounds,  mortuaries,  etc.,  take  up  the  re- 
mainder. 

Each  pavilion  contains  a  ward  28.25  meters  in  length,  6.90  meters  in 
width,  and  3.14  meters  in  height.  Each  contains  thirty  beds  —  too  many 
in  a  hospital  for  infectious  diseases,  as  that  allows  only  twenty-seven  cubic 
meters  for  each  patient.  The  ward  is  lighted  by  windows  in  the  side  walls, 
one  being  placed  between  every  two  beds. 

The  materials  employed  in  the  construction  are  blocks  of  wood  interca- 
lated with  bricks.  The  inside  walls  are  lined  with  boards  painted  in  oil  a 
bright  color.     The  floor  is  formed  of  a  bed  of  concrete. 

There  are  no  ceilings.  The  roof  is  composed  of  a  double  layer  of  boards, 
painted  in  oil  inside  and  covered  outside  with  millboard  saturated  with 
asphalt. 

A  skylight  runs  along  the  middle  of  the  roof  with  lateral  apertures, 
which  may  be  opened  and  shut  from  within. 

A  vestibule  at  one  end,  traversed  by  the  entrance  corridors,  comprises  on 
its  right  side  servants'  rooms  and  the  dispensary,  and  on  the  left,  the  bath* 
room,  linen-room  and  water-closets.     All  these  rooms  have  boarded  floors. 

The  heating  is  effected  by  means  of  steam-pipes  connected  with  a  boiler, 
which  also  serves  for  the  kitchen  and  laundry.  A  large  steam-pipe  runs  in 
a  subterranean  trench  in  front  of  the  pavilions,  sending  a  branch  to  each, 
which  is  subdivided  into  several  pipes  for  warming  the  rooms  and  heating 
water  for  the  bath-room.  Three  steam-pipes,  two  to  the  north  and  one  to 
the  south,  run  above  the  floor  at  a  height  of  0.30  meters ;  they  are  provided 
with  taps  for  the  regulation  of  the  temperature.  The  condensed  water 
returns  to  the  boiler  by  a  pipe. 

Ventilation  is  very  simply  managed.  Fresh  air  is  introduced  by  means 
of  fourteen  openings,  each  eighteen  centimeters  wide,  made  in  the  walls  of 
each  ward  at  the  same  height  as  the  steam-pipes,  which  warm  the  air  as  it 
enters.     The  impure  air  escapes  by  the  lateral  apertures  above. 

The  rooms,  etc.,  are  lighted  with  gas;  the  lamps  are  hung  below  the 
skylight,  and  assist  in  the  ventilation. 

The  pavilion  for  special  isolation  attached  to  the  hospital  is  similarly 
constructed  and  measures  15.$1  metextmleii^xfoi  8  meters  in  width,  and 
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3.64  meters  in  height.  It  contains  three  rooms  separated  from  one  another, 
each  having  three  beds.  A  covered  veranda,  2.30  meters  in  height,  runs 
along  the  front.     Large  doors  at  each  end  set  up  a  current  of  fresh  air. 

Eleven  casements  are  placed  in  front  of  the  veranda  near  the  roof, 
which  are  removed  during  the  summer. 

A  water-closet  is  provided  for  each  room,  placed  in  a  vestibule,  and 
abutting  on  an  outside  wall,  being  perfectly  ventilated  and  separated  from 
the  ward  by  an  ante-chamber. 

Each  of  the  wards  has  a  roof  of  a  pyramidal  form,  at  the  top  of  which  is 
a  ventilating-pipe  surmounted  with  a  Wolpert  aspirator.  The  floors  are 
made  of  brick  covered  with  Metlach  mosaic. 

Heating  is  effected  by  steam  introduced  into  hot-air  stoves,  placed  in  the 
middle  of  the  floor,  and  so  constructed  that  the  heat  can  be  regulated. 
The  stoves  are  surrounded  with  an  iron  jacket. 

Fresh  air  is  supplied  to  the  apparatus  by  a  trench  in  masonry  under  the 
floor,  and  is  warmed  in  passing  between  the  stove  and  the  jacket.  The 
impure  air  escapes  partly  by  the  ventilating  pipe  in  the  roof,  partly  by 
other  pipes  adjoining  a  small  tower  in  the  ceiling  of  the  veranda,  in  which 
are  placed  water-cisterns  for  the  baths. 

The  rooms  may  also  be  heated  by  steam-pipes. 

At  one  end  of  the  veranda  is  a  small  enclosed  room,  into  which  linen 
for  the  wash  is  thrown  through  a  trap-door ;  it  is  taken  away  by  a  door 
communicating  with  the  open  air. 

There  is  a  place  for  'disinfection  in  the  establishment  through  which  the 
linen  is  passed. 

When  no  epidemic  prevails,  part  of  the  hospital  is  given  up  to  ordinary 
patients.  It  is,  however,  considered  preferable  to  nurse  the  latter  in  the 
stadtische  allgemeine  Krankenhaus  Friedricbshain,  which  is  a  splendid 
hospital  built  in  pavilions,  four  of  which  have  one  story  and  six  two  stories. 
There  are  also  two  pavilions  for  isolation  with  two  stories  and  another  of 
one  story  exclusively  reserved  for  diphtheritic  patients. 

In  the  department  for  isolation  each  adult  is  allowed  a  space  of  fifty- 
seven  to  sixty  cubic  meters,  and  each  child  thirty-one  to  forty-two  cubic 
meters. 

The  pavilion  for  diphtheria  is  warmed  by  steam,  but  the  general  method 
is  a  combination  of  heating  by  means  of  hot-water  apparatus  connected 
with  the  ventilation.  Each  ward  has  also  chimneys  open  in  the  summer 
and  autumn. 

In  order  to  assist  ventilation  the  smoke-pipes  pass  through  the  ventilating 
shaft. 

The  removal  of  persons  suffering  from  infectious  diseases  is  entrusted  to 
contractors  charged  with  the  maintenance  of  the  necessary  carriages,  the 
use  of  public  carriages  being  forbidden  to  such  patients  in  virtue  <*i  «fc. 
official  order  of  the  7th  of  February,  1887. 
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Paris. 

No  satisfactory  system  for  the  treatment  of  persons  sick  with  infectious 
diseases  in  hospitals  specially  designed  for  this  purpose  has  yet  been 
effected,  but  a  commission  was  appointed  to  investigate  the  subject,  and 
reported  in  June,  1887,  to  the  municipal  council.  Thus  far,  persons  at- 
tacked with  infectious  diseases  have  been  received  into  all  hospitals,  except 
small-pox  patients,  who  were  only  admitted  to  the  hospitals  of  Saint  Louis 
and  Saint  Antoine,  which  had  isolated  buildings  for  their  accommodation. 
In  the  other  hospitals  the  infected  are  also  isolated,  but  experience  has 
proved  that  the  measures  taken  for  that  purpose  have  not  been  effectual, 
and  it  too  often  happens  that  infection  is  propagated  within  these  estab- 
lishments. Statistics  also  show  that  there  has  been  an  increase  in  the 
deaths  from  infectious  diseases  in  Paris,  while  they  have  sensibly  dimin- 
ished in  other  cities  where  isolation  is  better  organized. 

There  is  a  station  at  the  Hotel  Dieu  in  connection  with  the  transport  of 
infectious  cases,  in  which  are  kept  two  horses,  two  carriages  and  a  driver. 
When  any  person  ill  with  a  contagious  disease  requires  to  be  taken  to  the 
hospital,  notice  is  sent  to  the  nearest  police  station,  whence  it  is  transmitted 
to  the  Prefecture,  who  then  sends  orders  to  the  Hotel  Dieu.  The  disinfec- 
tion of  carriages  is  prescribed  by  the  regulations,  but  this  duty  is  left  to 
the  driver,  without  supervision. 

The  plan  already  mentioned  provides  for  two  ambulance  stations,  one  on 
the  right  bank  of  the  Seine,  near  the  Hospital  of  St.  Antoine,  and  the  other 
on  the  left  bank,  near  the  Hospital  for  Sick  Children.  Each  of  these  sta- 
tions is  to  have  twelve  carriages  for  removal  of  the  sick.  Two  will  he 
reserved  for  small-pox,  two  each  for  measles,  diphtheria,  scarlet  fever  and 
typhoid  fever,  and  the  last  two  will  be  reserved  for  other  diseases  — 
whooping-cough,  erysipelas,  etc.  The  carriages  used  for  one  disease  are 
never  to  be  used  for  another.  Each  coach-house  must  be  divided  into  six 
compartments  in  order  to  prevent  mistakes.  The  stable  will  be  arranged 
for  six  horses,  though  it  will  not  be  necessary  to  keep  more  than  two  in 
them  under  ordinary  circumstances. 

A  certain  number  of  nurses  will  be  assigned  to  each  ambulance  to  ac- 
company the  patients.  They  will  live  in  the  adjoining  hospital  and  give 
their  services  in  turn. 

The  staff  of  the  station  will  consist  of  a  chief  officer,  two  coachmen,  one 
of  whom  must  be  married,  and  a  servant,  who  may  be  the  wife  of  the  lat- 
ter. All  these  persons  will  live  on  the  premises,  and  the  staff,  as  well  as 
the  nurses,  will  be  boarded  there.  The  estimated  cost  of  construction  of 
each  station  is  about  $14,000,  and  that  of  each  carriage  about  $500.  Each 
is  to  be  provided  with  a  seat  for  the  nurse,  near  the  pillow  of  the  patient, 
and  a  drawer  for  clothes  and  linen.  After  each  journey  the  carriage  is  to 
be  t/ioroughly  washed.  The  &ta.Woi&  wtfe  to  be  connected  by  telephone 
frith  the  Relief  Board  and  tYve  Tfrtteetoam. 
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Hospitals. 

As  a  part  of  this  general  plan,  four  hospitals  are  to  be  erected  near  the 
gates  at  the  entrance  of  the  city.  Two  will  be  devoted  to  small-pox,  and 
one  each  to  diphtheria  and  to  measles.  The  first  are  designed  for  seventy 
beds  in  each.  The  plan  provides  for  reserving  a  plat  of  ground  near  by, 
so  that  in  case  of  need  supplementary  pavilions  may  be  constructed  with 
accommodations  for  more  than  eighty  more  patients.  This  ground  is  to  be 
levelled,  covered  with  asphalt  and  drained,  so  that  temporary  buildings  can 
be  put  up  in  a  few  days.  If  further  accommodation  is  required,  it  is  pro- 
posed to  build  a  hospital  for  convalescents  at  Creteil,  southwest  of  Paris, 
on  ground  belonging  to  the  Relief  Board. 

A  hospital  for  diphtheria  also  forms  a  part  of  the  plan,  to  be  erected 
near  Bicetre,  at  the  south  end  of  the  city. 

The  following  figures  show  the  special  need  for  arresting  the  progress  of 
diphtheria  and  measles  in  Paris  :  — 

Mean  Death-rale  from  Diphtheria  per  10,000  Inhabitants,  Paris. 

From  1865  to  1869, 4.32 

1870  to  1874, 4.72 

1875  to  1879 8.88 

1880  to  1884 9.26 

1885  to  1887 7.68 


44 
44 
44 
44 


Mean  Death-rate  from  Measles  per  10,000  Inhabitants,  Paris. 

From  1865  to  1869, 3.18 

"      1870  to  1874 3.35 

"      1875  to  1879, 3.72 

1880  to  1884, 4.90 

1885  to  1889, 5.71 


44 
44 


Scarlet  fever  does  not  appear  to  have  found  a  congenial  soil  in  Paris, 
the  average  mortality  per  10,000  from  this  cause  being  but  0.9  as  compared 
with  1.7  in  London,  1.2  in  Edinburgh  and  3.2  in  Berlin.  Measures  for  its 
restriction  there  do  not  therefore  appear  to  be  so  imperative  as  in  the  case 
of  the  infectious  diseases  already  named. 

With  the  view  of  diminishing  the  spread  of  whooping-cough  it  has  also 
been  proposed  to  found  a  great  isolating  establishment,  including  a  school 
and  a  hospital. 

The  public  disinfecting  stations  form  a  part  of  the  general  plan  for  the 
prevention  of  the  spread  of  infectious  diseases.  Those  of  Paris  and  Berlin 
are  most  thoroughly  equipped,  and  managed  in  the  most  effective  and  sys- 
tematic manner.  Their  description,  however,  does  not  come  within,  tha 
scope  of  the  present  paper. 
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Later  information  upon  the  subject  of  isolation  of  contagious  diseases  in 
Paris  may  be  found  in  a  paper  contributed  to  the  International  Congress  of 
Charities,  Correction  and  Philanthropy  at  Chicago  in  June,  1893,  by  Dro. 
Herbert  and  Hogg  of  Paris.* 

The  following  summary  is  presented  in  that  paper  of  the  facilities  which 
are  afforded  in  Paris  for  the  isolation  and  treatment  of  hospital  patients 
Buffering  with  contagious  diseases.  The  hospitals  providing  such  faculties 
are  six  in  number :  — 

The  Aubervillier8  Hospital  possesses  separate  buildings  for  small-pox, 
measles,  scarlet  fever,  erysipelas,  diphtheria  and  doubtful  cases ;  in  all, 
184  beds. 

The  Hospital  Trousseau.  Isolation  wards  are  established  for  children 
with  diphtheria,  measles  and  scarlet  fever  (181  beds). 

Hospital  "  des  Enfants  Malades"  (Enfants  J£sus),  which  is  a  hospital 
for  children,  receives  diphtheria  and  scarlet  fever  patients  (52  beds) . 

In  addition  to  these  the  following  hospitals  are  provided  with'  isolation 
rooms  :  Lariboisiere,  7  beds  ;  La  Pitie^  5  beds  ;  La  Charity  8  beds. 

All  of  these  taken  together  furnish  a  total  of  332  beds. 

Sweden. 

In  Sweden,  local  public  health  administration  is  in  charge  of  a  Commis- 
sion of  Hygiene,  in  the  towns  (Helsovardsnamnd)  ;  and  in  rural  districts 
the  Communal  Council  is  entrusted  with  sanitary  functions.  These  have 
been  organized  by  laws  of  1874  and  1885. 

During  the  prevalence  of  an  epidemic  of  infectious  disease  the  Commis- 
sion must  attend  to  the  following  regulations  :  — 

1.  The  immediate  removal  of  the  patient  to  a  special  hospital,  a  place 
isolated  for  the  purpose,  unless  the  transport  should  endanger  the  life  of 
the  patient.  He  may  remain  in  his  own  dwelling  if  he  can  be  nursed 
according  to  the  regulations  prescribed  by  the  Commission. 

2.  The  immediate  disinfection  of  the  house,  clothing,  bedding,  etc.,  of 
the  patients  who  have  died,  recovered  or  been  sent  to  the  hospital. 

3.  Patients  are  not  to  be  removed  in  public  carriages  ;  stretchers,  sedan 
chairs,  etc.,  are  disinfected  after  use. 

4.  Clothing  of  the  patients,  and  anything  belonging  to  the  hospital 
which  has  been  lent  or  sold,  are  to  be  disinfected. 

Persons  suffering  with  epidemic  or  infectious  diseases  cannot  refuse  to 
be  removed  to  the  special  hospital  unless  life  would  be  endangered,  or  they 
can  be  nursed  in  a  place  properly  isolated,  at  their  own  expense. 

When  two  infectious  diseases  prevail  at  the  same  time,  two  special  hos- 
pitals should  be  established,  or,  at  least,  a  properly  isolated  portion  must  be 
set  apart  for  the  treatment  of  one  class  of  patients. 

*  Hospitals,  Dispensaries  and  "NutaVag.   ¥«^ti%\taBuufaro!itete.%  at  Congress  of  Charities, 
Correction  and  Philanthropy,  June,  \B$&.   ^w  X<*t,\«»V. 
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Stockholm. 

Population  about  225,000.  In  Stockholm  the  plan  presented  in  1884,  by 
Dr.  Linroth,  Chief  Medical  Officer,  for  the  purpose  of  organizing  the  treat- 
ment of  infectious  diseases  in  the  city  includes  — 

1 .  A  hospital  placed  at  one  end  of  the  city,  organized  in  a  pavilion  sys- 
tem, and  comprising  — 

A  building  for  small-pox,  with 20  beds. 

A  building  for  typhus  fever,  with 20     " 

A  building  for  scarlet  fever,  with 85 

A  building  for  diphtheria,  with 28 

A  building  for  measles,  with 85     " 

A  building  with,  at  least,  ten  small  observation  rooms,  each  having  one 

bed. 
A  building  for  the  staff,  containing  also  rooms  for  the  medical  officers  of 

the  establishment. 
Buildings  for  offices,  such  as  kitchen,  laundry,  place  for  disinfection  and 

the  burning  of  straw,  stables,  coach-houses  and  ice-houses. 


A  place  should  be  reserved  on  the  same  ground  for  two  temporary  hos- 
pitals, the  plans  and  drawings  for  which  must  be  quite  ready  so  that  they 
can  be  erected  without  delay  in  case  of  need. 

2.  A  branch  establishment  at  the  other  end  of  the  city,  organized  after 
the  same  system,  and  comprising  — 

A  building  for  scarlet  fever,  with 80  beds. 

A  building  for  measles,  with 25  beds. 

A  building  for  the  staff,  and  two  rooms  for  special  cases. 
A  building  for  the  offices  of  the  establishment 

3.  An  establishment  situated  in  the  group  of  islands  on  this  side  of 
Vaxholm,  intended  to  receive  infectious  patients  who  have  arrived  by  sea, 
and  comprising  a  pavilion  with  fifteen  beds ;  a  place  for  disinfection ;  a 
building  for  the  staff  and  officers. 

4.  A  place  for  disinfection  within  the  city  for  the  healthy  members  of 
families  exposed  to  infection,  and  for  suspected  clothing.  The  number  of 
beds  available  should  be  one  hundred  and  forty-eight  in  the  large  hospital, 
fifty-seven  in  the  branch  establishment  and  fifteen  in  the  island  hospital, 
in  all  two  hundred  and  twenty  beds. 

Dr.  Linroth  is  of  opinion  that  typhoid  fever  may  safely  be  treated  in  the 
other  hospitals  of  the  city  as  in  previous  yeare^ 

The  construction  of  a  new  isolation  hospital  on  the  above  plan  was  only 
begun  in  1890.  The  hospital  comprises  five  pavilions,  comprising  alto- 
gether one  hundred  and  sixty- two  beds,  a  building  m\»\i  fe\\$&  Oofcw**&ss^ 
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rooms,  a  building  for  the  administration  and  for  the  doctor,  one  for  cooking, 
a  laundry,  mortuary,  etc. 

Before  this  time  the  old  hospitals  were  utilized,  temporary  buildings 
being  erected  for  special  requirements. 

These  are  constructed  of  double  boards.  The  interstices  of  the  walls, 
floor  and  ceiling  are  filled  up  with  charcoal. 

A  barrack  on  this  model  was  erected  in  ten  days  in  the  park  of  Bellevae 
near  Brunsviken,  when  an  epidemic  of  small-pox  was  threatened.  The 
expense  amounted  to  about  £700. 

A  permanent  erection  has  been  constructed  on  the  ground  of  the 
hospital  Saint  Maria  to  serve  as  a  place  for  isolation.  Its  total  length 
is  32.30  meters  and  the  width  7.50  meters.  Its  height  is  15.50  meters 
between  the  ground  and  the  ridge.  The  front,  which  looks  towards  tbe 
west,  is  flanked  by  a  fore-court  eight  meters  in  length  by  5.5  meters  in 
width.  The  sides  are  made  of  boards  7.5  centimeters  thick,  wainscoted 
and  lined  with  mill-board  outside  and  inside.  The  roof  is  of  mill-board 
covered  with  asphalt. 

The  building  contains  two  wards,  with  thirteen  beds  in  each.  The  space 
between  the  wards  is  occupied  by  a  room  for  the  nurse,  a  linen-room,  and 
a  small  kitchen  for  making  drinks.  Behind  the  vestibule  adjoining  the 
wards,  which  can  be  divided  into  parts,  is  a  fore-court  in  which  are 
placed  the  latrines  and  the  bath-room.  The  floors  of  the  wards  are  made 
of  asphalt,  laid  on  a  bed  of  cement,  which  is  placed  on  the  ground,  cov- 
ered with  a  bed  of  broken  stones  and  gravel.  The  other  rooms  have  also 
asphalt  floors,  excepting  the  nurses'  room. 

The  walls  and  ceilings  are  painted  in  oil  throughout  the  building,  in 
order  that  they  may  be  easily  cleaned.  Each  bed  in  the  wards  has  7.20 
square  meters  of  floor  space  and  30  cubic  meters  of  cubic  space.  The 
windows  are  made  in  the  side  wall  of  the  ward,  and  look  east  and  west, 
there  being  eleven  in  each  ward.  The  windows  are  two  meters  in  height 
by  one  in  breadth,  their  total  surface  being  about  one-fourth  of  the  floor. 
The  establishment  possesses  a  gas  and  water  service.  There  are  two  baths 
made  of  copper  in  the  bath-room.  The  latrines  are  arranged  on  the  system 
of  movable  tanks  used  in  the  city,  but  in  such  a  way  that  the  urine  flows 
away  separately  by  a  subterranean  pipe.  In  the  closets  there  are  also  cis- 
terns in  zinc  for  the  soiled  linen,  a  current  of  water  continuously  passing 
through  them  from  top  to  bottom,  and  discharging  into  the  sewer.  The 
speed  of  the  current  is  regulated  at  pleasure. 

In  this  way  all  risk  from  the  handling  of  dry  linen  worn  by  the  infectious 
patients  is  avoided.  The  linen  is  not  taken  from  the  water  and  wrung 
until  the  moment  when  it  is  .to  be  sent  to  the  wash.  The  cisterns  have 
lids  locked  with  a  key. 

Heating  and  ventilation  are  effected  by  means  of  a  kind  of  stove  with  an 
iron  casing  lined  with  fire-proof  bricks.    The  casing  does  not  come  higher 
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than  the  middle  of  the  stove,  and  is  6  centimeters  from  it.  The  total 
height  of  the  apparatus  is  3.60  meters,  the  exterior  diameter,  0.60  meter; 
the  heated  surface,  7  square  meters. 

The  fresh  air,  entering  by  a  pipe  sixty  centimeters  by  thirty,  arrives  at 
the  bottom  of  the  stove  and  is  heated  in  passing  between  the  stove  and  the 
casing.     The  ventilating-pipe  is  provided  with  a  sliding  valve. 

The  stoves  are  arranged  for  slow  combustion,  fed  at  long  intervals  dur- 
ing the  day,  and  kept  locked. 

The  impure  air  escapes  by  pipes  heated  in  the  chimney,  each  discharge 
pipe  having  an  opening  near  the  floor  for  ventilation  in  winter  and  one 
under  the  ceiling  for  summer ;  the  valves  of  these  openings  are  enclosed 
that  they  may  be  out  of  reach  of  the  patients. 

The  upper  sash  of  two  opposite  windows  in  each  ward  is  provided  with 
hinges  below,  so  as  to  open  within,  and  has  an  iron  plate  on  each  side. 

All  the  air-pipes  are  arranged  so  as  to  be  easily  cleaned. 

During  the  summer  more  thorough  ventilation  may  be  secured  by  a 
water  ventilator  on  Trentler  and  Schwartz's  systems,  fixed  in  the  roof, 
above  the  centre  of  the  building.  This  ventilator  is  put  into  communica- 
tion with  the  wards  and  the  outer  air  in  such  a  way  that  air  may  be 
admitted  or  excluded  at  pleasure  by  opening  or  shutting  valves. 

The  cost  of  this  barrack  is  about  £1,440. 

The  city  keeps  a  special  carriage  for  the  removal  of  infectious  patients . 
It  is  lined  inside  with  varnished  wood,  which  can  be  easily  cleaned  after 
each  journey. 

Denmark. 

Copenhagen. 

The  wards  of  Blegdams  Hospital  are  fitted  up  with  special  care  for  the 
treatment  of  patients  with  infectious  diseases.  There  are  eight  one-storied 
pavilions,  two  for  twelve  patients  each,  six  for  twenty-six  each,  and  a  two- 
storied  pavilion  for  seventy-eight  patients  ;  besides,  there  are  some  movable 
marquees  (felt  tents  of  Docker's  patent),  with  accommodations  for  fifty 
patients.  The  general  arrangement  of  the  hospital  is  shown  in  the 
accompanying  plan.  The  one-storied  pavilions  belong  to  several  systems. 
One  of  these  is  especially  distinguished  by  its  heating  and  ventilating  sys- 
tem, planned  by  Mr.  Julius  Thomsen,  Professor  of  the  University  and 
President  of  the  Polytechnic  Academy.  In  outline  it  is  in  each  of  two 
entirelv  similar  halves,  as  follows :  fresh  air  is  conducted  from  wells  at  a 
proper  distance  from  the  building  to  an  air  chamber  in  its  cellar,  from  which 
it  is  conducted  under  the  floor  of  the  sick  ward,  into  which  it  ascends  through 
three  openings  in  the  floor.  In  the  cellar  a  fire  is  kept  up  all  the  year 
round  ;  during  the  cold  season  the  draught  from  the  furnace  is  conducted  to 
a  chimney  in  the  centre  of  the  building  through  a  calorifere  placed  in  the 
air-chamber;  hereby  the  fresh  air  gets  a  suitable  temperature,  while  ihfc 


736  STATE  BOARD  OP  HEALTH.         [Pub.  Doc. 

draught  in  summer  is  conducted  directly  to  the  chimney,  without  passing 
the  calorifere.  The  chimney  will  always  thus  be  able  to  exhaust  the  viti- 
ated air  of  the  sick  ward,  which  is  effected  by  means  of  channels  leading 
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to  the  chimney  from  openings  in  the  walls  of  the  ward  at  various  heights 
from  the  floor.  The  draught  in  the  fireplace,  in  which  the  consumption  of 
fuel  naturally  varies  according  to  outside  temperature,  can  be  regulated 
with  a  simple  mechanism  from  the  cellar,  as  well  as  from  the  sick  ward,  so 
that  it  goes  partly  through  the  calorifere,  partly  directly  to  the  chimney, 
and  that  an  increase  of  one  passage  corresponds  to  a  diminishing  of  the 
other.  In  the  same  manner  the  exhaust  can  be  regulated ;  its  strength  can 
be  read  from  an  anemometer  in  the  ward,  and  it  may  be  regulated  or  entirely 
stopped,  according  to  circumstances.  The  nurses  are  thus  at  all  times  able 
to  control  the  temperature  and  renewal  of  air.  The  above-mentioned  two- 
storied  sick  ward  of  Blegdams  Hospital  was  just  completed  at  the  expira- 
tion of  1890,  and  represents  a  high-class  modern-hospital  technique.  The 
principles  on  which  the  new  operating  room  in  the  Commune  Hospital, 
above  described,  was  built  are  in  every  essential  also  used  in  this  building. 
Its  baths,  kitchens,  closets  and  other  accessories  are  in  most  perfect  har- 
mony with  the  principles  described  above. 
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III. 

The  following  summary  embraces  the  returns  of  diseases  "  danger- 
ous to  public  health  "  made  to  the  State  Board  of  Health  under  the 
provisions  of  chapter  302  of  the  Acts  of  1893.  Since  the  act  in 
question  did  not  specify  the  diseases  intended  to  be  reported  to  the 
Board  (except  small-pox),  the  Board  issued  a  circular,  in  which  it 
expressed  its  opinion  as  to  the  particular  diseases  which  should  be 
reported  under  the  provisions  of  this  act.  They  were  the  following: 
small-pox,  scarlet  /ever,  measles,  typhoid  fever,  diphtheria,  mem- 
branous croup,  cholei'a,  yellow  fever,  typhus  fever,  cerebrospinal 
meningitis,  hydrophobia,  malignant  pustule,  leprosy  and  trichinosis. 

The  report  of  1893  embraced  the  returns  of  the  fractional  year 
only  which  immediately  followed  the  enactment  of  the  statute,  while 
those  of  1894  were  for  a  full  year. 

The  whole  number  of  cases  of  infectious  diseases  reported  in  1895 
was  21,307,  which  were  divided  as  follows :  — 

Reported  cases  of  small -pox, 1 

Reported  cases  of  diphtheria  and  croup, 7,806 

Reported  cases  of  scarlet  fever, 6,194 

Reported  cases  of  typhoid  fever, 2,438 

Reported  cases  of  measles, 4,868 

Total, 21,307 

The  summary  for  the  years  1893,  1894  and  1895  is  as  follows:  — 
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1893,  . 

1894,  . 

1895,  . 
Totals, 
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Under  this  title  it  has  been  customary  to  present  a  digest  of  the 
annual  reports  of  the  local  boards  of  health  which  have  been  received 
at  the  office  of  the  State  Board  of  Health. 

Very  few  of  the  smaller  towns  (such  as  have  populations  of  less 
than  2,000  inhabitants)  publish  separate  reports  of  the  local  boards 
of  health.  The  reports  which  we  receive  are,  therefore,  mainly 
those  of  the  cities  and  large  towns. 

The  most  prominent  topics  which  appear  in  these  reports  are  the 
increased  care  devoted  to  the  subject  of  the  notification  of  infectious 
diseases,  and  their  prevention  by  isolation,  disinfection  and  vaccina- 
tion, the  need  of  sewerage  and  efficient  methods  of  disposal  in  towns 
where  no  systems  are  in  existence,  the  inspection  of  plumbing  and 
registration  of  plumbers,  and  the  disposal  of  the  garbage  and  the 
refuse  of  houses  and  of  streets. 

The  subject  of  the  notification  of  diseases  has  been  considered  at 
an  earlier  place  in  this  volume. 

The  following  table  contains  the  statistics  of  cases  of  diphtheria, 
scarlet  fever,  typhoid  fever  and  measles  reported  to  local  boards  of 
health,  as  compiled  from  the  annual  reports  of  such  boards,  which 
have  been  forwarded  to  the  office  of  the  State  Board,  since  the  close 
of  the  calendar  year  1893.  In  parallel  columns  are  also  presented 
the  deaths  from  the  same  causes,  as  given  in  the  same  reports. 


Certain  Infectious  Diseases  reported  to  Local  Boards  of  Health  in  1893. 
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Certain  Infectious  Diseases  reported  to  Local  Board*  oj  Health  in  1893 

—  Con  tinned. 
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Certain  Infectious  Diseases  reported  to  Local  Boards  of  Health  in  1893 

—  Concluded. 


Diphtheria  and 
Crodp. 

8CABLST  Fever. 

Typhoid  Fever. 

Measles. 

CITIES  AMD  TOWNS. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 
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From  the  comparison  of  these  figures,  the  relative  fatality  of  each 
disease  during  the  year  in  these  cities  and  towns  may  readily  be 
ascertained.  The  columns  of  deaths  may  be  considered  as  quite 
accurate,  while  the  reported  cases  are  probably  somewhat  lea*  tJaaxiL 
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the  actual  numbers,  in  consequence  of  a  small  percentage  of  neglect 
or  failure  to  report.     The  figures  are  as  follows  :  — 


Reported  cases  of  diphtheria  and  croup, 
Registered  deaths  from  diphtheria  and  croup, 
Fatality, 


2,919 
926 
S1.7  per  cent 


Reported  cases  of  scarlet  fever, 7,420 

Registered  deaths  from  scarlet  fever, 654 

Fatality, 8.8  per  cent 

Reported  cases  of  typhoid  fever, 2,457 

Registered  deaths  from  typhoid  fever, 492 

Fatality, 20.0  percent 

Reported  cases  of  measles, 6,290 

Registered  deaths  from  measles, 98 

Fatality, 1.6  percent 

The  following  summary  contains  the  figures  for  each  of  these 
diseases  for  the  years  1891,  1892  and  1893 :  — 
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The  cities  and  towns  embraced  in  this  list  were  70  in  number,  and 
comprised  about  three-fourths  of  the  population  of  the  State.  They 
were  nearly  identical  with  those  which  furnished  reports  in  1892. 

The  number  of  reported  cases  of  diphtheria  was  eighty  less  than 
that  of  1892,  and  the  percentage  of  fatal  cases  was  slightly  larger. 

The  reported  cases  of  scarlet  fever  exceeded  those  of  1892  by 
1,308,  while  the  fatality  was  8.8  per  cent,  or  nearly  double  that  of 
the  preceding  year. 

The  reported  cases  of  typhoid  fever  were  greater  than  those  of 
1892  by  565,  but  the  fatality  was  less,  being  20  per  cent,  as  com- 
pared with  23.0  in  the  preceding  year. 
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The  reported  cases  of  measles  were  eight  times  as  many  as  those 
of  1892,  but  the  fatality  was  less  than  half  as  great,  being  1.6  per 
cent,  as  compared  with  4.0  in  the  preceding  year. 

The  following  figures  present  the  fatality  from  diphtheria,  scarlet 
fever  and  typhoid  fever  as  reported  by  the  Local  Government  Board 
of  England  for  the  years  1890,  1891  and  1892. 


1890. 

1891. 

189*. 

Diphtheria,        ....... 

Typhoid  fever, 

25.5 

8.0 

19.9 

23.7 

5.8 

20.8 

23.6 

4.4 

17.8 

Amesbury. 

There  have  been  many  less  complaints  entered  this  year  than  last,  eighty- 
two  cases  as  against  one  hundred  and  fifty.  Most  of  these  were  promptly 
abated  on  the  attention  of  the  property  owners  being  called  to  the  unsani- 
tary conditions,  therefore  little  expense  was  incurred  to  have  official  notices 
served. 

There  was  some  delay  in  abating  the  odor  from  the  old  soap  factory,  but 
the  exigencies  of  the  business  made  it  almost  unavoidable. 

The  Board  would  again  call  the  earnest  consideration  of  the  voters  of 
the  town  to  the  utility  and  economy  of  sewering  the  town,  as  per  plan  now 
on  file  ;  if  not  the  whole,  at  least  a  part  should  be  dope  every  year. 

Scarlet  fever  at  first  showed  itself  in  a  mild  form,  but  has  gradually  as- 
sumed a  more  malignant  type,  with  a  death  rate  of  sixteen  per  cent,  of 
reported  cases.  To  stay  the  spread  of  this  dread  disease,  the  Board  has 
promptly  placarded  every  house  in  which  the  disease  has  been  reported, 
and  given  full  instructions  as  to  the  importance  of  isolation  and  proper 
disinfection.  Some  physicians  and  most  heads  of  families  have  been  dila- 
tory in  reporting  the  cases,  and  some  were  not  reported  at  all.  The  State 
law  requires  such  reports  to  be  made,  and  imposes  heavy  fines  for  neglect. 
The  school  committee  had  the  public  schools  closed  for  some  weeks  to  stay 
the  progress,  but  with  no  perceptible  benefit,  as  two  days  before  re-opening 
them  there  were  seven  new  cases  reported.  The  necessity  of  isolation  in 
this  disease  is  beyond  question,  and  the  all  important  step  to  be  taken,  if 
followed  by  efficient  disinfection. 

Two  cases  of  supposed  glanders  in  horses  have  been  reported  to  the 
Board,  one  case  being  imported.     The  matter  was  immediately  investigated 
by  the  Board  and  a  veterinary  surgeon  from  Boaton^  «&&  >X\a.  vcta&s&>  ^r*^ 
satisfactory  disposed  of  at  the  phosphate  tactorj . 
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Arlington. 

In  the  absence  of  a  regularly  elected  Board  of  Health,  the  selectmen, 
under  the  statutes,  constitute  the  Board.  As  our  town  increases  in  popula- 
tion, and  dwellings  are  erected  nearer  together,  the  importance  of  an  alert 
and  competent  Board  of  Health  is  evident.  On  all  our  streets  a  greater  or 
less  portion  of  the  land  is  used  for  cultivation.  This  results  in  the  use  of 
various  forms  of  fertilizers,  which,  while  not  always  dangerous  to  health, 
are  very  objectionable  —  whole  neighborhoods  at  times  being  rendered  un- 
comfortable by  the  unloading  of  the  refuse  from  the  city. 

The  keeping  of  swine  within  the  limits  of  the  town  should  be  restricted 
to  places  remote  from  the  densely  inhabited  portions. 

We  suggest  that  a  separate  Board  of  Health  be  elected  by  the  town, 
selected  from  those  citizens  who  are  especially  familiar  with  sanitary  matters. 

Attleborough  . 

In  accordance  with  the  requirements  of  the  Public  Statutes,  the  Board 
of  Health  makes  an  annual  report  to  the  town.  This  report  should  include 
an  account  of  the  duties  performed  by  the  members,  such  suggestions  for 
the  physical  welfare  of  the  town  as  occur  to  them  as  the  results  of  their 
experience,  and  tables  of  vital  statistics  which,  when  compared  with  reports 
of  former  years,  indicate  the  way  the  town  is  growing  and  suggest  oppor- 
tunities for  its  sanitary  improvement. 

Less  complaints  were  received  this  year  than  usual.  In  fact,  house- 
holders are  now  generally  informed  as  to  the  requirements  of  the  Board 
and  gladly  conform  to  them.     No  serious  epidemic  has  occurred. 

Measles  became  so  prevalent  that  the  Board  requested  the  school  com- 
mittee to  exclude  from  the  public  schools  all  pupils  coming  from  homes 
where  there  were  such  cases.  This,  being  an  innovation,  caused  unfavora- 
ble criticism  from  the  public  and  even  from  physicians  in  town,  but  singu- 
larly enough,  by  this  action  the  local  Board  only  anticipated  by  a  few 
months  what  is  now  required  by  the  statutes,  viz.,  that  measles  shall  be 
included  in  the  list  of  diseases  "  dangerous  to  the  public  health,"  and 
consequently  to  be  especially  guarded  against. 

* 

Ayer. 

The  most  notable  occurrence  in  connection  with  the  health  of  the  town, 
during  the  year,  was  an  epidemic  of  scarlet  fever.  The  lower  grades  of 
the  public  schools  were  closed  for  several  weeks  in  December  with  little 
apparent  effect  in  checking  the  spread  of  the  disease.  The  disease  was 
probably  spread  in  many  instances  by  cases  so  mild  they  were  not  recog- 
nized. 
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Barre* 

It  is  a  notable  fact  relative  to  the  health  of  Barre,  that,  in  a  total  of 
thirty-five  births  and  thirty-six  deaths,  there  were  no  deaths  of  infante,  and 
no  death  was  reported  of  any  person  under  thirty  years  of  age. 

Beverly. 

There  was  free  vaccination  of  1,374  patients,  and  the  issuing  of  certifi- 
cates to  the  same. 

In  view  of  the  fact  that  the  town  has  voted  to  put  in  a  system  of  sewer- 
age, the  Board  would  most  earnestly  recommend  that  the  town  adopt  the 
State  plumbing  law  so  that  in  the  future  the  citizens  will  receive  the  full 
benefit  of  the  sewer. 

They  would  also  call  attention  to  the  daily  increasing  demand  for  the 
adoption  of  some  system  for  the  collection  of  garbage,  swill  and  ashes. 
At  the  present  time  the  greater  part  of  the  swill  is  mixed  with  ashes  and 
then  dumped  on  some  of  the  various  dumps  in  and  about  the  town,  thus 
creating  a  very  undesirable  state  of  affairs  in  such  locations. 

Boston. 

The  total  number  of  deaths  during  the  year  was  11,710,  an  increase  of 
474  over  the  preceding  year.  The  death-rate  per  1 ,000  inhabitants  for  the 
year  is  found  to  be  24.02.  The  prevalence  of  pneumonia  during  the  year 
assumed  a  character  unequalled  in  the  registration  of  vital  statistics  in  this 
city.  In  1851  its  percentage  to  the  total  mortality  was  7.75;  in  1893  it 
was  13.15  per  cent.,  or  a  total  of  1,540  deaths  from  this  cause  alone.  It 
is  gratifying,  however,  to  be  able  to  state  that  the  percentage  of  the  total 
mortality  from  zymotic  causes  is  less  by  .49  per  cent,  than  for  the  year 
1892,  or  17.43  per  cent,  of  the  total  number  of  deaths.  The  deaths  from 
diphtheria  increased  62,  while  the  deaths  from  scarlatina  decreased  14,  as 
compared  with  the  preceding  year. 

Infectious  Diseases. 

Small-pox.  —  On  Oct.  30,  1893,  after  an  interval  of  fourteen  months,  a 
case  of  small-pox  occurred  in  Ward  6.  The  patient,  a  boy  eleven  years  old, 
who  arrived  in  Boston,  October  15,  on  the  "  Catalonia,"  must  have  con- 
tracted the  disease  on  that  steamer.  On  November  6  a  second  case  occurred. 
The  case  was  found  in  Ward  22,  and  was  directly  traceable  to  the  u  Cata- 
lonia." This  patient  was  removed  to  the  hospital,  and  as  he  was  un vacci- 
nated he  had  a  severe  attack  of  the  disease.  This  case  gave  rise  to  two  others 
occurring  in  this  man's  family.  As  the  two  last  patients  had  been  vaccinated 
they  were  not  very  ill,  and  remained  at  the  hospital  only  a  short  time.  O^ 
November  13,  in  Ward  13,  three  cases  occurred  m  otl^  tao&3  ^  ^Yfts3a.  nr^s*. 
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directly  traced  to  a  mild  attack  of  the  disease  which  mast  have  been  con- 
tracted on  the  "  Catalonia.'9  These  three  patients,  together  with  the  per- 
son who  arrived  on  the  u  Catalonia,"  were  removed  to  the  hospital,  where 
they  all  recovered.  The  an  vaccinated  were  quite  ill ;  the  vaccinated  were 
not  seriously  ill.  On  November  18  a  case  occurred  in  Ward  14.  The 
patient,  a  little  girl  about  three  years  old,  contracted  the  disease  from  i 
mild  case  in  a  person  who  arrived  in  Boston  on  the  "  Catalonia."  On 
December  7,  8  and  9  eight  cases  occurred  in  Ward  19,  which  were  con- 
tracted from  an  unrecognized  and  mild  attack  of  the  disease.  A  case  oc- 
curred on  December  8,  in  Ward  18,  the  origin  of  which  could  not  be  traced. 
From  Dec.  10,  1893,  to  Jan.  5,  1894,  eleven  cases  occurred  which  could  be 
directly  traced  to  the  mild  case  in  the  family  living  in  Ward  19,  which 
has  been  previously  mentioned.  On  December  13  a  case  occurred  in  Ward 
14,  which  could  be  directly  traced  to  a  previous  case. 

From  Oct.  30,  1893,  to  Jan.  31,  1894,  there  were  in  all  thirty-six 
cases.  The  percentage  of  deaths  among  the  un vaccinated  has  been  29.62. 
No  vaccinated  person  has  died,  and  no  vaccinated  person  has  been  seriously 
ill.  A  mother  nursed  her  infant,  who  had  the  disease,  during  the  whole 
course  of  the  attack,  but  as  the  mother  had  two  perfectly  characteristic 
scars  she  did  not  contract  the  disease.  Two  vaccinated  children,  relatives 
of  a  patient,  were  constantly  exposed  from  three  to  four  weeks  to  the  dis- 
ease and  did  not  become  ill. 

Vaccination. — The  number  of  cases  of  small-pox  having  increased  in 
November,  it  was  thought  best  to  offer  free  vaccination  in  those  sections 
of  the  city  where  cases  of  this  disease  were  most  frequently  found,  and 
there  were  in  round  numbers  100,000  vaccinated. 

Early  in  November,  while  vaccinating  among  school  children  in  South 
Boston,  the  Board  personally  discovered  the  fact  that  many  children  were 
attending  the  public  schools  without  ever  having  been  vaccinated,  and  these 
facts  were  subsequently  communicated  to  the  School  Committee,  under  date 
of  Nov.  28,  1893.  Fifty-nine  thousand  four  hundred  and  eighty-eight 
pupils  have  been  examined;  there  have  been  4,120  primary  vaccinations; 
10,152  re-vaccinations  ;  and  the  number  of  pupils  refusing  vaccination  and 
presenting  insufficient  evidence  of  having  been  vaccinated  is  1,678. 

Diphtheria.  — The  Board  of  Health  has  repeatedly  asked  for  an  appropri- 
ation with  which  to  increase  its  care  for  the  uncontrolled  cases  of  diphtheria 
and  scarlet  fever,  and  it  has  as  often  been  refused.  The  Board  would  like 
to  have  all  cases  seen  by  its  own  physicians  or  agents,  held  under  proper  sur- 
veillance while  at  home,  and  released  from  isolation  only  on  the  certificates 
from  the  same  physicians  or  agents.  We  would  like  to  aid  in  having  all 
doubtful  cases  of  sore  throat  decided  by  expert  bacteriological  examina- 
tions, and  have  all  cases  of  diphtheria  discharged  from  isolation  by  means 
of  the  same  tests,  or  after  a  prolonged  isolation  when  all  local  and  general 
symptoms  of   the  disease  have  dKavp^ured.    To  do  this  the  department 
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must  have  more  medical  agents,  and  have  its  present  medical  officers  re- 
lieved from  duties  now  performed  for  other  departments  of  the  city. 

We  have  long  since  been  satisfied  that  the  welfare  of  the  schools  and  the 
community  at  large  demands  better  protection  against  the  spread  of  conta- 
gious diseases,  and  that  through  additional  medical  agency  alone  can  we 
hope  to  give  such  protection. 

For  this  purpose  the  Board  of  Health  recommended  to  the  School  Com- 
mittee the  adoption  of  the  following  regulations  in  response  to  a  request 
from  the  School  Committee  :  — 

First :  That  no  pupil  be  admitted  to  any  public  schools  without  a  certifi- 
cate from that  such  pupil  bears  the  physical  evidence  of 

having  had  a  disease  known  as  vaccinia. 

Second  :  For  the  return  of  any  pupil  to  school  after  suffering  from  small- 
pox, scarlet  fever,  diphtheria,  measles,  or  whooping-cough,  a  certificate 

should  be  required  from that  the  pupil  has  lost  all  power  to 

communicate  to  others  the  disease  from  which  he  has  been  suffering,  and 
that  all  infected  articles  of  his  household  have  been  disinfected  to  the  sat- 
isfaction of  the  Board  of  Health.  For  the  continuance  of  any  pupil  in 
school  in  whose  family  or  in  whose  proximity  there  is  a  case  of  small- 
pox, scarlet  fever,  diphtheria,  or  measles,  or  any  undestroyed  infection  or 
contagion  from  said  diseases,  there  should  be  required  a  certificate  from 

setting  forth  the  fact  that  the  patient  is  safely  removed  from 

the  danger  of  contracting  and  of  conveying  the  disease. 

When  a  child  is  known  to  have  been  exposed  to  the  infection  of  small- 
pox, scarlet  fever,  diphtheria,  or  measles,  it  should  return  to  school  only  on 

certificate  of that  the  period  of  incubation  belonging  to  the 

disease  to  which  he  has  been  exposed  has  passed. 

Houses  Vacated. 

During  the  year  one  hundred  and  eighteen  houses  have  been  ordered 
vacated  for  various  causes,  the  chief  complaints  being  general  unsanitary 
conditions  and  want  of  repair.  These  houses  were  for  the  most  part  tene- 
ment-houses located  in  different  sections  of  the  city. 

Tenement  and  Lodging  House  Inspection. 

During  the  night  visits  of  the  inspectors  the  present  winter,  many  cases 
of  overcrowding  were  discovered  in  tenement-houses  in  the  poorer  sections 
of  the  city. 

This  the  Board  has  been  obliged  to  remedy  by  ordering  the  removal  of 
all  the  occupants  of  such  tenements,  as  it  is  obviously  impossible  for  the 
Board  to  determine  which  ones  should  be  allowed  to  remain,  and  which 
compelled  to  go.  This  difficulty,  however,  was  in  many  cases  solved  by 
the  occupants  themselves,  and  as  soon  as  the  number  of  occupants  became 
reduced  to  a  satisfactory  limit  the  Board  rescinded  \to  o?tax  to  Nt&a&fe  ^Oqa 
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premises  if  other  sanitary  requirements  were  complied  with ;  in  a  few  in- 
stances, however,  the  premises  had  to  be  entirely  vacated  before  a  satis- 
factory condition  was  reached. 

The  cheap  lodging-houses  have  been  frequently  visited,  and   in  most 
cases  all  requirements  of  the  Board  were  complied  with. 

House  to  House  Inspection. 

Whole  number  examined, 882 

Bad  odors  found  in, 83 

Defective  drains  found  in, 122 

Defective  trapping  found  in, 107 

Privy-vaults  found, 8 

Offensive  vaults  found,' 8 

Damp  or  unclean  yards, 8 

Damp  or  unclean  cellars, 14 

Using  furnaces, 190 

Furnaces  without  proper  air-supply, 18 

Using  steam-heat  or  hot  water,         .                28 

Water-closets  found  in, 377 

Offensive  water-closets  found  in, 18 

Ventilation  to  soil-pipe  or  drain  found  in, 250 

Offensive  cesspools  found, 13 

Percentage  of  defective  drains, 31.94 

Percentage  of  defective  trapping, 28.01 

Percentage  of  un ventilated  drains, 84.55 

Pollution  oj  Charles  River. 

In  the  fall  of  1892  a  complete  inspection  and  report  were  made  by  a 
corps  of  inspectors  from  this  office  of  all  the  drainage  which  was  a  source 
of  pollution  to  the  Charles  River.  This  report  includes  all  that  part  of  the 
river  located  in  Ward  25,  and  embraces  not  only  the  public  sewers  bnt 
also  all  private  drains,  the  discharges  from  which,  either  directly  or  indi- 
rectly, eventually  find  their  way  into  the  river.  At  the  time  of  inspection, 
in  1892,  there  were  232  private  drains  reported  as  discharging  directly  or 
indirectly  into  the  river. 

Public  Baths. 

The  following  table  shows  the  number  of  bathers  at  the  public  baths :  — 


• 

1 

ISM.         1898. 

1 

908,889  1   825,614 
216,947  '   181,864 

1,125,836 

1,007,478 
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Disinfection. 
The  following  tables  show  the  work  of  disinfection  during  the  year :  — 


Diphtheria,  . 

Scarlet  fever, 

Typhoid  fever, 

Measles, 

Small-pox,  . 

Infected  clothing  and  bedding, 


1,307 

2,235 

3 

17 

20 

79 


Infected  books,    • 
Infected  carriages, 
Cancer, 
Miscellaneous,     . 


23 

28 

2 

2 


Total, 3,716 

Number  of  rooms,  6,429. 


Streets, 

Places, 

Courts, 

Alleys, 

Yards, 

Vaults, 

Cellars, 

Cesspools, 

Gutters, 

Material  used 


429 

743 

564 

3,803 

17,415 

4,413 

10,656 

18,723 

11,004 


Water-closets, 
Passageways, 
Urinals, 
Vacant  lots, 
Filthy  sheds, 
Filthy  rooms, 
Sinks, 


9,522 
5,510 
389 
525 
7,509 
2,965 
9,739 


Total, 103,909 


bichloride  of  mercury,  1,550  pounds ;  chloride  of  lime,  54  casks ; 
sulphur,  31,6714  pounds ;  copperas,  22  barrels ;  and  7  barrels  of  other  disinfecting 
powder. 

Nuisances. 

The  total  number  of  nuisances  abated  during  the  year  is  8,447. 
In  addition  to  the  foregoing  there  have  been  930  complaints  investigated 
where  action  by  the  Board  was  found  to  be*  unnecessary. 


Report  of  Physician  to  the  Board  of  Health. 

There  have  been  4,332  persons  vaccinated,  and  certificates  of  vaccina- 
tion have  been  given  to  3,416  children  for  their  admission  to  the  public 
schools. 

At  the  request  of  the  Civil  Service  Commission  three  hundred  and  eighty- 
eight  men  have  been  examined  for  appointment  in  the  Police  and  in  the 
Fire  Departments. 

The  bodies  of  six  hundred  and  nineteen  persons  dying  without  a  physi- 
cian in  attendance  have  been  examined.  These  cases  comprise  principally 
those  who  die  from  chronic  diseases,  where  there  has  been  no  medical  care 
for  months  previous  to  death,  and  those  who  die  suddenly  from  natural 
causes.  In  these  a  careful  external  examination  is  made,  the  symptoms 
learned,  and  a  diagnosis,  sufficiently  accurate  for  all  practical  purposes, 
reached. 
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Ninety-six  cases  of  eruptive  disease  reported  as  small-pox  have  been 
examined.  Of  these,  twenty-six  were  found  to  be  small-pox,  and  the 
patients  —  five  men,  thirteen  women  and  eight  children  —  were  removed 
to  the  small-pox  hospital  on  Canterbury  street,  where  twenty-two  recovered. 
•The  manifest  importance  of  a  bacteriological  investigation  aB  a  means  of 
diagnosis  in  doubtful  cases  of  diphtheria  is  becoming  more  and  more  evi- 
dent, and  of  no  less  importance,  as  far  as  the  well-being  of  the  community 
is  concerned,  is  the  bacteriological  investigation  of  cases  after  apparent 
recovery  from  diphtheria.  In  an  endeavor  to  diminish  the  prevalence  of 
this  disease,  the  two  most  important  factors  are :  first,  the  recognition  of 
mild  and  doubtful  cases ;  second,  the  actual  disappearance  of  the  specific 
germs  of  the  disease,  which  can  only  be  recognized  by  means  of  a  bacteri- 
ological investigation. 

Report  of  Port  Physician. 

During  the  entire  year  all  vessels  arriving  from  the  following  ports  were 
stopped  at  this  quarantine  for  inspection :  from  all  ports  in  Europe ;  from 
the  Western,  Madeira,  Canary,  or  Cape  Verde  islands ;  from  the  Mediter- 
ranean sea  or  straits  thereof ;  from  the  west  coast  of  Africa  or  around  the 
Cape  of  Good  Hope,  and  from  Central  and  South  America. 

From  the  first  of  June,  vessels  from  the  West  India,  Bahama,  or  Bermuda 
islands,  and  Mexico  were  stopped  for  inspection. 

From  the  first  of  June  to  the  first  of  November,  all  vessels  arriving  from 
any  port  in  the  United  States  south  of  Virginia  were  inspected  at  this  quar- 
antine. 

Eight  hundred  and  sixty-one  vessels  were  boarded  during  the  year. 

Number  of  vessels  disinfected,  eight ;  one  of  which  was  a  schooner  and 
the  remainder  were  steamers. 

Number  of  persons  removed  from  vessels  for  sickness,  seventeen. 

Number  of  persons  vaccinated,  2,855. 

The  new  bath-house  and  disinfecting  cylinder  were  used  for  the  first 
time  April  1,  and  they  both  worked  satisfactorily. 

Report  of  Inspector  at  Abattoir. 

Animals  Killed, 
Cattle, 34,521 

Calves, 6,540 

Sheep, 63,029 

Total, 104,090 
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Animals  Condemned. 

Number. 

Weight 

Pounds. 

Cows,    .... 

29 

12,437 

Steers,  .... 

4 

3,140 

Bulls,     . 

2 

1,700 

Calves,  . 

6 

270 

Sheep,   .... 

3 

130 

Parts  of  animals,  . 

»        •        .        .   %    •        .        • 

- 

2,500 

Total,     . 

44 

20,177 

Tuberculosis. 

Fifty  cases  of  tuberculosis  were  detected  among  adult  cattle. 
The  following  table  shows  the  percentage  of  tuberculosis  among  cattle 
killed  with  the  intention  of  being  used  for  food :  — 


Clam  of  Animals. 

Number 
Received. 

Tuberculosis. 

Percentage. 

Whole  number  of  all  kinds,     .... 

34,521 

50 

0.14 

Cows  from  eastern  states,         .... 

2,014 

44 

2.18 

Cows  from  western  states,        .... 

- 

3 

- 

Cows  known  to  be  from  Massachusetts,  . 

1,350 

39 

2.88 

Steers  from  western  states,       .... 

— 

- 

- 

Oxen  from  eastern  states,         .... 

- 

2 

- 

1 

- 

Inspection  of  Cattle. 

The  work  of  inspection  of  cows,  as  provided  for  by  the  Board  of  Health, 
and  subsequently  made  compulsory  upon  cattle  in  general  by  an  act  of  the 
legislature,  has  been  continued  during  the  past  year.  There  are  within  the 
city  limits  about  2,400  cattle,  distributed  in  about  690  barns ;  all  of  these 
have  been  visited  and  the  cattle  in  each,  whether  new  or  old,  have  been 
examined.  Of  the  above-mentioned  animals,  seven  have  been  pronounced 
suspicious,  and  the  State  Board  of  Cattle  Commissioners  notified  that  the 
same  had  been  isolated.  In  making  the  above  examinations,  cattle  have 
been  found  existing  in  all  conditions  and  places.  There  are  within  the 
city  limits  people  keeping  a  few  cows,  from  two  \a^«£^^\u&Vw*t^\»^a 
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slightest  idea  of  cleanliness,  and  practise  little  or  none  in  the  production  of 
milk.  Unfortunately  a  great  many  of  such  people  are  dependent  on  the 
sale  of  milk  for  a  livelihood. 

Bradford. 

One  case  of  tuberculosis  has  been  reported,  which  was  at  once  sent  to 
the  Cattle  Commissioners,  and  the  cow  isolated  as  required  by  them  and 
was,  after  examination  by  them,  ordered  to  be  killed. 

The  following  regulation  was  drawn  up  and  accepted  by  the  Board  and 
posted  by  them  in  accordance  with  the  Public  Statutes. 

Regulation  40  :  No  person  shall  keep  swine  or  goats  within  the  compact 
part  of  the  town  without  a  license  from  the  Board  of  Health ;  and  no  swine 
shall  be  kept  within  three  rods  of  any  dwelling  elsewhere. 

There  have  been  seventy  houses  where  new  plumbing  has  been  done,  and 
the  inspector  has  thoroughly  examined  and  accepted  the  same. 

It  is  our  advice  that  the  town  employ  responsible  parties,  who  shall,  at 
stated  intervals,  collect  the  ashes  and  take  charge  of  the  dumping  places, 
and  that  a  contract  be  made  with  some  responsible  party  to  collect  the  swill 
and  garbage  as  often  as  twice  a  week. 

Braintree. 

By  provision  of  law  in  towns  not  having  a  Board  of  Health,  the  select- 
men act  as  such,  having  all  the  authority  bestowed  upon  such  Board.  As 
the  town  is  becoming  more  densely  populated,  stricter  attention  should  be 
paid  to  the  sanitary  conditions. 

We  believe  that  the  carrying  of  curtains  or  canopies  from  house  to  house 
as  is  sometimes  the  custom  of  funeral  undertakers  is  a  frequent  source  of 
contagion,  and  the  practice  should  be  discountenanced. 

Brocktoh. 

The  following  is  a  list  of  the  principal  complaints  and  nuisances  investi- 
gated during  the  year  :  — 

Defective  cess-pools, 102 

Defective  vaults, 65 

Filthy  yards, ■  115 

Houses  placarded, 126 

The  number  of  loads  of  cess-pool  matter  removed  by  the  excavator 
wagons  the  past  year  was  12,210;  the  number  of  loads  of  night-soil  re- 
moved was  3,099  ;  the  number  of  loads  of  ashes  removed  was  5,444. 

The  Sewerage  Commissioners  have  completed  the  part  of  the  work  laid 
out  for  the  year  1893,  and,  if  as  successful  in  carrying  out  their  plans  for 
sewering  the  streets,  will  be  able  to  take  care  of  the  sewage  of  the  business 
part  of  the  city  the  commg  -j^at. 
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A  requisition  was  made  upon  the  Civil  Service  Board  of  Examiners  for 
a  list  of  plumbers  qualified  for  the  position  of  inspector  of  plumbing. 
The  names  of  three  persons  qualified  to  fill  the  position  were  certified  to  this 
Board,  and  one  was  selected  and  appointed  by  the  Board  as  inspector  of 
plumbing. 

Brookline. 

The  number  of  deaths  reported  from  tuberculosis  during  the  year  (thirty, 
or  over  12.5  per  cent,  of  all  the  deaths,  occurring  principally  as  consump- 
tion) ,  shows  the  need  on  the  part  of  the  public  of  a  clearer  understanding 
of  the  preventable  nature  of  this  too  common  disease.  It  may  not  be  out 
of  place  to  emphasize  the  fact  that  pulmonary  tuberculosis  (consumption) 
is  absolutely  proven  to  be  a  communicable  disease,  and  quite  easily  com- 
municated when  the  person  exposed  to  it  has  his  vitality  depressed  by  such 
influences  as  foul  air,  indoor  occupation,  food  poor  in  quality  or  insufficient 
in  quality,  bad  ventilation,  certain  climatic  conditions  and  especially  fatigue 
from  nursing  a  consumptive. 

In  April,  the  following  order  was  passed  :  — 

Ordered,  That  in  case  of  death,  when  the  deceased  has  not  been  attended  by  a 
physician,  the  certificate  of  death  shall  be  issued  by  the  Medical  Examiner. 

The  public  swimming-bath  on  Boylston  street  was  open  as  usual  during 
June,  July,  August  and  September.  Early  in  the  season  the  portion  of  the 
brook  above  the  bath-house  was  inspected  and  cleaned  out,  and  measures 
were  taken  to  prevent  pollution  of  the  stream.  Some  necessary  repairs 
were  made  on  the  bath-house  to  enable  it  to  be  used  a  little  longer.  Supt. 
Dillon  reports  that  during  the  season  9,790  baths  were  taken,  an  increase 
of  2,101  over  the  previous  year.  Neither  accidents  nor  illness  have  been 
reported,  and  many  boys  have  learned  to  swim. 

The  importance,  as  a  health  measure,  of  frequent  bathing  in  hot  weather, 
and  the  great  value  of  a  public  swimming-bath,  both  as  a  means  of  physi- 
cal culture  and  of  acquiring  an  art  the  possession  of  which  saves  many 
lives,  can  hardly  be  overestimated.  The  recommendation  made  last  year 
by  the  committee  on  the  bath-house  is  renewed,  namely,  that  a  more  com- 
modious swimming-bath  be  constructed. 

The  occasional  need  of  a  suitable  building,  owned  by  the  town,  for  per- 
sons taken  ill  with  diphtheria,  scarlet  fever  or  other  dangerous  contagious 
diseases  (except  small-pox)  and  having  no  home  here,  has  received  careful 
attention  and  it  was 

Voted,  That  in  the  opinion  of  the  Board,  it  is  necessary  to  erect  a  separate  build- 
ing upon  land  owned  by  the  town,  adjacent  to  the  almshouse,  for  the  care  and 
treatment  of  patients  with  contagious  diseases. 


i 


156  STATE  BOARD  OP  HEALTH.         [Pub.  Doc. 

The  emergency  hospital  for  cases  of  small-pox,  built  by  the  Board  in 
1885,  and  fortunately  never  needed  until  1893,  was  put  in  condition  for 
patients,  and,  most  important  of  all,  ample  facilities  were  provided  for 
free  vaccination. 

Of  the  nine  hundred  and  seventy-five  persons  who  received  free  vaccina- 
tion between  December  1  and  January  31,  a  very  large  proportion  were 
natives  of  the  British  Provinces  and  never  previously  vaccinated.  A  num- 
ber of  alleged  cases  of  small-pox,  and  of  persons  reliably  reported  at  re- 
cently exposed  to  that  disease,  were  promptly  but  quietly  investigated  by 
the  Board,  and  all  necessary  precautions  were  taken  in  each  case. 

Cambridge. 
Complaints  and  nuisances  investigated  during  the  year :  — 

Full,  overflowing  and  offensive  privy  vaults,        ....  788 

Offensive  and  defective  water-closets, 28 

Defective  drainage,  open  and  broken  drains,  etc.,         ...  61 

Filthy  yards, 118 

Number  of  inspections  made, 6,368 

Number  of  subsequent  inspections, 4,020 

Total 10,388 

Number  of  notices  issued  and  recorded, 1,070 

Number  of  visits  to  premises  where  contagious  diseases  oc- 
curred during  the  year, 1,644 

The  various  dumps  throughout  the  city  have  caused  considerable  annoy- 
ance and  given  rise  to  many  complaints  during  the  year.  With  a  view  to 
a  more  thorough  control  of  the  persons  using  these  dumps  and  for  the  pre- 
vention of  the  deposit  of  improper  material  on  them,  the  Board  decided  to 
employ  a  mounted  police  officer  for  as  long  a  time  as  the  appropriation  at 
their  disposal  would  permit.  The  short  experience  the  Board  has  had  with 
this  means  of  prevention,  has  convinced  it  of  its  value. 

Owing  to  the  occurrence  of  some  cases  of  small-pox  in  neighboring 
places,  the  Board  decided  to  open  three  stations  for  free  vaccination.  Fol- 
lowing is  a  list  of  vaccinations  done  up  to  the  close  of  the  year :  —  Station 
One,  seventy-one ;  Station  Two,  two  hundred  and  four ;  Station  Three, 
one  hundred  and  fourteen. 

An  unusual  prevalence  of  scarlet  fever,  or  of  diphtheria,  always  raises  a 
question  of  the  expediency  of  closing  the  public  schools.  Setting  aside 
the  fact  that  Boards  of  Health  have  not  this  power,  it  does  not  appear  as 
if  such  a  proceeding  would  answer  any  useful  purpose  in  the  majority  of 
cases  in  such  a  city  as  Cambridge.  Any  plan  calculated  to  control  effec- 
tively the  spread  of  such  diseases  as  scarlet  fever  and  diphtheria  mast  in- 
clude the  following  measures %.  — 
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1.  Isolation.  Hospital  accommodation  will  be  required  for  those  cases 
which  cannot  be  properly  isolated  at  home. 

2.  Disinfection.  Carpets,  bedding,  clothing  and  such  like  articles  can 
be  disinfected  by  steam.     This  requires  a  proper  plant. 

8.  Articles  of  little  value  that  have  been  exposed  to  contamination 
should  be  burned. 

4.  The  floor  and  woodwork  of  rooms  should  be  well  scrubbed  with  soap 
and  hot  water.  Walls,  ceilings,  chairs,  bedsteads  and  such  other  pieces  of 
furniture  should  be  thoroughly  wiped  with  damp  cloths,  and  the  cloths 
burned. 

5.  Windows  should  be  left  open  for  several  days.  Fresh  air  and  sun- 
light are  among  the  most  effective  of  purifiers 

Burning  sulphur,  or  the  evolution  of  chlorine  fumes,  is  a  useful  adjunct, 
but  they  cannot  take  the  place  of  the  measures  mentioned  above,  and  to 
rely  on  them  is,  in  our  opinion,  a  grave  mistake.  Disinfection  means  a 
process  by  which  disease-producing  micro-organisms  are  killed.  It  does 
not  mean  deodorization,  nor  does  it  mean  the  substitution  of  one  smell  for 
another  smell.  It  is  one  thing  to  kill  germs  in  a  test  tube ;  to  do  this  in  a 
room  with  all  its  cracks  and  corners  and  its  unavoidable  leakage  is  a  very 
different  business. 

The  mortality  per  1,000  living,  at  all  ages,  was  19.72. 

Chelsea. 
Under  the  act  of  1890,  which  was  accepted  by  the  city  council,  three 
hundred  and  sixty-eight  privies  have  been  abolished  this  year,  and  the  work 
will  be  continued  the  coming  year,  where,  in  the  judgment  of  the  Board,  it 
is  necessary. 

Owing  to  the  breaking  out  of  small-pox  in  Boston  it  was  thought  best, 
as  a  precaution,  to  advertise  free  vaccination,  which  began  the  twentieth  of 
December. 

Concord. 

It  was  thought  best  by  the  Board,  after  careful  consideration,  to  stop  all 
direct  drainage  into  the  river  in  this  town. 

Regulations  were  made  by  the  Board  relative  to  school  attendance  in 
time  of  prevalence  of  infectious  diseases. 

There  have  been  two  cases  of  glanders  in  this  town  the  past  year.  In 
both  of  these  cases  the  horses  have  been  killed  as  soon  as  a  positive  diag- 
nosis was  given  by  the  attending  veterinary. 

We  make  the  following  recommendations,  and  hope  the  town  will  take 
action  on  the  same  :  — 

That  a  system  of  sewage  disposal  of  some  kind  other  than  the  present 
be  put  in  at  once. 

That  some  suitable  piece  of  land  be  bought  by  the  town  to  be  ue^d  Vs^ 
the  inhabitants  of  this  town  as  a  dump.     Some  \Aacfc  *\iwi\&\*>  ^fts*sm*& 
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far  enough  away  from  the  centre  of  the  town,  off  from  the  main  roads,  to 
which  every  one  should  cart  his  rubbish,  ashes,  tin  cans,  etc.  No  garb- 
age of  any  kind  should  be  allowed  to  be  dumped  there,  and  the  place 
should  be  burned  over  once  or  twice  a  year.  The  places  now  used  are 
unsightly,  if  not  dangerous  to  public  health. 

That  the  board  of  health  of  this  town  consist  of  three  members,  one  of 
whom  to  be  elected  annually,  to  serve  three  years,  to  be  separate  and  dis- 
tinct from  the  selectmen. 

Cottage  City. 

During  last  August  our  attention  was  called  to  the  condition  of  the 
waters  of  Lake  Anthony.  On  investigation  we  found  the  opening  through 
the  beach  to  the  sea  nearly  closed,  and  the  water  becoming  stagnant  had 
allowed  the  sea-grass  and  moss  to  grow  in  large  quantity.  Although  not 
unhealthy,  it  has  an  unpleasant  odor,  and  renders  unsightly  what  is  other- 
wise a  beautiful  sheet  of  water.  We  recommend  the  appropriation  of  a 
sum  not  exceeding  one  hundred  dollars  for  the  purpose  of  cleaning  the 
shore  of  the  lake  and  maintaining  a  sufficient  opening  to  the  sea. 

To  conform  to  the  requirements  of  chapter  195  of  the  Acts  and  Resolves 
of  the  year  1892  we  appointed  an  inspector  of  provisions  and  of  animals 
intended  for  slaughter  or  kept  for  the  production  of  milk. 

Dedham. 

There  has  been  a  great  increase  in  the  scarlet  fever  cases  over  previous 
years.  Considerable  care  has  been  taken  by  the  Board  to  prevent  the 
spread  of  this  disease,  and  the  scattered  and  wide  range  of  the  cases  ren- 
dered it  practically  impossible  for  the  Board  to  anticipate  results.  Many 
of  the  cases  were  traced  by  the  attending  physician  to  outside  sources,  and 
beyond  the  control  of  the  Board.  It  has  been  found  almost  impossible,  in 
some  cases,  to  make  the  parents  understand  the  value  of  implicitly  follow- 
ing the  instructions  given  by  the  attending  physician,  and  in  one  case  it 
became  necessary  to  enforce  directions  by  means  of  an  officer.  The  three 
deaths  were  all  in  one  family  where  the  cases  were  severest. 

The  reporting  of  the  cases  of  measles  has  heretofore  not  been  insisted 
upon.  The  value  of  such  a  report  is  chiefly  for  the  use  of  the  superin- 
tendent of  schools  in  relation  to  attendance  of  pupils  afflicted  or  exposed 
to  this  disease. 

A  large  proportion  of  the  complaints  made  to  the  Board  during  the 
previous  year  were  from  the  keeping  of  swine  in  the  more  thickly-settled 
portion  of  the  village.  It  was  found  difficult  to  allow  the  keeping  of  swine 
in  certain  localities  without  their  being  a  nuisance.  In  consequence  the 
Board  adopted  the  regulations  now  in  force,  prohibiting  the  keeping  of 
swine  within  the  more  settled  portions  of  the  village,  with  the  result  that 
the  complaints  and  nuisancer  ttom  W\\&  fcowxfcfc  was&d.    Under  the  present 
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idea  that  swine  must  be  kept  in  filth  and  mire  the  Board  believes  that  the 
prohibition  of  their  keeping  in  the  closely-settled  portions  of  the  town  is 
the  only  method  whereby  this  nuisance  can  be  disposed  of  satisfactorily. 

The  town  must,  at  a  very  early  date,  take  the  question  of  sewerage 
seriously  under  consideration.  Each  year  the  demand  grows  more  impera- 
tive. It  needs  but  the  inspection  of  a  majority  of  cess-pools  in  this  town 
to  convince  one  of  the  necessity  of  a  more  sanitary  and  efficient  method. 
The  cost  of  caring  for  these  unsightly  and  unsanitary  receptacles  is  as 
great,  if  not  greater,  than  would  be  the  expense  to  the  town  of  an  efficient 
sewerage  system.  Many  cess-pools  are  becoming  choked  up,  and  are 
merely  cisterns  to  be  cleaned  out  often  at  great  expense  and  discomfort, 
or  else  allowed  to  overflow  as  a  continual  menace  to  health.  It  is  earnestly 
hoped  that  the  town  will  take  immediate  action  in  relation  to  the  sewerage 
question. 

In  accordance  with  chapter  477  of  the  Acts  of  1893  the  Board  has  pre- 
pared a  set  of  by-laws  for  the  consideration  of  the  town  in  relation  to  the 
regulation  of  plumbing  and  plumbers. 

A  matter  of  considerable  importance  has  been  brought  before  the  Board 
this  year  in  relation  to  the  better  drainage  of  Wigwam  meadows  and  Little 
Wigwam  swamp.  This  subject  has  been  before  the  town  for  many  years, 
and  has  been  reported  on  by  previous  boards  of  health  and  committees. 
While  such  reports  have  been  unanimously  in  favor  of  improving  this 
drainage,  little  has  been  done  in  this  direction  except  to  clear  a  ditch  from 
Wigwam  pond  to  the  river.  After  a  hearing  and  careful  examination  of 
the  locality  in  company  with  some  of  the  petitioners  the  Board  decided 
that  a  careful  survey  and  thorough  examination  of  the  swamps  and  facili- 
ties for  better  drainage  should  be  made  as  a  guide  for  a  proper  considera- 
tion of  the  subject.  In  accordance  with  this,  plans  and  a  report  with 
estimates  have  been  prepared  which  treat  the  whole  matter  in  an  exhaustive 
and  thorough  manner.     This  report  is  annexed  to  the  report  of  the  Board. 

East  Bridgewater. 

The  Board  has  visited  several  scarlet  fever  cases  this  year,  and  has  seen 
to  it  that  no  persons  passed  in  and  out  of  the  houses  where  such  cases 
existed,  except  those  who  were  absolutely  obliged  to  do  so.  We  have, 
also,  visited  several  horses,  and  have  condemned  one  as  affected  with 
glanders  and  ordered  him  disposed  of.  We  have  also  examined  and  quar- 
antined several  tuberculous  cattle,  and  shall  see  that  they  are  also  properly 
disposed  of  before  their  milk  and  flesh  have  infected  healthy  human  beings. 
The  Board  has  also  corrected  several  extreme  nuisances. 

Easthampton. 
There  have  been  comparatively  few  complaints  of  the  existence  of  nui- 
sances as  compared  with  former  years.     PeopVft  ££\i«t3&3  «s\ftRfc^t«^!ftr 
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ness  to  comply  with  the  requirements  of  the  Board,  and  seem  to  more 
generally  realize  that  it  is  for  their  own  benefit  to  keep  their  premises  in  a 
neat  and  cleanly  manner. 

With  the  contemplated  and  partially  constructed  sewer  system  and  the 
introduction  of  an  abundance  of  pure  water  into  more  general  use  we  are 
confident  that  the  appearance  of  contagious  diseases  will  be  greatly 
lessened. 

Everett. 

The  city  has  been  remarkably  free  from  summer  diseases  of  children. 
There  was  an  increase  in  the  number  of  cases  of  some  of  the  zymotic 
diseases.  Cards  have  been  put  on  the  houses  wherever  there  was  a  case 
of  diphtheria  or  scarlet  fever,  and  notice  sent  to  the  school  committee, 
public  library  and  State  Board  of  Health. 

Everett  is  a  city  of  new  houses.  It  will  be  a  matter  of  a  great  deal  of 
public  importance  to  learn  how  many  persons  become  sick  with  consump- 
tion while  living  in  these  new  dwellings,  or,  in  case  of  death  from  that 
disease,  to  learn  if  the  person  was  afflicted  before  coming  here.  The 
Board  has  taken  steps  to  obtain,  as  far  as  possible,  and  record  these 
facts. 

The  Board  has  fumigated  houses  after  contagious  diseases  when  requested 
to  do  so.  As  the  disinfecting  done  by  householders  is,  in  most  cases, 
worse  than  useless,  since  it  is  often  thought  that  the  burning  of  one  or  two 
ounces  of  sulphur  has  destroyed  all  germs  and  no  further  precautions  are 
necessary,  the  Board  voted  that,  beginning  with  Jan.  1,  1894,  all  houses 
where  contagious  diseases  had  occurred  should  be  disinfected  by,  or  under, 
the  personal  direction  of  the  Board  or  its  agent. 

Fall  River. 

It  is  especially  gratifying  to  note  that  the  exceptional  decrease  in  typhoid 
fever  cases  observed  in  the  returns  for  the  year  1892  has  been  maintained 
during  the  year  1893.  The  sanitary  education  of  our  citizens  is  undoubt- 
edly making  great  improvement.  The  limitation  of  the  spread  of  contagious 
diseases  has  been  helped  very  much  by  the  fact  that  early  in  the  year  this 
Board  adopted  the  system  of  immediately  placarding  every  house  in  which 
a  case  of  scarlet  fever  or  diphtheria  was  reported  to  exist,  and  ordering 
that  the  cards  remain  in  place  until  two  weeks  after  the  recovery,  removal 
or  death  of  such  patient  or  patients.  We  would  recommend  that,  even 
though  we  have  no  reason  to  be  apprehensive  of  a  cholera  visitation,  a 
house-to-house  inspection  every  spring  would  result  in  a  benefit  to  the 
public  health,  fully  justifying  the  necessary  outlay.  It  is  our  opinion  that 
provision  should  at  once  be  made  for  an  annual  visitation  of  this  kind. 
We  know  that  such  a  yearly  stirring  up  and  cleaning  of  the  city  is  abso- 
lutely  necessary.    Experience  \mv&  \fc\x%\x\>  wa  \foa&  it  is  only  by  such  system- 
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atic  inspections,  the  sources  of  all  nuisances  can  be  successfully  located 
and  the  city  kept  in  a  thorough  sanitary  condition. 

Number  of  live  cattle  examined, 1,325 

Number  of  live  cattle  examined  and  reported  as  unfit  for  food  or  food 

supply, 6 

Number  of  meat  carcasses  examined, 26 

Number  of  meat  carcasses  examined  and  destroyed, 15 

The  following  is  a  summary  of  the  work  accomplished  in  the  office  of  the 
Inspector  of  Plumbing  during  the  year  just  ended :  — 

Number  of  plans  filed, 471 

Number  of  new  houses, 268 

Number  of  reconstructions, 208 

Number  of  approvals, 425 

Number  of  inspections, 1,899 

FlTCHBURG. 

During  the  past  year  the  city  has  been  visited  with  one  of  the  most  ex- 
tensive epidemics  of  measles  in  its  history,  there  being  592  cases  reported 
to  the  Board.  The  disease  was  not  of  a  severe  form,  and  the  number  re- 
ported did  not  express  the  total  number  of  cases.  It  began  in  January 
and  rapidly  increased  until  May,  when  270  cases  were  reported.  It  as 
rapidly  declined  during  the  summer,  and  in  August  only  one  case  was 
reported. 

In  regard  to  diphtheria  the  number  of  cases  was  ten,  and  was  below  the 
average  for  the  past  four  years,  during  which  time  the  records  have  been 
carefully  kept,  the  average  being  14.5  for  the  period.  The  cases  showed 
a  milder  form  than  usual,  there  being  only  three  deaths,  one  of  which  was 
called  croup.  The  largest  number  of  cases  occurred  in  the  first  three 
months  of  the  year,  conforming  to  the  average  for  four  years. 

There  were  twenty -eight  cases  of  scarlet  fever  reported,  as  compared 
with  fifty-one  for  1892,  and  an  average  of  sixty  cases  for  the  four-year 
period.  The  cases  were  unusually  light,  no  deaths  from  the  disease  being 
recorded.  The  largest  number  of  cases  reported  was  in  June.  This  does 
not  conform  to  the  average  for  four  years,  during  which  time  the  largest 
number  of  cases  have  been  reported  during  the  first  months  of  the  year, 
February  showing  the  largest  number  of  any  single  month. 

During  the  year  just  past  there  have  been  twenty-three  cases  of  typhoid 
fever  reported,  the  largest  number  for  four  years,  and  six  more  than  in 
1892,  when  seventeen  cases  were  reported.  There  were  four  deaths  re- 
ported as  compared  with  none  for  1892.  The  largest  number  of  cases 
occurred  in  September.     A  comparison  ot  the  iwsotfo  lox  Xtafc  Varcat  ^»x% 
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past  shows  but  few  cases  occurring  during  the  first  six  months  of  •  the  year, 
July,  September,  October  and  November  showing  the  largest  number. 

The  house-offal  teams  have  been  continued  in  the  work  of  collecting 
swill  as  in  the  previous  four  years,  doing  good  work  in  promoting  cleanli- 
ness of  the  city.  During  the  past  year  363  cords  of  house  offal  have  been 
collected  and  carried  to  the  place  of  deposit. 

The  rules  relating  to  plumbing  have  been  carefully  revised  to  keep  pace 
with  the  science  of  plumbing  and  house  drainage.  The  result  of  the  work 
of  the  Board  for  the  past  year  shows  a  vast  improvement  in  the  quality  of 
plumbing  work,  and  still  better  results  are  hoped  for  the  coming  year. 

Complaints  received, 272 

Privy  vaults  discontinued, 114 

Plumbing  jobs  inspected, 362 

New  water-closets  inspected, 513 

Houses  fumigated  or  instruction  given, 181 

Fkamingham. 

Fifty-five  complaints  of  existing  nuisances  have  been  made  to  the  Board 
during  the  past  year,  all  of  which  have  been  attended  to  and  abated  as  far 
as  was  thought  best.  The  owners  of  fifty-three  tenements  have  been 
ordered  to  connect  them  with  the  public  sewer. 

Gardner. 

Realizing  the  great  importance  of  milk  as  an  article  of  food,  early  dur- 
ing the  past  season  we  requested  the  co-operation  of  some  of  our  neighbor- 
ing towns  in  a  closer  inspection  of  the  milk  that  was  being  delivered  in  this 
town ;  failing  in  this,  we  would  recommend  that  no  person  be  granted  a 
license  to  sell  milk  in  Gardner  unless  such  person  furnish  an  acceptable 
certificate  of  cattle  inspection. 

The  work  of  the  cattle  inspectors  during  the  year  has  added  much 
toward  the  improvement  of  the  milk.  They  examined  thirty-three  herds, 
three  herds  more  than  last  year.  Some  cows  were  examined  five  times. 
The  inspectors  condemned  and  caused  to  be  killed  eight  cows,  and  con- 
demned four  carcasses.  At  the  present  time  all  the  cows  in  town  are 
considered  in  very  good  condition. 

We  would  earnestly  recommend  to  every  family  who  depend  on  wells  for 
their  supply,  or  for  the  supply  of  their  cattle,  to  use  the  greatest  possible 
care  of  their  wells,  and  avoid  all  possible  contamination  from  cesspools, 
water-closets  and  barns,  or  other  filthy  matter.  By  doing  so  they  will  in  a 
great  measure  protect  themselves  from  typhoid  fever. 

We"  have  to  report  quite  an  extensive  epidemic  of  typhoid  fever,  but 
rather  mild  in  its  character,  and  fortunately  resulting  in  only  one  death. 
We  believe  that  had  the  Board  known  earlier  the  existing  circumstances 
this  epidemic  might  have  been  &omewYffi&  VastewsA.    &a  aoon  as  the  Board 
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investigated  and  found  the  source  of  infection  the  epidemic  was  confined 
to  a  very  small  radius,  and  soon  brought  under  control.  It  resulted  from 
impure  milk  occasioned  by  impure  water. 

Gloucester. 

One  hundred  and  ninety-three  nuisances  received  attention.  All  bona 
fide  nuisances  have  been  abated  where  possible,  but  in  a  city  without 
sewerage  it  is  occasionally  advisable  to  be  very  lenient,  especially  where 
some  neighboring  quarrel  seems  to  have  been  the  animus  of  the  complaint, 
which  sometimes  appears  to  be  the  case. 

If  sewerage  is  not  soon  adopted  the  city  must  resort  to  some  method  less 
objectionable  than  the  present  method  of  disposing  of  night-soil  and  sink- 
waste. 

Great  Baruington. 

During  the  year  the  selectmen,  acting  as  a  board  of  health,  have  been 
notified  of  twenty-seven  cases  of  scarlet- fever,  of  which  but  one  proved 
fatal ;  and  four  cases  of  diphtheria,  of  which  number  two  cases  proved 
fatal.  The  board  adopted  the  usual  sanitary  measures  of  precaution  in 
such  cases.  We  believe  that  the  cause  of  many  of  these  cases  exists  in  the 
carelessness  on  the  part  of  individual  families  in  the  disposal  of  garbage  and 
neglect  to  keep  the  dwellings  properly  cleaned.  Dirt  and  refuse  matter  are 
two  great  enemies  to  public  health,  and  we  cannot  urge  too  strongly  the 
importance  of  an  observation  of  the  utmost  care  in  these  measures. 

Greenfield. 
The  Board  feels  that  the  most  important  matter  they  have  to  recommend 
to  the  careful  consideration  of  the  town  is  the  subject  of  sewers.  This  is  a 
very  broad  subject  and  diflicult  and  impossible  for  us  to  treat  in  the  thor- 
ough manner  that  it  demands.  Our  present  system,  if  system  it  can  be 
called,  is  totally  inadequate  for  the  needs  of  our  growing  town ;  many  sec- 
tions are  entirely  unprovided  for,  and  many  other  sections  where  there 
already  is  a  public  sewer,  suffer  great  expense  and  inconvenience  at  the 
time  of  a  heavy  rainfall,  owiug  to  the  inability  of  the  tile  to  carry  off  the 
large  amount  of  surface  water  that  is  thrown  into  it,  and  in  consequence 
cellars  are  flooded.  This  difficulty  is  experienced  more  or  less  throughout 
the  whole  town  and  sooner  or  later  the  surface  water  will  have  to  be  taken 
care  of  in  some  other  way. 

Haverhill. 
The  appointment  of  an  inspector  of  plumbing  has  been  a  great  relief  to 
the  agent,  and  great  public  good  will  be  the  outcome,  for,  as  we  have 
already  stated  in  previous  reports,  it  is  found  impossible  for  the  agent,  in 
addition  to  his  other  duties,  to  give  this  branch  of  the  sanitary  service,  so 
extremely  important,  the  attention  and  careful  supervision  that  it  skssaSA. 
have.     Plumbers  are  now  required  to  teat  tYieAi  ^ot^l  \yj  ^*X«x  \tt<£8»«Ks>  ^^ 
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the  presence  of  the  inspector,  which  gives  a  much  more  thorough  and  satis- 
factory inspection.  The  record  shows  that  three  hundred  jobs  of  plumbing 
(new  and  remodelled)  have  been  inspected  last  year. 

Nuisances  Investigated  During  the  Tear. 

Garbage  collected,  loads, 1,320 

House  sewerage  defective, 42 

Plumbing  defective, 90 

Privy-vaults  full  and  offensive, 138 

Privy-vaults  cleaned, 300 

Privy-vaults  removed, 142 

Whole  number  of  privy-vaults  removed  since  1888,       .        .        .  1,002 

The  general  health  of  the  city  during  the  year  has  been  excellent.  No 
fatal  epidemic  has  visited  the  city. 

The  faithfulness  and  care  with  which  contagious  diseases  are  reported  by 
physicians  speak  well  for  the  interest  in  their  profession  and  in  the  public 
welfare.  Notwithstanding  the  wide  publicity  that  has  been  given  to  the  law 
that  requires  householders  as  well  as  physicians  to  report  dangerous  con- 
tagious diseases  to  the  Board  of  Health,  some  cases  occur  where  the  disease 
is  so  mild  that  the  children  are  hardly  considered  ill  enough  to  be  pat  to 
bed,  and  consequently  no  physician  is  called  and  no  report  comes  to  the 
Board.  Thus  no  efforts  are  made  to  prevent  its  spread,  and  great  damage 
is  liable  to  be  done  in  consequence  by  spreading  the  disease  in  the  neigh- 
borhood in  a  malignant  form. 

Hingham. 

Early  in  August,  complaints  having  reached  the  Board  regarding  a  tallow 
factory  at  Fort  Hill,  representatives  of  the  Board  visited  the  establishment, 
which  they  found  in  a  filthy  condition. 

The  business  seemed  necessarily  to  give  rise  to  offensive  odors,  and 
although  the  health  of  the  community  should  always  be  paramount  to  the 
pecuniary  interest  of  any  individual  or  firm,  at  the  earnest  request  of  the 
proprietor  a  further  time  was  granted  on  the  plea  that  the  business  had  but 
recently  been  established  and  the  firm  had  been  unable  to  put  their  manu- 
factory into  proper  shape.  The  claim  was  also  made  by  the  proprietors 
that  they,  by  undergoing  a  larger  expense,  could  use  apparatus  by  which 
all  offensive  odors  would  be  destroyed.  They  promised  to  introduce  such 
machinery  at  once,  and  an  opportunity  was  given  them  to  make  such 
changes. 

The  establishment  was  several  times  visited  by  members  of  the  Board,  to 

watch  the  results  of  any  changes  made  by  the  proprietors.     On  September 

22,  no  better  results  having  been  obtained,  the  business  was  declared  a 

nuisance  by  this  Board,  and  they  were  ordered  to  close  their  works  at  once, 

which  order  was  promptly  obeyeA. 


i 
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HOLTOKE. 

The  past  year  throughout  the  city  has  been  fairly  healthy.  None  of  the 
contagious  diseases  have  prevailed  at  any  time  to  an  alarming  extent. 
Although  there  were  numerous  cases  of  diphtheria  and  scarlet  fever  during 
the  first  four  months  of  the  municipal  year  just  ended  the  number  of  cases 
during  the  rest  of  the  year  and  at  present  is  much  below  the  average. 

Small-pox  again  appeared  in  our  midst  during  the  month  of  September. 
Although  limited  to  a  single  block,  it  attacked  three  persons,  all  of  whom 
recovered  after  a  more  or  less  protracted  stay  at  the  pest-house.  Here 
again  the  city  physician  desires  to  call  your  attention  to,  and  to  emphasize 
a  recommendation  of  the  Board  of  Health,  viz.,  that  there  be  a  general 
vaccination.  The  Board  of  Health  calls  your  attention  to  a  deficiency  in 
the  heating  apparatus  at  the  pest-house.  That  such  a  deficiency  exists 
was  only  too  apparent  during  the  stay  of  the  recent  cases,  and,  added  to 
this,  was  a  failure  in  the  water  supply.  The  water  at  the  pest-house,  ob- 
tained from  a  well  sunk  beneath  the  kitchen,  has  always  been  of  a  very 
poor  quality,  but  this  year  it  became  so  impure  it  had  to  be  discarded  even 
for  washing  purposes. 

We  have  been  remarkably  free  from  typhoid  fever  during  the  entire 
year. 

The  Board  this  year  as  heretofore  recommends  that  all  the  alleys  be 
graded,  and  that  those  between  our  principal  business  streets,  through 
which  heavy  truck-teams  pass,  be  paved  with  stone,  brick  or  any  other 
material  which  seems  proper. 

Hudson. 

The  greatly  increased  number  of  calls  to  look  after  nuisances  caused  by 
the  disposal  of  waste  water,  has  convinced  the  Board  that  the  time  has 
come  when  the  town  ought  to  take  initial  action  with  regard  to  a  system  of 
sewerage.  When  all  the  water  used  by  consumers  is  pumped  or  drawn 
from  wells,  the  quantity  used  may  be  easily  disposed  of  in  cesspools,  and 
taken  care  of  by  the  surrounding  earth  without  danger  of  infection,  if  the 
cesspools  are  emptied  and  cleaned  periodically.  Or,  if  the  waste  water  is 
discharged  into  natural  waterways,  it  may  cause  no  nuisance  in  a  sparsely 
settled  locality,  or  if  there  are  only  a  few  discharge  pipes.  But,  when  an 
abundant  supply  is  furnished  by  the  town  water-works,  and  its  use  is  almost 
universal,  the  quantity  used  is  so  much  increased,  that  it  is  only  a  question 
of  time  when  the  earth  about  cesspools  will  become  saturated  with  water, 
and  entirely  filled  with  decomposing  filth.  And  this  condition  will  be 
found,  not  only  on  one  man's  premises,  but  in  entire  neighborhoods,  grow- 
ing worse  constantly  as  they  become  more  thickly  settled. 

The  Board  would  recommend  the  voters  to  take  action  by  appointing  a 
committee  to  consider  the  question  of  a  sewerage  a^atem^^V^w^wta^Ns* 
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consult  the  State  Board  of  Health  and  obtain  their  advice  and  instructions, 
and  with  authority  to  employ  a  competent  civil  engineer  to  make  surveys, 
plans  and  estimates  for  a  complete  system  of  sewerage,  and  take  any  action 
necessary  to  make  a  full  report  to  the  town  on  the  subject  at  some  subse- 
quent meeting. 

Irswicn. 

In  regard  to  the  sanitary  condition  of  the  town,  the  people,  generally, 
have  complied  with  the  requirements  of  the  Board,  and  in  no  case  where 
we  have  ordered  a  nuisance  abated  have  we  had  any  trouble  or  had  to  re- 
sort to  legal  measures. 

In  regard  to  contagious  diseases  amongst  the  cattle  in  the  town  we  will 
state  the  following:  the  selectmen  appointed  a  cattle  inspector,  and  the 
Board  of  Health  also  appointed  him  as  their  agent  giving  him  full  power 
to  act  for  them,  and  he  has  faithfully  attended  to  his  duties.  The  whole 
number  of  cattle  inspected  by  him  was  eleven  hundred  and  four,  and  he 
ordered  nineteen  of  this  number  quarantined  as,  in  his  opinion,  they  were 
diseased,  and  notified  this  Board  of  his  doings.  The  State  Cattle  Commis- 
sioners were  at  once  notified  in  regard  to  same,  who  came  and  examined 
them  and  ordered  the  killing  of  eight  which  were  sick  with  tuberculosis, 
and  their  carcasses  were  properly  buried. 

Lawrence. 

Six  hundred  and  seventy-four  vaults  have  been  abolished  since  Jan.  1, 
1889.  There  have  been  2,184  water-closets  placed  in  buildings  where 
vaults  have  been  abolished. 

During  the  year  19,714  loads  of  garbage  have  been  removed,  an  increase 
of  4,376  over  1892.  Realizing  the  necessity  of  a  different  method  of  dis- 
posing of  the  waste  matter,  the  Board  has  recommended  that  some  provi- 
sion be  made  to  dispose  of  this  material  in  a  satisfactory  manner. 

There  has  been  an  alarming  prevalence  of  scarlet  fever  during  the  year, 
and  the  percentage  of  fatalities  greater  than  formerly. 

More  cases  of  measles  have  been  reported  than  ever  before,  forty-six 
cases  coming  in  during  one  week.  The  fatalities  have  been  small,  only 
three  out  of  sixty  cases  resulting  fatally.  Diphtheria  has  not  been  very 
prevalent.  During  the  December  vacation,  3,200  school  children  were 
vaccinated  by  the  ward  physicians.  We  were  pleased  at  the  ready  response 
from  the  agents  of  the  corporations  as  we  found  that  vaccination  was  being 
carried  on  in  a  very  systematic  manner. 

Wo  have  had  five  cases  of  glanders  in  horses  and  seven  cases  of  tuber- 
culosis in  cattle,  which  were  pronounced  such  by  the  Cattle  Commissioners. 

Lexington. 

The  Board  has  made  several  official  tours  of  inspection ;  among  them 
was  the  inspection  of  the  several  \xote\a  rcasi  ^twate  boarding-houses,  and 


No.  34.]  HEALTH  OF  TOWNS.  767 

we  are  pleased  to  state  that,  with  few  exceptions,  the  sanitary  conditions 
were  good.  The  inspection  of  some  of  the  numerous  newly  built  houses 
was  not  so  assuring ;  indeed,  the  systems  of  house  drainage  in  many  of 
them  were  alarming.  One  case,  for  instance,  may  be  cited  :  a  double  tene- 
ment ;  no  water  supply  except  from  well  dangerously  near  drain  ;  untrapped 
sinks  discharging  into  an  open  tank  in  cellar,  contents  of  which  were  used 
to  flush  closet ;  without  vent ;  useless  trap ;  cesspool  twenty-eight  feet 
from  house.  It  would  almost  seem  that  the  ingenuity  here  displayed  tended 
only  toward  one  result,  —  the  death  of  the  occupants. 

Some  years  ago  the  question  of  a  sewerage  system  for  the  town  was 
agitated  to  the  extent  of  the  appointment  of  a  committee,  the  investigation 
of  different  schemes  was  initiated,  and  even  the  engineer's  survey  obtained. 
This  subject,  so  vital  to  the  interests  of  the  town,  seems  to  have  passed  into 
oblivion ;  nothing  is  heard  of  it  except  now  and  then  a  few  desultory  re- 
marks on  the  matter.  It  is  hoped  that  this  subject  is  not  entirely  forgotten, 
for  if  forgotten  and  neglected  there  will  be  a  rude  awakening,  perhaps 
within  a  few  years. 

Lowell. 

During  the  year  1893,  twenty-five  thousand  five  hundred  and  thirty-seven 
(25,537)  loads  of  ashes  were  removed  from  houses  and  stores  to  the  vari- 
ous dumping-grounds. 

Late  in  the  year  1892,  the  Engle  cremator  was  completed  so  that  for  the 
year  covered  by  this  report  it  has  been  in  use,  destroying  about  one-half 
of  the  garbage  of  the  city.  Owing  to  the  usual  friction  that  all  new  un- 
dertakings have  to  overcome,  it  was  not  until  April  that  a  complete  system 
of  account  was  commenced.  Since  April  every  pound  of  swill  consumed 
and  every  pound  of  coal  used  has  been  weighed  daily  so  that,  estimating 
the  amount  burned  the  first  three  months  of  the  year  and  adding  to  it  the 
amount  weighed  for  the  last  nine  months,  we  have,  say  3,500  tons  of  swill 
consumed  for  the  year  1893,  beside  the  miscellaneous  articles  enumerated 
in  the  table  printed  herewith  :  — 

Three  thousand  five  hundred  tons  swill  and  market  refuse  burned. 
Four  horses. 
Seventy  cats. 
Sixty-three  dogs. 

Two  hundred  and  fifteen  mattresses. 
Four  hens. 
Seven  rabbits. 
One  raccoon. 

Three  loads  and  one  barrel  infected  clothing  (small-pox). 
Seven  loads  infected  clothing  (diphtheria). 

Seventy-seven  thousand  ono  hundred  and  sixteen  pounds  paper  burned  on  ground 
in  rear  of  cremator. 
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The  opinion  of  the  Board,  after  the  experience  of  the  year  with  the 
Engle  cremator  is  briefly  this  :  Under  no  circumstances  would  it  be  willing 
to  return  to  the  old  method  of  swill-house  distribution  to  farmers,  and  it  is 
also  convinced  that  cremation  of  the  garbage  is  more  satisfactory  to  the 
inhabitants  of  a  city  than  the  rendering  process.  The  cost  of  burning 
garbage  at  Engle  cremator,  from  Jan.  1,  1893  to  Dec.  31,  1893,  was 
$7,670.77. 

The  Board  caused  a  thorough  inspection  of  the  water-shed  of  River 
Meadow  brook  to  be  made,  and  the  results  are  such  as  to  demand  prompt 
remedial  and  preventive  action. 

The  work  of  inspecting  the  tenement  houses  of  Lowell  in  a  thorough 
and  systematic  way  has  been  commenced  this  year,  and  so  far  the  results 
have  been  very  satisfactory ;  but  the  great  value  of  the  inspection  will  come 
in  later  years,  as  from  the  records  made  and  kept  by  the  library  system,  an 
inspector  can  turn  to  them  at  any  time  and  find  the  condition  of  any  house 
in  the  city  so  far  as  relates  to  plumbing,  drainage  and  ventilation,  and  will 
then  only  have  to  keep  watch  that  the  premises  are  kept  clean  and  in  repair. 

From  June  27  to  September  16,  there  were  14,918  baths  taken  by  men 
and  boys,  a  decrease  from  1892  of  8,347,  but  it  is  explained  by  the  fact 
that  more  than  that  number  used  the  house  to  put  their  clothes  in,  and  then 
came  outside  and  swam  in  the  river. 

Lynn. 

The  Board  of  Health  appointed  an  inspector  of  plumbing  under  the  pro- 
visions of  chapter   477,  Acts  of  1893. 

Under  the  provisions  of  a  special  act  of  May  4,  1893,  chapter  313 
(1893),  the  Board  of  Health  of  Lynn  was  authorized  to  appoint  an  "in- 
spector of  provisions,  and  of  animals  intended  for  slaughter  or  kept  for  the 
production  of  milk,  who  should  also  be  an  inspector  of  milk,  butter,  cheese 
and  vinegar." 

Each  of  the  officials  appointed  under  these  acts  contributes  a  full  report 
of  his  transactions. 

The  Board  recommends  the  following  amendments  to  the  milk  laws :  — 

1.  That  the  cost  of  analysis  be  charged  as  court  costs. 

2.  That  boards  of  health  be  vested  with  power  to  revoke  licenses. 

The  failure  of  the  city  government  to  carry  out  our  recommendations  or 
to  adopt  a  system  for  the  disposal  of  garbage  and  night-soil  placed  the 
Board  in  the  predicament,  on  April  20,  of  having  no  place  to  dump  that 
material,  or  otherwise  dispose  of  the  same  by  cremation  or  extraction. 
To  relieve  the  situation  the  city  purchased  the  land  about  the  outfall  sewer, 
and  we  entered  into  contract  with  an  excavating  company  and  had  a  tem- 
porary basin  dredged  for  the  scow  on  land  alongside  the  outfall  sewer  at 
West  Lynn.  A  dock  was  also  constructed  with  a  small,  frame  building 
thereon.     The  disposition  of  offal  by  loading  it  into  the  scow,  towing  it 
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twelve  miles  oat  to  sea  and  there  dumping  it  in  deep  water,  was  inaugu- 
rated, and  has  proven  a  success. 

Twelve  trips  have  been  made  and  1,486  tons  of  offal  so  disposed  of,  with- 
out accident  or  a  single  complaint,  at  a  cost  of  ninety-four  cents  per  ton 
for  labor,  towage  and  expense  of  repairs.  We  shall  pursue  this  method 
until  the  city  council  adopts  some  other  and  better  one.  We  recommend 
the  immediate  purchase  of  another  scow.  The  dump  at  West  Lynn  was 
abandoned  on  the  expiration  of  the  lease,  April  20,  and  no  garbage  was 
placed  thereon  after  that  date. 

The  Board  requested  that  immediate  steps  be  taken  by  the  city  council 
to  provide  suitable  accommodations  for  persons  affected  with  contagious 
diseases. 

Marblehead. 

The  health  cart  is  one  of  the  most  important  institutions  in  our  town, 
and  we  hope  has  come  to  stay  both  summer  and  winter.  Two  thousand 
loads  of  refuse  matter  have  been  collected  the  past  year.  To  find  per- 
sons who  will  look  after  this  refuse  and  see  that  it  is  properly  covered  has 
caused  the  Board  considerable  trouble.  We  suggest  that  the  town  set  aside 
a  place  to  be  used  as  a  dump  in  case  there  were  no  individuals  who  cared 
to  take  it. 

We  suggest  that  our  town  should  employ  a  health  officer  to  investigate 
nuisances,  post  notices,  inspect  meat,  milk  and  water,  attend  to  the  fumi- 
gating of  all  places  where  infection  exists,  and  who  would  be  in  many  ways, 
of  great  service  and  value. 

Marlborough. 

In  parts  of-  our  city  where  the  health  of  our  citizens  was  in  danger,  and 
along  the  banks  of  brooks,  during  the  past  two  years,  this  Board  through 
its  agent  has  enforced  connections  with  the  public  sewer  under  the  powers 
granted  in  the  Public  Statutes,  chapter  132  of  the  Acts  of  1890.  The 
agent  of  the  Board  reports  that  two  hundred  and  sixty-seven  buildings 
have  been  plumbed ;  one  hundred  and  fifty-one  cases  where  alterations  or 
additions  have  been  made  in  the  plumbing ;  making  a  total  of  four  hundred 
and  eighteen  inspected  and  approved  by  him.  It  is  evident  from  the  num- 
ber of  inspections  made  that  the  people  are  mindful  of  the  economic  and 
sanitary  advantages  of  the  public  sewer.  The  enforcement  of  our  regula- 
tions governing  plumbing  worked  to  the  advantage  of  all. 

Many  nuisances  that  have  been  a  bugbear  to  every  Board  of  Health  for 
years  past  have  disappeared  entirely  since  the  house  drainage  in  these  lo- 
calities has  been  conducted  to  the  sewer.  Cards  calling  attention  to  the 
regulation  restraining  persons  from  making  the  vacant  land  of  the  city  a 
nuisance,  were  posted  wherever  there  seemed  to  be  a  cause  of  complaint. 

In  August  a  case  of  rabies  appeared  in  town.  A  dog  with  a  disease  of 
doubtful  diagnosis  was  killed  by  the  police.    The  tukjot  m\Xi  ^ x«^\,MWKQ5ybrk 
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tive  of  the  Board  of  Health  agreed  to  request  Dr.  Ernst  of  the  Harvard 
Medical  School  to  decide  by  inoculation  experiment  whether  the  disease  of 
the  supposed  mad  dog  was  actually  hydrophobia.  The  result  of  the  exper- 
iments proved  that  the  dog  was  afflicted  with  the  genuine  disease,  and 
proved  the  wisdom  of  muzzling  all  the  city  dogs.  No  more  cases  appeared 
though  several  dogs  were  said  to  have  been  bitten  by  the  diseased  dog. 

Maynard. 

The  Board  has  encountered  a  greater  obstacle  in  trying  to  educate  a  cer- 
tain class  of  people  to  understand  that  it  is  necessary  to  flag  a  house  where 
there  is  scarlet  fever  and  cause  the  flag  to  remain  displayed  for  a  proper 
and  legal  length  of  time.  They  also  have  seemed  to  think  they  were  doing 
the  Board  a  great  favor  by  allowing  the  flag  to  be  attached  to  the  house  at 
all,  and  as  soon  as  the  case  is  able  to  sit  up,  "  although  then  probably  in 
the  most  contagious  stage,"  display  more  or  less  disposition  to  resent  the 
idea  that  it  is  then  highly  necessary  that  the  quarantine  should  remain 
longer.     This  condition  can  only  be  overcome  by  education. 

Medford. 

Sixty-one  nuisances  have  been  reported  to  this  Board  during  the  year. 
All  have  been  carefully  investigated  and  abated. 

In  each  case  of  diphtheria,  measles,  scarlet  fever  and  typhoid  fever,  the 
clerk  has  notified  the  school  committee  and  librarian  of  the  public  library. 

The  work  on  our  local  sewage  system  should  be  pushed  to  completion  as 
rapidly  as  possible,  so  that  we  may  be  rid  of  that  increasing  and  menac- 
ing danger,  the  saturation  of  the  ground  with  sewage.  Since  the  collection 
of  ashes,  swill  and  garbage  has  been  under  the  direct  care  of  the  city,  and 
the  contract  system  abolished,  the  work  has  been  done  in  a  thorough, 
cleanly  and  etlicient  manner,  and  the  results  are  highly  satisfactory  to  this 
Board.  With  the  same  arguments  we  have  used  in  the  past,  in  favor  of 
the  collection  by  the  city  of  ashes  and  swill,  we  would  now  earnestly  rec- 
ommend that  night-soil  be  collected  in  the  same  manner. 

Melrose. 

More  than  one  hundred  and  fifty  nuisances  and  complaints  have  received 
attention  from  the  Board.  The  sources  of  nuisance  or  complaint  have 
most  frequently  been  neglected  cesspools  and  offensive  privies,  but  also 
imperfect  traps,  or  total  absence  of  them,  and  defective  sink  drains. 

The  former  method  of  return  to  school  by  children  recently  recovered 
from  contagious  diseases,  has  been  by  permits  given  by  the  Board,  based 
upon  the  attending  physician's  certificate  of  recovery.  But  that  method 
having  often  proved  troublesome  to  parents,  a  more  direct  plan  is  now  em- 
ployed, of  permits,  based  as  &\>o\fc.>>&v\\.  taan&d  by  the  chief  of  police,  as 


No.  34.]  HEALTH  OF  TOWNS.  761 

The  subject  of  maintaining  bath-houses  all  the  year  round  was  the  sub- 
ject of  a  special  recommendation  by  His  Honor  the  mayor  in  his  inaugural 
address  to  the  city  council,  and  a  special  commission  has  since  been  ap- 
pointed by  him  to  consider  the  subject,  and  make  such  recommendations 
with  a  view  to  establishing  such  accommodations  as  may  be  deemed  ex- 
pedient. The  supplying  of  public  bathing  facilities  during  the  winter  as 
well  as  during  the  summer  months  has  the  cordial  approval  of  the  board  of 
health,  as  being  in  the  line  of  promoting  the  public  health. 

Examination  of  Plumbers. 

The  examining  board  held  44  meetings  and  examined  258  candidates  for 
plumbers'  licenses ;  93  were  for  master  plumbers'  licenses,  and  50,  or  52 
per  cent.,  passed  the  examination  and  were  licensed;  165  were  examined 
for  journeymen  plumbers'  licenses,  and  106,  or  64  per  cent.,  passed  the 
oral  examination  and  were  notified  to  report  at  the  shop  for  a  practical  test. 
Of  the  106  candidates  who  passed  the  oral  examinations,  77  passed  suc- 
cessful examinations  in  the  shop  and  were  given  licenses. 

Lying-in  Hospitals. 

During  the  year  423  confinements  have  taken  place  in  the  licensed  hos- 
pitals, and  no  deaths  have  been  reported. 

Stables. 
There  were  248  applications,  and  198  were  granted. 

Prosecutions. 

During  the  year  there  have  been  30  prosecutions  for  violations  of  various 
health  laws.  In  these  cases  there  were  25  convictions,  2  acquittals,  2  were 
nonprossed  and  1  is  still  pending. 

Of  the  convictions,  perhaps  the  most  important  was  that  of  a  physician  for 
failing  to  report  a  case  of  contagious  disease  which  he  had  been  called  to 
attend.  In  this  case  a  fine  of  fifty  dollars  was  imposed  in  the  lower  court, 
and,  after  an  appeal  and  trial  before  a  jury,  the  judgment  of  the  lower  court 
was  affirmed,  and  the  fine  increased  to  one  hundred  dollars. 

The  physicians  of  the  board  examined  39  cases  reported  as  small-pox, 
none  of  which  proved  to  be  such. 

The  bodies  of  454  persons  dying  without  a  physician  were  also  examined, 
to  determine  the  causes  of  death. 

Animals  killed  at  Abattoir. 

Cattle, 25,814 

Calves, 14,141 

Sheep, 77,906 

Swine, 470 
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The  cases  of  scarlet  fever  were  also  widely  separated  as  to  families 
affected,  and  there  has  not  been  a  general  epidemic,  all  the  cases  having 
occurred  in  but  six  different  houses. 

The  occurrence  of  five  cases  of  typhoid  fever  on  one  street  and  within  a 
short  radius  would  seem  to  imply  some  local  contamination,  but  no  obtain- 
able evidence  could  satisfactorily  explain  the  origin  of  the  disease.  Chem- 
ical examination  of  well  waters  furnished  little  light,  but  since  the  disease 
is  generally  believed  to  be  of  bacterial  origin,  it  might  well  happen  that  a 
chemical  analysis  would  give  entirely  negative  results.  The  milk  supply 
theory  did  not  apply,  since  there  was  not  a  common  supply  in  the  different 
affected  families,  nor  was  any  disease  known  on  the  premises  from  which 
the  several  supplies  came.  Without  attempting  to  show  any  connection  be- 
tween the  facts,  it  may  be  stated  that  fourteen  of  the  cases  were  compara- 
tively near  the  river,  eight  of  them  being  very  near.  A  very  extensive 
epidemic  of  measles  occurred  in  the  autumn. 

It  is  well  for  people  everywhere  to  know  that  it  is  now  believed  by  the 
highest  medical  authorities  that  consumption  is  to  a  very  considerable  de- 
gree communicable  from  person  to  person,  and  that  the  germs  abound  in 
matter  expectorated  in  coughing ;  that  constant  care  should  be  taken  to 
disinfect  and  destroy  such  discharges,  and  especially  that  the  common  habit 
of  promiscuous  spitting  should  be  avoided.  Matters  so  scattered,  by  dry- 
ing, become  converted  into  dust,  and,  in  this  form,  are  widely  scattered  to 
be  inhaled  by  others,  and  since  the  germs  are  extremely  tenacious  of  life, 
the  seeds  of  the  dire  disease  are  widely  sown. 

It  cannot  be  doubted  that  such  precautions  as  are  above  described  would, 
if  generally  adopted  everywhere,  have  a  marked  effect  in  diminishing  the 
frequency  of  consumption. 

During  the  year  two  cases  of  glanders  in  horses  have  been  reported  to 
the  Board  by  the  inspector  of  cattle.  Both  animals  were  subsequently 
condemned  by  the  State  Cattle  Commissioners  and  killed  by  their  order. 

Nantucket. 

The  Board  made  investigation  of  many  nuisances  reported,  and  believes 
that  the  town  has  been  kept  in  an  improved  sanitary  condition  in  conse- 
quence of  a  general  interest  manifested  by  all  good  citizens,  to  live  up  to  the 
best  ideal  of  proper  sanitary  safeguards.  As  a  result  of  such  care  and  at- 
tention, no  contagious  disease  of  any  kind  has  been  reported  to  the  Board 
during  the  year  as  originating  at  Nantucket. 

Needham. 

The  health  of  our  town  and  its  freedom  from  any  serious  epidemic  of  in- 
fectious and  contagious  disease  (except  that  of  typhoid  fever)  during  the 
past  year  is  a  matter  ot  amceifc  ro\i^&\Nta&tafe. 

What  will   soon  be  Tec\v\\ie&  *&  \Xifc  Vwm  \fttt£t*»»K*%  \»  \rafc,  ^  ^  * 
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thorough  sanitary  condition,  will  be  a  general  system  of  sewerage,  which 
the  introduction  of  a  public  water  supply  generally  demands. 

Your  health  officer  has  made  one  hundred  visits  of  inspection  and  exam- 
ination, visiting  sixty  places  where  complaints  have  been  made.  Fewer 
petty  complaints  have  been  made  than  in  previous  years. 

Fewer  swine  have  been  kept  in  the  thickly  settled  portions  of  the  town 
than  in  former  years.  Some  piggeries  have  been  entirely  abandoned.  In  a 
few  cases,  as  a  last  resort,  the  Board  appealed  to  the  court  to  enforce  its 
orders. 

New  Bedford. 

The  Board  acting  under  authority  of  Public  Statute,  chapter  80,  section 
24,  vacated  houses  on  Turner's  court  known  as  Holy  Acre.  This  act  the 
Board  regards  as  one  of  the  most  important  taken  during  the  year.  The 
statute  places  the  entire  responsibility  on  the  Board.  The  houses  in  ques- 
tion were  so  low  that  it  was  impossible  to  drain  them,  and  it  seems  unfor- 
tunate that  there  are  no  means  of  preventing  building  or  moving  houses 
already  built  to  such  locations.  In  every  growing  city,  building  is  contin- 
ually outgrowing  the  drainage  system.  But  for  such  buildings  drainage 
can  be  supplied  before  they  are  occupied.  The  policy  of  the  Board  has 
been  and  will  be  to  vacate  all  such  tenements  at  the  first  sign  they  give  of 
danger  to  the  public  health.  The  Board  would  recommend  that  action  be 
taken  on  the  proposed  building  rule  establishing  the  height  of  cellar  floors 
above  high  water.  The  nuisance  caused  by  privies  is  being  rapidly  abated, 
when  such  a  nuisance  occurs  on  the  line  of  a  sewer. 

All  garbage  is  ploughed  in  daily,  and  when  about  one  acre  is  covered  a 
quickly  growing  crop  is  planted,  and  in  a  surprisingly  short  time,  on  dig- 
ging down,  no  garbage  can  be  found.  Thus  the  essential  condition  for 
rapid  decomposition  in  the  earth  is  attained,  namely,  superficial  burial. 
The  objection  to  superficial  burial  is  that  the  burial  products  may  more 
readily  become  exposed  and  so  cause  nuisance,  or,  by  drying,  blow  about, 
and  under  proper  conditions  cause  disease.  This  objection  is  met  by  the 
facts  that  the  material  buried  is  not  of  such  a  character  as  frequently  con- 
tains disease  germs,  and  the  moist  and  heavy  condition  of  the  soil  is  such 
that  it  is  seldom  dry  except  upon  the  surface.  The  farm  is  remote  from 
any  source  of  water  supply.  So  far  the  method  is  satisfactory  in  all 
respects.  The  material  is  thus  utilized  as  a  fertilizer,  which  is  its  only 
value,  as  the  cost  of  extracting  the  fat,  the  only  constituent  of  value, 
would  more  than  counterbalance  the  estimated  return. 

The  Board  voted  to  inspect  the  sanitary  condition  in  respect  to  drainage 
of  the  various  school  houses  in  the  city.  All,  with  the  exception  of  one, 
were  found  in  good  condition.  The  school  committee  were  notified  of  the 
condition  of  this  school. 

Number  of  inspections  made  during  the  year,  %  *L$8A. 

Number  of  plumbing  inspections  made, .        .  "V$fcfc 
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The  Board  investigated  an  epidemic  of  typhoid  fever  which  occurred  in 
the  last  half  of  the  year,  embracing  201  cases  in  all.  No  satisfactory  con- 
clusions were  reached  which  would  account  for  the  epidemic  as  a  whole, 
though  suspicion  pointed  strongly  to  the  existence  of  infection  upon  a 
small  island  in  the  harbor  which  many  of  the  persons  attacked  had  visited 
during  the  period  of  epidemic. 

The  Board  amended  its  quarantine  regulations  and  publishes  them  in 
full  in  its  report. 

Newburtport. 

There  has  been  a  great  falling  off  of  cases  of  diphtheria  and  scarlet 
fever  from  the  previous  year,  but  a  large  increase  of  cases  of  typhoid  fever. 
Rules  and  regulations  relating  to  plumbing  were  adopted  by  the  Board. 

Newton. 

The  general  health  of  the  city  has  been  good,  and  barring  slight  out- 
breaks of  diphtheria  in  the  early  spring  and  fall,  and  an  epidemic  of 
measles  in  the  early  summer,  would  have  been  deemed  excellent. 

The  contagious  wards  at  the  hospital  have  been  found  very  useful  during 
the  year ;  the  early  removal  of  patients  to  them  having  greatly  aided  the 
Board  in  preventing  the  spread  of  disease.  The  wards  have  been  in  almost 
continuous  use  during  the  year,  sixty-two  cases  having  been  admitted. 
The  cases  were  divided  as  follows,  —  scarlet  fever,  fifteen;  diphtheria, 
twenty-eight;  measles,  nineteen. 

The  Board  authorized  free  vaccination  to  all  comers  in  the  several 
villages. 

North  Andover. 

As  a  matter  relating  to  public  health,  we  think  the  attention  of  con- 
sumers of  milk  should  be  called  to  the  fact  that  most  of  the  herds  supplying 
milk  in  this  town  are  not  allowed  any  exercise  at  all,  but  are  tied  up  by  the 
neck  from  November  till  May  in  badly  ventilated  barns,  and  never  turned 
out  of  doors. 

We  recommend  the  purchase  of  one  of  the  odorless  pumps,  and  that  its 
use  be  made  compulsory  in  the  village  whenever  vaults  or  cesspools  are 
cleaned  during  the  day. 

We  find  occasionally  a  person  who  is  willing  to  allow  his  vault  to  over- 
flow his  neighbor's  land.  Such  need  the  stimulating  effect  of  the  sharp 
end  of  the  law. 

North  Attleborough. 

The  failure  of  people  to  submit  to  the  guidance  of  any  fixed  rules  for 
observance  in  trying  to  prevent  the  spread  of  any  infectious  disease  is 
often  due  to  thoughtlessness  rather  than  to  a  desire  to  thwart  the  beneficial 
effects  of  such  rules.     It  often  requires  the  experience  of  an  epidemic  to 
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teach  the  public  that  there  are  certain  rules  and  regulations  which  must  be 
strictly  observed. 

There  has  been  a  marked  decrease  in  the  number  of  cases  of  diseases  of 
a  contagious  character  reported  during  the  past  year. 

Orange. 

With  the  opening  of  the  season  the  Board  recognized  the  need  of  removal 
of  "waste,  filth  and  house  dirt,"  and  engaged  a  scavenger  who  gave  two 
days  each  week  to  the  collection  of  rubbish  and  garbage  on  the  principal 
streets  of  the  village  during  the  heated  season,  with  the  result  that  never 
before  in  the  history  of  Orange  was  the  town  in  as  sanitary  a  condition. 

The  Board  has  investigated  one  hundred  sources  of  filth  and  offence. 
The  members,  individually,  have  investigated  many  others. 

The  Board  of  Health  would  urgently  request  parents  to  investigate  'the 
subject  of  u  vaccination  "  thoroughly,  that  they  may  intelligently  act  re- 
garding it. 

The  bodies  of  five  dead  animals  have  been  buried  by  the  Board.  Animals 
infected  with  tuberculosis  have  been  condemned.  Herds  have  been  in- 
spected by  the  Board's  agent.  Horses  with  infectious  diseases  have  been 
cared  for,  and  dogs  killed. 

PlTTSFIELD. 

The  sewage  system,  now  almost  completed,  has  furnished  a  long-needed 
want,  and  the  amount  of  good  obtained  by  the  same  is  immeasurable. 

During  the  year  1893  the  new  ordinance  for  plumbing  necessitated  the 
licensing  of  plumbers  and  drain-layers. 

Number  of  licenses  granted  to  plumbers, 8 

of  licenses  granted  to  drain-layers, 13 

of  plans  of  plumbing  submitted  for  approval,         .        .  258 

approved, 218 

44       rejected, 85 

During  the  past  year  the  Board  of  Health  has  been  called  on  to  investi- 
gate four  outbreaks  of  tuberculosis  at  different  farms.  At  one  farm  the 
Board  considered  about  thirty  per  cent,  of  the  cows  affected.  So  far, 
twenty-one  of  them  have  been  slaughtered,  and  of  these  nineteen  have 
been  found  diseased,  while  two  were  found  not  diseased.  At  another  farm 
over  fifty  per  cent,  were  considered  unsound.  Up  to  date  thirteen  have 
been  slaughtered,  and  every  one  has  been  found  diseased.  At  another 
farm  two  cows  have  been  slaughtered,  both  of  which  were  affected.  The 
Board  considers  that  the  chief  cause  of  its  spreading  among  dairy  cows  is 
overcrowding,  deficient  cubic  air  space  and  defective  ventilation.  The 
Board  also  considers  a  more  thorough  State  system  for  regulating  and 
managing  the  disease  should  be  inaugurated. 
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Plymouth. 

Sixty-three  places  have  been  examined  and  nuisances  abated  without 
having  received  any  formal  complaint. 

Nearly  all  of  the  cases  of  scarlet  fever,  typhoid  fever  and  diphtheria 
have  been  traced  by  the  Board  to  imperfect  drainage  and  ventilation. 

After  learning  the  facts  in  the  cases  the  Board  issued  orders  to  those 
families  from  which  cases  were  reported,  and  had  them  enforced ;  and  the 
Board  felt  that  after  the  last  case  was  reported  well,  and  the  places  had 
been  disinfected,  that  there  would  be  no  danger  from  these  sources.  Dur- 
ing this  time  circulars  were  distributed  by  the  Board  throughout  the  town 
giving  instructions  what  to  do  in  case  of  diphtheria. 

In  accordance  with,  the  Acts  of  1893,  chapter  477,  the  Board  has  ap- 
pointed inspectors  of  plumbing,  and,  at  the  request  of  the  selectmen,  pre- 
pared a  list  of  by-laws,  and  presented  them  to  the  town  for  adoption. 

Quincy. 

Your  Board  strongly  recommends  that  plumbing  regulations  or  ordinances 
be  enacted  by  the  council  as  a  matter  of  safety  to  the  public  health.  The 
inspector  is  powerless  without  them  in  many  cases.  The  brooks  have  been 
thoroughly  cleaned  under  the  direction  of  the  inspector,  and  the  Board  has 
every  reason  to  believe  that  the  work  has  been  economically,  thoroughly 
and  conscientiously  done.  The  physicians  are  negligent  in  their  duty  of 
reporting  contagious  diseases,  and  until  they  are  brought  up  to  the  law  the 
same  state  of  affairs  will  exist. 

Number  of  nuisances  discovered,  306  ;  number  abated,  298. 

Reading. 

There  have  been  twenty-one  nuisances  investigated,  and  all  cases  except 
two  have  been  abated  by  owner  or  occupant.  One  of  these  was  abated  by 
the  Board,  and  the  owner  paid  the  bill.  The  other  one  will  be  attended  to 
before  the  premises  are  occupied. 

Revere. 

The  town  has  been  favored  with  a  freedom  from  contagion  to  an  extent 
to  be  a  matter  of  satisfaction  to  the  citizens  within  the  last  twelve  months. 
Scarlet  fever  showed  itself  the  latter  part  of  the  year.  The  prompt  and 
stringent  requirements  of  the  Board  have  done  much  to  prevent  it  being 
spread  over  the  town. 

Rockland. 

We  have  had  one  case  of  glanders  reported  during  the  year,  and  the 
Cattle  Commissioners  ordered  the  horse  killed,  which  was  done. 

One  of  the  vital  questions  for  the  people  of  this  town  is  that  of  sewage. 
While  in  our  present  financial  condition,  any  general  system  for  the  town 
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to  adopt  would  be  too  expensive,  yet  there  is  a  very  simple  and  effective 
way  of  disposing  of  sewage  that  could  be  adopted  by  individual  families. 
The  plan  is  to  have  the  sewage  pass  through  an  underground  drain  with 
branches  in  all  directions,  the  drains  to  be  constructed  of  broken  drain- 
pipe, stones  or  anything  that  will  allow  the  sewage  to  pass  into  the  ground 
*t  short  intervals. 

Salem. 

In  the  month  of  February  a  sharp  outbreak  of  diphtheria  occurred  near 
the  cotton  mills.  The  type  of  the  disease  was  very  serious  and  vigorous 
measures  were  employed  to  combat  it.  Houses  were  guarded  night  and  day 
by  police  officers,  thus  stopping  one  of  the  chief  sources  for  spreading  the 
-disease.  Everything  possible  was  done  for  the  sick  and  for  the  afflicted 
families. 

Though  some  cases  of  scarlet  fever  were  severe,  only  one  proved  fatal. 
The  type  has  generally  been  mild.  We  note  with  satisfaction  the  marked 
•decrease  each  year  for  the  past  three  years  in  the  number  of  cases  of  this 
^dangerous  malady. 

The  type  of  typhoid  fever  was  severe  and  active  search  for  the  cause  was 
made  by  this  Board,  milk  being  particularly  looked  after.  Visits  to  each 
house  were  made,  also  to  shops  where  milk  was  sold,  and  the  milkmen, 
their  farms,  the  cattle,  the  sources  of  water  supply  of  the  cattle.  The 
"fault  could  not  be  traced  to  the  milk. 

The  work  of  collecting  the  ashes  and  rubbish  the  past  two  months  has 
been  done  in  a  very  satisfactory  manner.  Eight  thousand  one  hundred  and 
■seventy-two  loads  have  been  collected.  This  is  an  increase  of  over  1,400 
loads  more  than  in  1892.  These  ashes  have  been  used  to  fill  up  unsightly 
and  often  unhealthy  places  in  our  city. 

Saugus. 

The  Board  made  personal  investigation  of  a  number  of  reported  nui- 
sances, and  on  their  tour  found  much  work  to  be  done  in  regard  to  neg- 
lected privies  and  vaults.  These  cases  were  reported  to  the  owners,  and  in 
the  majority  of  cases  were  looked  after  in  a  satisfactory  manner.  Our  in- 
spector also  found  many  places  where  sinks  were  not  secured  by  traps, 
which  allows  of  all  gases  arising  from  contents  of  cesspools  to  flow  back 
into  the  rooms  occupied  by  the  residents.  This  should  not  be  allowed,  and 
the  Board  has  obliged  owners  to  correct  these  troubles  so  far  as  its  knowl- 
edge of  them  is  concerned. 

Perfect  cleanliness  of  dwellings  and  surroundings  is  what  will  insure 
good  health  and  is  of  the  utmost  importance,  as  by  its  strict  observance  the 
air  is  not  polluted  and  germs  of  disease  find  no  lurking  places. 

The  Board  publishes  a  very  full  and  complete  set  of  regulations  includ- 
ing practical  instructions  relative  to  disinf  ect»\on. 


768  STATE  BOARD  OF  HEALTH,         [Pub.  Doc. 

the  lake  by  the  construction  of  a  dam  across  the  opening,  by  which  means 
the  water  was  changed  from  salt  to  fresh.  We  succeeded  by  this  means  in 
destroying  the  grass,  as  evidenced  by  the  large  quantities  which  came 
ashore  during  high  winds,  and  the  accumulation  thus  coming  ashore  was 
raked  up  and  carted  away  as  soon  as  possible. 

Dan  vers. 

There  was  an  epidemic  of  measles  during  the  spring  and  summer,  prob- 
ably many  more  cases  than  were  reported,  as  the  disease  is  often  so  mild 
that  no  physician  is  called  to  attend. 

The  cases  of  diphtheria  were  treated  with  the  new  remedy,  diphtheria 
antitoxin,  of  which  so  much  has  been  expected.  We  have  thought  it  ad- 
visable to  keep  an  antitoxin  syringe  and  a  supply  of  antitoxin  on  hand, 
so  that  any  physician  in  town  can  obtain  them  of  the  board  of  health  at 
short  notice. 

The  time  is  not  far  distant  when  the  town  must  adopt  a  general  sewage 
system,  which  is  the  only  satisfactory  way  of  disposing  of  the  sewage  in 
thickly  settled  parts  of  the  town. 

Dedham. 

The  town  is  to  be  congratulated,  both  in  being  able  to  obtain  so  excel- 
lent a  service  as  will  be  hers  when  the  metropolitan  sewer  is  completed, 
and  also  in  having  the  prospect  of  obtaining  so  speedy  a  relief  from  the 
extremely  unsanitary  conditions  now  prevailing  in  her  midst.  Upon  the 
completion  of  the  trunk  sewer  the  town  must  construct  a  system  of  lateral 
or  branch  sewers  to  connect  therewith,  and  some  provision  must  be  made 
for  this  purpose  in  the  near  future. 

The  keeping  of  swine  in  the  town  and  the  teaming  of  swill  and  offal 
through  the  streets  seem  to  be  an  annual  source  of  difficulty  and  nuisance. 

Everett. 

In  July  it  came  to  the  knowledge  of  the  board  that  there  were  some  un- 
reported cases  of  diphtheria.  The  attending  physician  was  prosecuted  and 
fined  fifty  dollars  in  the  district  court.  In  these  cases  the  probable  source 
of  infection  was  an  old  lounge  that  had  been  brought  from  out  of  town  and 
upon  which  a  child  had  died  with  diphtheria.  It  was  put  out  in  the  yard, 
and  the  children  had  used  it.  Very  soon  there  were  7  cases  and  1  death  in 
the  neighborhood.  Possibly  there  were  other  mild  cases  that  were  not  rec- 
ognized. There  has  been  a  number  of  cases  since  in  that  locality.  In  a 
number  of  instances  we  are  quite  sure  that  the  disease  has  been  contracted 
from  infected  persons  from  out  of  town  or  by  children  visiting  infected 
houses  in  other  places.  In  one  case  a  child  was  sent  here  because  its 
brothers  had  the  disease.     This  child  remained  well,  but  a  child  in  the 
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Wakefield. 

We  have  had  no  epidemic.  The  general  complaints  of  nuisances  have 
been  few  and  soon  abated,  and  the  more  important  ones  have  caused  us 
little  trouble.  Our  formal  meetings  have  been  few,  but  all  that  were  neces- 
sary, as  the  members  of  the  Board  met  almost  daily  and  the  business  was 
often  informally  discussed  and  disposed  of.  We  have  done  nothing  toward 
abating  our  permanent  nuisances  this  year,  as  we  have  concurred  with  the 
opinion  of  past  Boards  that  the  expense  of  the  attempted  improvement 
would  far  outweigh  the  very  doubtful  benefit.  There  is  but  one  way  to  rid 
the  town  of  these  unsavory  and  unsightly  spots,  and  that  is  by  a  proper 
sewerage  system. 

During  the  session  of  1893  the  Massachusetts  Legislature  passed  a  law 
governing  the  business  of  plumbing  in  cities  and  towns  in  the  State.  In 
accordance  with  this  law  we  appointed  a  local  board  of  examiners  of 
plumbers. 

Waltham. 

A  request  by  the  Boston  Manufacturing  Company  to  remove  some  cases 
from  corporation  tenements  compelled  the  Board  to  make  provision  for  the 
treatment  and  care  of  scarlet  fever  patients,  and,  at  first,  quarters  were 
engaged  in  the  Newton  Cottage  Hospital ;  but  the  number  of  cases  increased 
so  rapidly  that  the  Board  deemed  it  more  convenient  and  economical  to  pro- 
cure a  house  somewhere  in  the  city  for  temporary  use  as  a  contagious 
hospital.  The  result  was  that  the  house  No.  255  South  Street  was  taken 
for  that  purpose,  and  a  house-keeper  and  a  nurse  were  procured  to  take 
charge  of  cases  carried  there.  This  house  was  maintained  as  a  hospital 
from  March  14  to  May  15  and  proved  ample  to  accommodate  all  cases  of 
children  sick  with  scarlet  fever  whom  it  was  desirable  to  remove.  On  one 
occasion,  a  mother  and  child  were  furnished  with  board  and  room  while 
the  child  was  under  treatment  for  the  disease.  We  believe  that  the  prompt 
removal  of  cases  of  scarlet  fever  to  a  contagious  hospital,  well  equipped, 
and  managed  by  the  Board  of  Health,  will  greatly  diminish  the  danger  of 
the  spread  of  this  disease.  So  positive  does  the  Board  feel  of  this  propo- 
sition that  it  thinks  it  may  safely  say  that  a  contagious  hospital  would 
have  prevented  all  but  say  twenty  cases  of  the  three  hundred  and  eighty 
reported  during  the  last  two  years. 

Before  the  schools  closed   in   June  the  disease  was  fully  eradicated. 

Since  that  time  cases  have  only  occasionally  appeared.  During  the 
year,  one  hundred  and  thirty-two  cases  altogether  have  been  reported,  as 
against  two  hundred  and  fifty-four  cases  in  1892. 

Diphtheria,  of  all  diseases,  is  the  most  treacherous,  deceiving  even  the 
experienced  physician.  One  day  apparently  mild,  the  next  it  has  its 
victim  so  firmly  clutched  by  the  throat  that  the  most  skilful  treatment  is  of 
no  avail.     When  once  the  deadly  character  of  this  d&fe«&fe  \&  *^\ft«s«&*k*% 
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the  public  will  insist  upon  the  use  of  as  radical  measures  to  prevent  its 
increase  as  are  now  employed  to  prevent  the  spread  of  small-pox,  and  we 
believe  that  such  measures  would  go  far  to  stamp  it  out.  In  Massachu- 
setts, during  the  year  1892,  there  were  two  deaths  from  small-pox,  while 
there  were  nine  hundred  and  twenty-eight  from  diphtheria.  In  the  whole 
United  States,  omitting  North  Dakota,  it  is  reported  that,  in  the  same 
year,  there  were  only  one  hundred  and  six  deaths  from  small-pox.  This 
shows  that  there  were  in  1892  only  one-ninth  as  many  deaths  from  small* 
pox  in  the  United  States  as  there  were  from  diphtheria  in  the  State  of 
Massachusetts  alone. 

Several  cases  are  detailed  in  the  report,  illustrating  the  value  of  isolation 
and  removal  to  a  hospital  provided  for  contagious  diseases.  It  is  almost 
needless  to  say  that  no  effectual  isolation  can  be  made  in  all  instances 
without  a  contagious  hospital  to  which  patients  may  be  promptly  removed, 
and  it  is  as  a  means  by  which  to  effect  absolute  isolation  of  these  danger- 
ous cases  that  the  hospital  now  nearly  finished  will  demonstrate  its  greatest 
value  to  the  city. 

We  wish  at  this  point  to  call  attention  to  a  matter  which  to  many  may 
appear  trivial,  but  should  not  be  overlooked  by  those  seeking  out  the 
methods  by  which  disease  is  propagated.  Upon  a  visit  of  our  Board  to  the 
public  schools  we  found  a  custom  prevailing  in  many  of  them  of  collecting 
the  children's  pencils  at  night  and  dealing  them  out  promiscuously  the  next 
morning.  We  believe  that  this  custom  is  a  bad  one  ;  and  we  are  pleased 
to  say  that,  on  our  suggestion,  the  superintendent  of  schools  caused  a  rule 
to  be  established  that  each  scholar  should  have  his  own  individual  pencil. 

It  has  long  been  known  that,  upon  reopening  the  schools  after  a  vacation, 
infectious  diseases  seem  to  take  a  fresh  impetus,  and,  on  the  other  hand, 
when  the  schools  are  closed,  such  diseases  seem  to  relinquish  their  hold 
upon  the  community.  We  therefore  believe  that  during  the  long  summer 
vacation,  the  school  houses  should  not  only  be  cleaned  in  the  usual  manner, 
but  also  thoroughly  fumigated  and  disinfected  from  top  to  bottom,  and  the 
basements  thoroughly  whitewashed. 

A  contagious  hospital  is  now  being  built,  consisting  of  two  wings  and  a 
dwelling-house,  all  connected  by  long  corridors,  one  wing  being  for  scarlet 
fever  cases  and  one  for  diphtheria  cases,  each  capable  of  accommodating 
ten  patients  ;  and  each  is  so  constructed  that  it  can  at  any  time  be  enlarged 
at  a  comparatively  small  expense,  should  occasion  require. 

Under  the  plumbing  act,  as  it  stands,  a  board  of  examiners  has  been 
organized,  consisting  of  the  present  chairman  of  the  Board  of  Health,  the 
present  inspector  of  buildings,  and  a  practical  plumber  who  was  chosen  by 
the  Board  of  Health  as  the  third  member. 

The  Board  has  adopted  a  system  of  registering  plumbers  who  were  in 
business  at  the  time  the  act  took  effect,  that  is,  on  or  before  July  10, 1893. 
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To  each  plumber  registering  his  name  a  certificate  has  been  issued  certify- 
ing that  he  was  engaged  in  the  business  prior  to  that  date.  These  certifi- 
cates have  proved  of  great  practical  convenience  to  the  plumbers  of  the 
city  who  do  work  in  other  places  by  enabling  them  to  readily  prove  the 
fact  that  they  were  engaged  in  business  prior  to  July  10,  1893,  and  there- 
fore entitled  to  pursue  their  calling  without  a  license. 

Altogether  about  1,100  connections  have  been  made  with  the  publio 
sewer.  The  total  estimated  number  of  connections  made  and  to  be  made 
is  2,500. 

Ware. 

A  careful  investigation  of  the  sanitary  condition  of  the  buildings  and 
premises  in  town  was  made  early  in  the  year  by  agents,  who  were  appointed 
for  the  purpose,  and  who  were  furnished  with  printed  blanks  containing 
various  inquiries,  upon  which  they  recorded  their  answers.  At  a  later 
time  a  second  visitation  was  made  by  these  inspectors  where  it  seemed 
desirable  to  the  Board  that  it  should  be  done.  In  this  way  accurate  and 
complete  information  was  secured  as  to  our  sanitary  condition. 

In  compliance  with  an  act  of  the  Legislature  passed  during  the  year,  the 
Board  prepared  a  set  of  by-laws  in  relation  to  plumbers  and  plumbing 
work,  which  were  adopted  by  the  town,  and  which  are  now  operative. 
These  by-laws  require  that  those  who  newly  enter  the  business  of  plumbing 
should  pass  an  examination  and  obtain  a  license,  which  must  be  renewed 
each  year  that  they  continue  in  business.  All  plumbing  work,  except  re- 
pairs of  leaks,  must  be  done  only  after  proper  notice  given  the  Board  of 
Health  or  its  appointed  agents,  and  must  be  approved  by  the  Board  after 
examination  by  an  inspector  of  plumbing  appointed  for  the  purpose. 

Wellesley. 

No  cases  of  typhoid  fever  have  been  reported  to  the  Board  during  the 
year. 

There  have  been  several  instances  in  which  the  advice  of  the  Board  has 
been  sought  in  regard  to  sanitation,  and  in  all  cases  the  suggestions 
made  have  been  readily  complied  with. 

The  Board  would  respectfully  call  to  mind  the  fact  that  householders  are 
required  by  law,  no  less  than  physicians,  to  report  cases  of  contagious 
disease  occurring  within  their  respective  families. 

Westborough. 

In  no  instance  has  the  Board  been  forced  to  resort  to  legal  measures  to 
secure  compliance  with  its  requests. 

The  general  health  of  the  inhabitants  of  the  town  has  been  compara- 
tively good.  There  has  been  no  epidemic  disease,  and  only  four  cases  of 
contagious  disease  dangerous  to  the  public  health,  toft*  bwn  w^wXfcfc^ 
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Westfield. 
At  the  town  meeting,  held  April  8,  it  was  voted :  — 

That  the  Board  of  Health  is  hereby  instructed  to  compel  persons  owning, 
leasing  or  maintaining  any  building,  to  connect  with  the  public  sewer,  as  pro- 
vided in  chapter  132  of  the  Acts  of  1890,  on  or  before  the  first  day  of  January, 
1895. 

After  mature  deliberation  your  Board  decided  that  the  best  interests  of 
the  public  health  demanded  immediate  action,  and  instructed  its  clerk  to 
formulate  a  notice  for  compulsory  entrance.  Five  hundred  of  these  notices 
were  sent  to  property  owners  on  the  south  side  of  Westfield  River.  En- 
trances were  made  the  entire  season  as  rapidly  as  the  property  owners 
could  secure  attention  from  the  plumbers  and  drain-layers.  Three  hun- 
dred and  fifty-four  sewer  applications  were  made,  representing  the  entrance 
of  three  hundred  and  seventy-one  buildings,  which  includes  five  hundred 
and  eighteen  families,  besides  eight  blocks,  two  churches,  one  school  build- 
ing, three  shops  and  one  stable. 

The  Board  established  certain  limits  in  the  town,  within  which  the  keep- 
ing of  swine  was  prohibited,  and  provided  that  any  and  all  swine,  and  any 
pen  or  other  inclosure  in  which  swine  are  kept,  outside  of  said  districts, 
shall  be  kept  in  a  condition  of  neatness  and  cleanliness  acceptable  to  the 
Board  of  Health. 

Westford. 

The  physicians  were  prompt  in  notifying  the  Board  of  all  infectious  or 
contagious  diseases,  and  where  quarantine  was  established  we  allowed  it  to 
remain  until  the  physician  in  charge  of  the  case  notified  us  that  it  was  un- 
necessary. Disagreeable  as  it  was  to  be  shut  off  from  their  usual  freedom, 
members  of  the  families  where  these  infectious  diseases  prevailed  readily 
complied  with  the  regulations,  and  did  much  to  prevent  the  spread  of  the 
disease.  Householders  do  not  seem  to  understand  that  the  law  requires 
them  as  well  as  physicians  to  notify  the  Board  of  Health  if  they  are  know- 
ing of  infectious  or  contagious  disease  within  their  family  or  house.  The 
law  is  very  plain,  and  a  heavy  penalty  is  provided  for  non-compliance  with 
it.     But  two  householders  have  complied  with  the  law  the  past  year. 

Whitman. 

The  difficulties  arising  from  lack  of  a  sewage  system,  and  the  fact  that  a 
great  deal  of  the  land  in  Whitman  is  so  low  that  deep  cesspools  cannot  be 
dug,  have  been  thoroughly  described  in  preceding  reports,  and  it  is  hoped 
that  at  some  future  time  the  desired  system  may  be  established.  The  town 
has  not  suffered  from  many  cases  of  contagious  diseases  the  past  year,  but 
all  cases  which  have  come  to  out  \txMra\fe&%fe  Viv*e  been  promptly  reported 
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to  the  State  Board  of  Health,  entered  on  our  records  and  reported  to  the 
school  committee  according  to  law.  When  necessary,  conspicuous  red 
cards  with  the  name  of  the  disease  in  large  letters  have  been  posted  on  the 
premises  where  an  infectious  disease  was  known  to  exist. 

WlLHAMSTOWN . 

The  Board  has  attended  to  the  usual  matter  of  nuisances,  which  have 
been  promptly  abated.  In  connection  with  board  of  selectmen,  the  Board 
of  Health  has  assisted  in  the  construction  of  sewers,  an  excellent  advance 
in  this  matter,  and  it  is  hoped  that  the  same  policy  will  be  continued  during 
the  coming  year. 

Winchester. 

The  Board  vaccinated  eighty  scholars,  sixty-one  of  whom  had  never  been 
vaccinated  before.  Some  of  these  had  passed  through  all  but  the  high 
school. 

The  Metropolitan  sewer  is  about  complete  in  Winchester,  and  we  hope 
our  local  system  of  sewers  will  soon  be  commenced  and  that,  in  the  near 
future,  Winchester  will  be  supplied  with  a  complete  system. 

Woburn. 

During  the  year  over  one  hundred  complaints  were  received,  concerning 
existing  nuisances,  and  promptly  attended.  Among  the  most  prominent 
was  the  Pantasote  Leather  Company  nuisance,  which  had  been  a  cause  of 
complaint  for  several  years,  not  only  by  the  citizens  of  our  own  city,  but 
also  by  the  citizens  of  the  neighboring  towns  of  Reading,  Stoneham,  Wil- 
mington, Wakefield  and  Winchester.  After  a  thorough  investigation  by 
the  Board,  they  ordered  the  premises  closed  until  the  proper  machinery 
could  be  introduced  to  abate  the  nuisance.  The  works  have  not  started 
again,  as  yet,  nor  will  they  be  allowed  to  until  all  semblance  of  a  nuisance 
has  been  abated.  A  number  of  complaints  were  also  received  from  the  in- 
spectors of  the  Boston  Water  Board  and  received  prompt  attention. 

Worcester. 

Number  of  complaints  for  the  year  ending  Dec.  31, 1893, 1,713.  Rooms 
fumigated,  448. 

There  were  three  successful  prosecutions  by  the  Board  during  the  year, 
viz.,  one  for  keeping  pigs  without  a  license,  one  under  the  law  regulating 
contagious  diseases  amoug  domestic  animals,  one  for  doing  plumbing  work 
without  a  license. 

Twelve  houses,  containing  thirty-five  tenements,  were  vacated  on  account 
of  bad  sanitary  condition. 

The  general  sanitary  condition  of  the  city  through  the  year  was  good. 
There  was  a  slight  increase  in  the  number  of  de&Xta  cwet  ta&\fKBstanat  ^*r~ 
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Special  efforts  were  made  during  the  summer  months  to  thoroughly  clean 
the  city  in  anticipation  of  an  invasion  of  cholera,  but  owing  to  the  effective 
national  quarantine  maintained  by  the  general  government  its  entrance  was 
prevented.  As  usual,  a  large  number  of  the  cases  of  typhoid  fever  were 
due  to  causes  outside  of  the  city.  It  is  probable  that  several  cases  were 
contracted  at  Chicago  while  visiting  thQ  Fair.  We  again  call  attention  to 
the  great  necessity  of  a  hospital  for  the  care  of  contagious  diseases.  The 
need  of  such  an  institution  has  been,  if  possible,  more  forcibly  brought  to 
our  attention  during  the  year  just  closed  by  the  appearance  of  contagious 
diseases  in  several  of  the  institutions  of  our  city  that  are  devoted  to  be- 
nevolent and  charitable  purposes,  thereby  impairing,  if  not  altogether  pre- 
venting, their  usefulness  for  the  time  being. 
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Abington  and  Rockland,  water  supply  of,  examination  of    .        .     N  .        .  98 

Consumption  of  water  in 871 

Accord  Pond,  Hingham 159 

Acid,  experiments  upon  filtration  of  sewage  containing        ....  447 

Adams,  milk  of 688 

Advice  of  the  Board  to  cities,  towns,  corporations,  etc.,  upon  water  supply 

and  sewerage 10 

Aeration,  in  open  tank  at  Brockton 128 

Provision  for,  in  tank  at  Provincetown 264 

Air,  aid  received  from  current  of,  in  rapid  filtration  of  sewage   .        .        .    422,  442 
Entrance  of,  into  sewers  at  World's  Columbian  Exposition  from  the 

ejectors 600 

Mechanical  disturbance  of  sand  by  escaping,  in  intermittent  water 

filters 467 

( 'bstruction  to  passage  of  water  by,  in  intermittent  water  filters  .        .  552 

Presence  of,  in  sewage  filters  essential  for  purification         .        .        .  401 

Presence  of,  in  waters 547 

Allspice,  inspection  of 679 

Alum,  use  of,  in  chemical  precipitation 405 

Alumina,  sulphate  of,  use  in  chemical  precipitation 602,  619 

Ames  bury,  health  of 745 

Water  supply  of,  examination  of 95 

Amherst,  sewage  disposal  of 564 

Andover,  sewage  disposal  of,  advice  of  the  Board 69 

Water  supply  of,  examination  of 95 

Consumption  of  water  in 871 

Haggett's  Pond 95 

Angelica  Brook,  Blackstone 101 

Aqua  Rex  Spring,  Millis 224 

Arlington,  health  of 746 

Water  supply  of,  examination  of 96 

Advice  of  the  Board 11 

Artichoke  River,  West  Newbury 244 

Ashburnham,  examination  of  water  from  Upper  Naukeag  Pond  ...  98 

Ashland,  Cold  Spring  Brook,  Boston  Water  Works 102 

Reservoir  No.  2 105 

Reservoir  No.  4 103,  104 

Ashley  Pond,  Holyoke 166 

Assabet  River,  examination  of,  above  and  below  Westborough  sewage  filters  694 

Assawompsett  Pond,  Lakevilie  (see  Taunton) Tfcfc 
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Attleborough,  health  of 746 

Sewage  disposal,  advice  of  Board €9 

Water  supply  of,  examination  of 99 

Consumption  of  water  in S71 

Austin  Brook,  Chester  and  Becket 137 

Averic  Lake,  Stock  bridge 289 

Avon,  consumption  of  water  in 371 

Ayer,  health  of 746 

Water  supply  of,  examination  of 100 

Consumption  of  water  in 371 

Bacteria,  growth  of,  during  mid-summer,  in  experimental  water  filters  at 

Lawrence 471 

Growth  of,  in  barrels  used  for  chemical  precipitation  of  sewage  at 

Lawrence 405 

Growth  of,  in  chemical  precipitation  tanks  at  World's  Columbian 

Exposition,  Chicago 606 

Numbers  of,  in  effluents  from  experimental  sewage  filters  at  Lawrence  430-452 
Numbers  of,  in  effluents  from  experimental  water  filters  at  Law- 
rence        493-495,  616-529 

Numbers  of,  in  Lawrence  city  water  supply 530-541 

Numbers  of,  in  Lawrence  sewage 403,  407 

Numbers  of,  in  Merrimack  River  water  at  Lawrence  applied  to  experi- 
mental filters 489,  493-495,  616-529 

Numbers  of,  in  sand  of  experimental  water  filters  at  Lawrence  at  dif- 
ferent depths 484 

Numbers  of,  in  sewage  and  effluents  at  World's  Columbian  Exposition, 

Chicago 604,  619 

Objectionable,  removal  of,  by  chemical  precipitation  at  World's  Co- 
lumbian Exposition 606 

Pure  cultures  of,  plan  followed  In  application  of,  at  Lawrence     .        .  490 

Removal  of,  from  sewage  by  different  materials 428 

Removal  of,  from  Merrimack  River  water  by  different  experimental 

filters 454, 514 

Bacterial  purification,  by  experimental  sewage  filters  at  Lawrence      .        .  409,  424 
Relative  degrees  of,  by  experimental  water  filters  under  different 

conditions 456-474 

Baking  powder,  inspection  of 681 

Bannister  Brook,  examination  of,  below  Framlngham  sewage  filters   .         .  572 

Barre,  health  of 747 

Beaver  Pond,  Beverly 277 

Becket,  examination  of  water  from  Austin,  Blandford  and  Walker  brooks, 

and  Horn  Pond  in  Chester  and  Becket 137 

Belmont,  water  supply  of,  examination  of  (see  also  Watertown)         .        .  101 

Clematis  Brook 101 

Berlin,  heights  of  water  in  Gates  Pond 173 

Beverly,  heafth  of 747 

Water  supply  of  (sec  also  Salem) 101 

Consumption  of  water  in 371 

Big  Sandy  Pond,  Pembroke 93 

Birch  Pond,  Lynn 197 
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Blackstone,  examination  of  water  from  Emerson  and  Ironstone  brooks  and 
Upper  Ironstone  Reservoir  in  Uxbridge,  and  from  Angelica  Brook 

in  Blackstone 101 

Examination  of  water  from  Blackstone  River  at  Millvllle     .        .        .  S51 

Blackstone  River,  averages  of  analyses  of  water  of,  1888-1893    .        .        .  346 
Averages  of  analyses  of  water  of,  six  months  of  each  year,  from  1887 

to  1893 347 

Examination  of,  at  Millvllle,  Blackstone 351 

At  Uxbridge 350 

Between  Mill  Brook  Channel  and  Worcester  Sewage  Precipitation 

Works 348,  349 

Below  the  Worcester  Precipitation  Works 848,  349 

Blandford  Brook,  Chester  and  Becket 137 

Boston,  health  of 747 

Hospital  for  contagious  diseases  in 707 

Water  supply  of,  examination  of : 
Sudbury  River  Supply,  — 

Cold  8prlng  Brook,  at  head  of  Reservoir  No.  4        .        .        .        .  102 

Reservoir  No.  4,  Ashland 103,  104 

Sudbury  River,  at  upper  end  of  Reservoir  No.  2,  Ashland       .        .  105 

Reservoir  No.  2,  Framingham 106 

Walker's  Brook,  Marlborough 108 

Stony  Brook,  Southborough 109 

Reservoir  No.  3,  Framingham 110 

Cochituate  Supply,  — 

Lake  Cochituate 112 

Water  from  faucet,  Massachusetts  Institute  Technology        .  114 
Mystic  Supply,  — 

Mystic  Lake 116 

Samples  from  different  points  of  the  Mystic  supply         .        •        .  118 

Water  from  faucet  in  Everett 119 

Cochituate  Works,  consumption  of  water 371 

Mystic  Works,  consumption  of  water 371 

Boston  Brook,  Andover 249 

Bradford,  health  of 754 

Water  supply  of,  examination  of 120 

Braiutree,  health  of 754 

Sewage  disposal  of,  advice  of  the  Board 70 

Water  supply  of,  examination  of 122 

Consumption  of  water  in 371 

Little  Pond 128 

Bread,  inspection  of -. 676-679 

Breed's  Poud,  Lynn 195 

Bridgewater  and  East  Bridgewater,  water  supply  of,  examination  of  .        .  123 

Consumption  of  water  in 371 

Town  River,  Bridgewater 125 

Brockton,  health  of 754 

Sewage  disposal  of,  advice  of  the  Board 71 

Underdrains  beneaih  the  main  sewer 129 

Water  supply  of,  examination  of 125 

Consumption  of  water  in ^W 
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Brockton  —  Concluded. 

Water  supply —  Concluded, 

Height  of  water  in  Salisbury  Brook  Storage  Reservoir       ...  1S9 

Aeration  in  open  tank 128 

Salisbury  Brook 125 

Salisbury  Brook  Storage  Reservoir 126 

Brookfleld,  water  supply  of,  examination  of ISO 

Brookllne,  health  of 755 

Water  supply  of,  examination  of ISO 

Consumption  of  water  in S71 

Buckmaster  Pond,  Dedham  (see  Norwood) 255 

Butter,  inspection  of 676 

Cambridge,  health  of 756 

Water  supply  of,  examination  of 132 

Consumption  of  water  in 371 

Fresh  Pond 132 

Stony  Brook  Storage  Reservoir 134 

Heights  of  water  in  pond  and  reservoir 136 

Isolating  hospital  at 706 

Cancer,  mortality  from xxxvli 

Canned  goods,  inspection  of 681 

Canton,  water  supply  of,  examination  of 136 

Advice  of  Board 14 

Consumption  of  water  in 371 

Cape  Pond,  Rockport 274 

Capillarity,  influence  of  differences  in,  of  adjoining  layers  In  sewage  filters  426 

Cassia,  inspection  of, 680 

Cayenne,  inspection  of 680 

Cemetery,  effect  of  carcass  of  dog  within  filter  on  effluent    ....  449 

Chapln  Pond,  Ludlow 289 

Charles  River,  examination  of  water  of 351 

At  yEtna  Mills,  Watertown 352 

At  South  Natick 352 

Below  Galen  Street  Bridge,  Watertown 354 

Tidal  portion  of,  at  various  points  during  high  water  of  neap  tides, 

August  17,  1893 355 

Tidal  portion  of,  at  various  points  during  low  water  of  neap  tides, 

August  17,  1893 356 

Charles  River,  Improvement  of 11 

Cheese,  inspection  of 674 

Chelsea,  health  of 757 

Water  supply  of  (see  Boston,  Mystic  Works) 137 

Chemical  precipitation  of  sewage  at  the  World's  Columbian  Exposition, 

Chicago  (see  Sewage) 595-624 

Precipitation  of  sewage  by  alum  at  Lawrence 405 

Purification  of  sewage  by  experimental  filters  at  Lawrence  .        .        .    409,  424 
Purification  of  Merrimack  River  water  by  experimental  filters  at  Law- 
rence                474-482 

Purification  of  Merrimack  River  water  by  Lawrence  city  filter     .        .  556 
Chemicals,  quantity,  composition  and  cost  of,  in  precipitation  of  sewage 

at  World's  Columbian  ExpostoXcm 619 
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Chester,  water  supply  of,  examination  of 137 

Advice  of  Board 15 

Austin  Brook 137 

Blandford  Brook 137 

Horn  Pond 137 

Walker  Brook 137 

Chicago.     (See  World's  Columbian  Exposition ;  also  Chemical  Precipita- 
tion.) 

Chicopee,  milk  of 687 

Water  supply  of,  examination  of 138 

Morton  and  Cooley  brooks 140 

Chocolate,  inspection  of 681 

Cholera  infantum,  mortality  from xxxvl 

Cities,  mortality  of .                         xli 

Cities  and  towns,  advised  with  regard  to  water  supply  and  sewerage         .  10 

Consumption  of  water  in 371 

Date  of  construction  of  water  works 370 

Number  of,  having  public  water  supplies        ......  369 

Ownership  of  water  works 370 

Purification  of  sewage  of,  in  Massachusetts 561-674 

Clapp's  Trout  Brook,  Deerfleld 145 

Clematis  Brook,  Belmont 101 

Cloves,  inspection  of 680 

Cochituate  Lake 112 

Coffee,  inspection  of 681 

Cohasset,  water  supply  of,  examination  of 141 

Consumption  of  water  in 371 

Cold  Spring,  Uxbridge 299 

Cold  Spring  Brook,  Ashland 102 

Color,  removal  of,  from  Merrimack  River  water  by  experimental  filters  at 

Lawrence 483 

Removal  of,  from  Merrimack  River  water  by  Lawrence  city  filter        .  555 

Columbian  Exposition,  exhibits  at  (see  Exhibits) xvili 

Concord,  health  of 557 

Water  supply,  examination  of 142 

Conduits  in  Lawrence  city  filter 550,  554 

Confectionery,  inspection  of 681 

Consumption  of  water  in  various  cities  and  towns,  statistics  relating  to     .  371 

Consumption,  mortality  from xxxvl 

Weekly  summary  of  deaths 631 

Cooley  Brook,  Chicopee 140 

Coolidge  Brook,  Orange 261 

Copperas,  precipitant  for  sewage 602,  620 

Cost  of  Lawrence  city  filter 655 

Of  chemicals  employed  in  precipitation  of  sewage  at  World's  Colum- 
bian Exposition 619 

Of  construction  and  operation  of  sewage  cleansing  works  at  World's 

Columbian  Exposition 624 

Of  work  done  on  Marlborough  sewage  filters  in  1893     ....  581 

Cottage  City,  health  of T» 

Consumption  of  water  in %  ^^ 
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The  board  has  encouraged  in  every  practicable  way  the  use  of  the  new 
remedy,  antitoxin,  and  with  very  gratifying  results.  The  length  of  the 
disease,  in  cases  where  this  remedy  was  used,  has  been  much  reduced,  and 
in  some  cases  lives  have  been  saved  which  in  all  probability  would  have 
been  lost  under  any  other  treatment.  Of  the  four  fatal  cases,  two  were 
treated  in  this  way  and  two  were  not. 

SOMERVILLE. 

Number  of  nuisances  abated, 814 

Number  of  nuisances  referred  to  board  of  1896,  ....  178 

Number  of  nuisances  complained  of, 987 

Number  of  complaints  (many  covering  more  than  one  nuisance),  507 

Number  of  notices  mailed, 480 

Number  of  notices  served  by  constables, 19 

In  addition  to  the  above,  many  nuisances  have  been  abated  on  verbal 
notice  from  the  agent  without  action  by  the  board,  and  of  which  no  record 
has  been  made. 

Six  cases  of  glanders  have  occurred  during  the  year.  Prompt  action 
was  taken  in  every  case,  and  the  horses  have  been  killed. 

Taunton. 

The  board  has  advocated  the  isolation  of  suspected  cases  of  diphtheria, 
especially  where  there  are  two  or  more  children  in  the  family  or  house, 
without  waiting  for  a  full  development  of  the  disease. 

Early  in  the  year  the  board  of  health  invited  the  co-operation  of  the 
school  teachers  to  aid  in  preserving  the  public  health.  To  this  end  printed 
postal  cards  directed  to  the  board  of  health  were  distributed  to  each  teacher, 
whereon  they  were  to  indicate  the  absence  of  any  pupil  with  suspected  ill- 
ness. Upon  receipt  of  the  card  the  physician  of  the  board  visited  the 
scholar.  A  large  number  of  cases  so  indicated  have  been  examined,  and, 
while  a  large  majority  of  cases  found  were  of  the  kind  incident  to  child- 
hood, suspicious  cases  of  contagious  disease  have  been  found,  the  child 
isolated  and  children  in  the  house  kept  from  school. 

Wakefield. 

Regulations  for  the  inspection  and  testing  of  plumbing  work  were  made 
and  have  been  enforced.  The  result  has  been  highly  satisfactory,  the 
quality  of  the  work  done  being  so  much  improved  as  to  far  outweigh  the 
additional  cost  to  the  town  of  having  the  inspections  made.  We  wish  to 
impress  upon  the  town  the  absolute  necessity  of  some  sewerage  system  in 
the  very  immediate  future,  as  there  are  in  certain  portions  of  the  town 
nuisances  that  cannot  be  entirely  abated  under  present  conditions. 
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Examination  of  water  supplies 91 

Explanatory  note 91 

Exhibits  at  Columbian  Exposition xvlii 

Expenses  of xxiii 

List  of  exhibits  by  the  Board xix 

Model  of  Lawrence  Experiment  Station xx 

Notice  of  award xxii 

Expenditures lvii 

Experiments  upon  the  purification  of  sewage  by  filtration  at  the  Lawrence 

Experiment  Station 899-452 

Experiments  upon  the  purification  of  water  by  filtration  at  the  Lawrence 

Experiment  Station 458-541 

Fair  haven,  water  supply  of,  examination  of 146 

Advice  of  the  Board 17 

Nasketucket  River 148 

Fall  River,  health  of 760 

Consumption  of  water  in 871 

Falmouth  Heights,  water  supply  of,  examination  of 148 

Advice  of  the  Board 18 

Fats  in  Lawrence  sewage 408,  404 

Ferric  sulphate,  precipitant  for  sewage 602,  620 

Fever,  typhoid,  effect  of  Lawrence  city  filter  upon  health  of  citizens,  with 

regard  to  (see  Typhoid  Fever) 557 

Filter,  the,  of  the  water  supply  of  the  city  of  Lawrence  and  Its  results : 
Hiram  F.  Mills,  A.M.,  C.E.,  member  of  State  Board  of  Health  of 

Massachusetts 548-560 

Collecting  conduit 554 

Cost 555 

Description  of  original  supply 545 

Distributing  conduits 550 

Effect  of  filtration  upon  chemical  aud  bacterial  composition  of  Merri- 
mack River  water 555 

Effect  of  filter  upon  inhabitants  of  Lawrence 557 

General  design  of  filter 547 

Outline  of  investigations  of  the  Board  upon  water  purification     .        .  546 

Selection  and  arrangement  of  sand  for  filling  material  ....  548 

Selection  and  arrangement  of  gravels  and  pipes  for  underdrains  .        .  551 

Conclusions 560 

Filters,  experimental,  for  sewage  purification  at  Lawrence,  construction  of  429 

Experimental,  for  water  purification  at  Lawrence,  construction  of       .  454,  491 

Sewage,  in  actual  operation  In  the  State 561-594 

Filtration,  intermittent,  definition  of  process  of  purification  of  sewage  by 

(see  also  Sewage,  Filtration  of,  and  Water,  Filtration  of)  .        .  401 

Fitchburg,  health  of 761 

Nashua  River  at 360 

Water  supply  of,  examination  of 149 

Scott  Reservoir 149 

Wyman's  Reservoir VsA- 

Flow  of  streams ^^ 
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Food  and  drug  inspection xxv,  651 

Number  of  samples  examined 651 

Summary  of  work  done  during  the  year 651 

Summary  of  work  of  previous  years 652,  658 

Adulterated  milk 655 

Food,  other  than  milk 657 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated 

milk 658 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated 

food,  other  than  milk 658 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated 

drugs 659 

Summary 664 

Expenditures 666 

Fines 665 

Prosecutions 659 

Report  of  Dr.  C.  P.  Worcester  on  analyses  of  food  and  drugs      .        •  624 
Report  of  Prof.  C.  A.  Goessmann  on  the  milk  of  western  Massachu- 
setts          687 

Foxborough,  consumption  of  water  In 871 

Framingham,  health  of 762- 

Sewage  disposal  of,  advice  of  the  Board 74 

Sewage  disposal  of,  description  of 566 

Average  degree  of  purification  of  sewage  by  filtration        .        .        .  569 

Water  supply  of,  examination  of 152 

Consumption  of  water  in 371 

Filter  gallery 152 

Reservoir  No.  2,  Boston  Water  Works 106 

Reservoir  No.  3,  Boston  Water  Works 110 

Underdrain  beneath  sewers 153 

Franklin,  consumption  of  water  in 371 

Fresh  Pond,  Cambridge 132 

Fulling  Mill  Pond,  Hingham 161 

Furnace  Pond,  Pembroke 262 

Gardner,  health  of 762 

Sewage  disposal  of,  description 578 

Average  degree  of  purification  of  sewage  by  filtration        .        .        .  575 

Water  supply  of,  examination  of 154 

Consumption  of  water  in 371 

Crystal  Lake 154 

Gates  Pond,  Berlin  (see  Iludson) 170 

General  Report vil 

Germs.     (See  Bacteria.) 

Ginger,  inspection  of 680 

Glen  Lewis  Pond,  Lynn 201 

Gloucester,  health  of 763 

Consumption  of  water  in 371 

Glover  Spring,  Southbridge 280 

Goessmann,  Prof.  C.  A.,  report  o\\m\\\^ 687 
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Grafton,  water  supply  of,  examination  of 156 

Water  supply  of  the  village  of  Saundersville 156 

Advice  of  Board 49 

Gravel,  flow  of  water  through,  under  different  heads 558 

Great  Barrington,  health  of 768 

Great  Pond,  Randolph  and  Brain  tree 270 

Great  Quittacas  Pond,  Lakeville 180 

Greenfield,  health  of 768 

Milk  of 688 

Ground  water,  mixture  of,  with  effluent  from  Lawrence  city  filter       .        .    534,  536 

Haggett's  Pond,  Andover 95 

Hanson,  examination  of  water  from  Maquam  Pond 157 

Hatchet  Brook,  Southbrldge 281 

Hatchet  Pond,  Woodstock,  Conn,  (see  Southbrldge) 282 

Haverhill,  health  of 768 

Water  supply  of,  examination  of 157 

Crystal  Lake 157 

Kenoza  Lake 158 

Lake  Pentucket 159 

Lake  Saltonstall 158 

Haynes  Reservoir,  Leominster 188 

Hazen,  Allen,  chemical  precipitation  of  sewage  at  World's  Columbian  Ex- 
position, Chicago 595-624 

Head,  effect  of  loss  of,  upon  bacterial  purification  of  water  ....  470 

Loss  of,  dally  records 522-529,  538-541 

Loss  of,  In  Lawrence  city  filter 552,  555 

Maximum  loss  of,  in  experimental  water  filters  at  Lawrence         .        .  487 

Heads,  flow  of  water  through  gravel  stones  with  different    ....  558 

Health  of  towns Ill,  741-784 

Certain  infectious  diseases  reported  to  local  boards  of  health,  1893      .  741 

Summary  of,  for  1891,  1892,  1893 744 

Heart  diseases,  mortality  from xxxvll 

Heights  of  water  in  ponds  and  reservoirs : 

Berlin,  Gates  Pond 178 

Brockton,  Salisbury  Brook  Storage  Reservoir 129 

Cambridge,  pond  and  reservoir 136 

Hudson,  Gates  Pond 178 

Lynn,  ponds  and  reservoirs 208 

Maiden,  Medford  and  Melrose 206 

Natick,  Dug  Pond 237 

New  Bedford,  reservoir  and  pond 240 

Norwood,  Buckmaster  Pond 258 

Qulncy,  Storage  Reservoir 269 

Salem  and  Beverly,  Wenham  Lake 277 

Springfield,  Ludlow  Reservoir 289 

Hermitage  Pond,  Worcester 387 

Hingham,  health  of 764 

Hingham  and  Hull,  water  supply  of,  examination  of 159 

Accord  Pond,  Hingham 159 

Fulling  Mill  Pond,  Hingham ^^ 
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Hinsdale,  Hinsdale  Fire  District,  water  supply  of,  examination  of  16* 

Hobart's  Pond,  Whitman 325 

Holbrook,  water  supply  of  (see  also  Randolph) 163 

Holyoke,  health  of 765 

Milk  of 687 

Sewage  disposal  of,  advice  of  the  Board 75 

Water  supply  of,  examination  of 164 

Advice  of  Board 19 

Examination  of  water  from  various  sources  collected  during  an 

Investigation  for  an  additional  water  supply        ....  168 

Whiting  Street  Storage  Reservoir 164 

Wright  and  Ashley  ponds 166 

Honey,  inspection  of 683 

Horn  Pond,  Becket  (see  Chester) 187 

Horn  Pond,  Woburn 321 

Hospitals,  isolation,  for  infectious  diseases,  by  S.  W.  Abbott,  M.D.,  Sec- 
retary of  the  Board 691-737 

Reasons  for  their  use 691 

Character  of  accommodation  required 696 

Extent  of  provision 696 

Diseases  which  may  properly  be  treated  in 698 

Possibility  of  spreading  infection 701 

Conclusions  relative  to  spread  of  small-pox  in  the  neighborhood  of     .  702 

Disinfecting  apparatus 703 

Plan  of  hospital  for  infectious  diseases  at  Cambridge    ....  706 

Pavilion  for  contagious  diseases  at  Boston  City  Hospital  (plan)  .        .  707-709 

Hospital  at  State  Primary  School,  Monson 705 

Ealing  Isolation  Hospital,  plan  of 711 

London  Fever  Hospital 710 

Plan  of 713 

List  of  hospitals  for  Infectious  diseases 713 

Probationary  wards 714 

School  sanatoria 714 

Isolating  wards 714 

Summary 716 

Practice  of  different  countries  in  relation  to 717-737 

Berlin 727-729 

Denmark,  Copenhagen 735-737 

Plan  of  hospital  at 736 

England:  Regulations  as  to  hospitals,  717;  memorandum  of  ambu- 
lances, 720;  rules  for  hospitals  for  infectious  diseases,  721; 
instructions  for  nurses,  patients  and  visitors,  721 ;  statistics 
showing  cost  of  construction  of  hospitals,  722. 

Germany 727 

Glasgow 723-727 

Paris 730,  731 

Sweden 732 

Stockholm 783-735 

Housatonic  River,  examination  of,  at  New  Lenox 357 

Hudson,  health  of 765 

Water  supply  of,  exam\uatto\i  oi 169 
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Hudson  —  Concluded. 

Water  supply  —  Concluded. 

Gates  Pond,  Berlin 170 

Heights  of  water  in  Gates  Pond 178 

Hull,  water  supply  of  (see  also  Hlngham) 178 

Hyde  Park,  water  supply  of,  advice  of  Board 20 

Consumption  of  water  in 871 

Hyde  Park  and  Milton,  water  supply  of,  examination  of              .        .        .  178 

Faucets 176 

Neponset  River 177 

Tubular  wells 175 

New  tubular  wells 176 

Hydrophobia,  deaths  from xll 

Infectious  diseases vili 

Cases  of,  reported  by  local  boards  of  health,  tabular  list      .        .        .  648 

Form  for  report  of 641 

Isolation  hospitals  for  (see  Hospitals) Ill*  697-787 

Laws  relating  to xvl 

Notification  of xv 

Reports  of 689 

Influenza xxxix 

Inspection  of  food  and  drugs.     (See  Food  and  Drug  Inspection.) 

Ipswich,  health  of 766 

Examination  of  Dow's  Brook  and  Egypt  River 179 

Ironstone  Brook,  Uxbrldge 101 

Isolation  hospitals.     (See  Hospitals.)  • 

Kenoza  Lake,  Haverhill 158 

Kidney  diseases,  mortality  from xxxvii 

Kingston,  water  supply  of 179 

Advice  of  the  Board ,  21 

Lakeville,  examination  of  Long  Pond 179 

Great  Quittacas  Pond 180 

Lard,  Inspection  of 682 

Lateral  filtration,  importance  of,  in  Framingham  sewage  filters  .        .        .  569 

Slight  opportunity  for,  in  experimental  sewage  filters  at  Lawrence      .  421 

Lawrence  Experiment  Station,  detailed  account  of  work  at,  in  1893    .        .  399-541 

Lawrence,  health  of 766 

Typhoid  fever  in  1893-1894,  compared  with  that  of  preceding  years, 

also  with  that  of  other  cities 546,  657 

Water  supply  of,  examination  of 181 

Advice  of  Board 22 

Consumption  of  water  in 371 

Distributing  reservoir 185 

Filter  of,  and  its  results 542-560 

Flow  of  Merrimack  River 186 

Force  main  at  pumping  station 183 

Merrimack  River  at,  analyses  of  water  of  .        .        182,  489,  493-495,  530-541 

Tables  of  analyses 530-541 

Use  of  unflltered  river  water  drawn  from  the  canal  la.  «A\bfe  <A  \Ja» 

milJs,  and  its  relation  to  typhoid  fever ^^ 
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Ayer,  consumption  of  water  in 419 

Health  of 755 

Water  supply  of,  examination  of 94 

Bacteria : 

.Application  of,  to  experimental  water  filters 528 

Numbers  of,  in  effluents  from  experimental  sewage  filters  at  Lawrence  473-503 
Numbers  of,  in  effluents  from  experimental  water  filters  at  Lawrence  513 
Numbers  of,  in  Merrimack  River  water  at  Lawrence,  applied  to  experi- 
mental filters 505,511,521,526 

Numbers  of,  in  Lawience  city  water  supply 571-581 

Numbers  of,  in  Lawrence  sewage 447,  448 

Numbers  of,  in  Fram Ingham  sewage 453,  456 

Numbers  of,  in  Marlborough  sewage 453, 455 

Numbers  of,  in  Worcester  State  Lunatic  Hospital  sewage    •        .        .  452,  454 
Bacteria  in  sewage  and  waters,  methods  employed  at  the  Lawrence  Experi- 
ment Station  for  the  quantitative  determination  of  585 
Bacterial  purification  by  experimental  sewage  filters     .        .        .        .        .  462 

By  experimental  water  filters 509 

Bacteriological  work  and  organization  of  department xxiil 

Baddacook  Pond,  Groton,  examination  of  water  of 164 

Bannister  Brook,  Fram  Ingham,  examination  of  water  of     ...        .  618 

Barre,  water  supply  of '  95 

Basse tt  Brook,  Adams,  examination  of  water  of 79 

Bassett  Brook,  Easthampton,  examination  of  water  of        ...        .  148 

Belmont,  consumption  of  water  in  (see  Watertown) 420 

Health  of 755 

Water  supply  of  (see  Watertown) 95 

Berlin,  Gates  Pond,  heights  of  water  in 182 

Examination  of  water  of 181 

Beverly,  consumption  of  water  In 419 

Water  supply  of  (see  Salem) 95 

Big  Sandy  Pond,  Pembroke,  examination  of  water  of 77 

Billerica,  health  of 755 

Advice  of  Board  with  reference  to  water  supply 14 

Nutting's  Pond,  examination  of  water  of 96 

Birch  Pond,  Lynn,  examination  of  water  of 209 

Births  and  birth  rates,  1885-94 lv 

By  sexes,  1891-94 lvi 

By  months,  1894 lvi 

By  counties,  1891-94 lvii 

Illegitimate,  1891-94 lvii 

Plural,  1891-94 lviil 

Still-births Mil 

Blackstone,  health  of 755 

Blackstone  River,  examination  of 360 

AtMillbury 374 

At  Millville 362,  363,  367 

At  Uxbridge 362,  864,  366 

Above  Worcester  Sewage  Purification  Works        .        .                 .         .  362-364 

Below  Worcester  Sewage  Purification  Works 362-364 
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Management  of  sewage  filters  to  secure  continuous  efficiency      .        .       .  412-429 

Manchester,  water  supply  of,  examination  of       ....  208 

Consumption  of  water  in 871 

Mansfield,  consumption  of  water  in 871 

Manual  of  health  laws *  zxiU 

Maple  sugar,  inspection  of 682 

Maple  syrup,  inspection  of 682> 

Maquam  Pond,  examination  of  water *  157 

Marblehead,  health  of 76& 

Water  supply  of,  examination  of 209 

Consumption  of  water  in 871 

Marlborough,  health  of *        .  769 

Sewage  disposal  of 580 

Water  supply  of,  examination  of 211 

Advice  of  the  Board 28 

Consumption  of  water  in 871 

Lake  Williams 212 

Millham  Brook 218 

Material,  new,  addition  of,  to  sewage  filters 420 

Maynard,  health  of 770 

Water  supply  of,  examination  of 214 

Meadow  Brook,  Mendon  (see  Uxbridge)        .  801 

Measles,  mortality  from xlv,  xxxv 

Weekly  summary  of  deaths 634 

Mechanical  analyses,  of  mixtures  of  coarse  and  fine  sand    ....  418 

Of  sand  in  Lawrence  city  filter 492 

Of  sands  used  for  experimental  sewage  filters  at  Lawrence  .        .        .  429 

Of  sand  used  for  experimental  water  filters  at  Lawrence       .        .        .  491 

Medfield,  sewage  disposal  of 586 

Water  supply  of,  examination  of 215 

Medneld  Insane  Asylum,  water  supply  of,  examination  of  .        .        .        .  215 

Medford,  health  of 770 

Water  supply  of,  examination  of  (see  also  Maiden)       ....  216 

Advice  of  Board            29,  82 

Consumption  of  water  in 871 

Medical  examiners,  returns  of xliv,  xlv 

Meeting-house  Pond,  Westminster 150 

Melrose,  health  of 770 

Water  supply  of,  examination  of  (see  also  Maiden)       ....  218 

Advice  of  Board 84 

Consumption  of  water  in '    .  371 

Ell  Pond 221 

Tubular  wells  near  Ell  Pond 220 

Tubular  wells  in  valley  of  Spot  Pond 219 

Mendon,  water  supply  of 222 

Advice  of  Board 40 

Mendon  Pond,  Mendon  (see  Uxbridge) 299 

Merrimack  River,  examination  of  (see  also  Lawrence  and  Lowell)      .        .  358 

Analyses  of  water  of 181-193 

Analyses  of  water  of,  at  Lawrence  ....       489,  493-495,  530-541 

Flow  of,  at  Lawrence 186, 
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Brookline,  consumption  of  water  in 419 

Health  of 768 

Water  supply  of,  examination  of 128 

Charles  River,  opposite  filter  gallery  at  West  Roxbury       ...  129 

Brook's  Pond,  Spencer,  examination  of  water  of 800 

Brown's  Pond,  Peabody,  examination  of  water  of 273 

Buckm aster  Pond,  Dedham,  examination  of  water  of 267 

Bull  Brook,  Ipswich,  examination  of  water  of 189 

Butter,  inspection  of 645,  668 

Cady  Pond,  Groton,  examination  of  water  of 166 

Cambridge,  consumption  of  water  in 419 

Health  of 764 

Water  supply  of,  examination  of 130 

Heights  of  water  in  pond  and  reservoir 135 

Cancer,  mortality  from lxv,  lxvii 

Canton,  consumption  of  water  in 419 

Health  of 765 

Cape  Pond,  Rockport,  examination  of  water  of 291 

Cassia,  inspection  of 672 

Cat  Brook,  Manchester,  examination  of  water  of 221 

Cayenne,  inspection  of 672 

Cedar  Brook,  Lynn,  examination  of  water  of 216 

Charles  River,  examination  of  water  of                393 

AtMedway 230 

AtMilford 393 

At  West  Roxbury 129 

Chauncy  Pond,  West  borough,  examination  of  water  of        ...  332 

Pollution  of      .                         70 

Chebacco  Lake,  Essex  and  Hamilton,  examination  of  water  of    .  150 

Cheese,  inspection  of 668 

Chelsea,  consumption  of  water  in  (see  Boston,  Mystic  Works)  .         .         .  419 

Water  supply  of  (see  Boston,  Mystic  Works) 135 

Chemical  precipitation  of  sewage  by  sulphate  of  alumina    ....  450 

Purification  of  sewage  by  experimental  filters  at  Lawrence  ...  461 

Cheshire,  water  supply  of,  examination  of 135 

Chester,  water  supply  of,  examination  of 136 

Chicopee,  health  of 766 

Milk  of 684 

Water  supply  of,  examination  of 136 

Cholera  infantum,  mortality  from lxlv,  lxvi 

Cities  and  towns,  advised  with  regard  to  water  supply  and  sewerage  8 

Consumption  of  water  in 419,  420 

Date  of  construction  of  water  works  in 418 

Number  of,  having  public  water  supplies 417 

Sewage  purification  of •        .        .         .  601 

Clinton,  health  of 766 

Water  supply  of,  examination  of 139 

Cloves,  inspection  of 672 

Cochituate  Lake  (Boston  Water  Works),  examination  of  water  of               .  US 

Coflee,  inspection  of 673 
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Mortality  —  Concluded. 

Scarlet  fever 684 

Typhoid  fever 632 

Whooping-cough,  malarial  fever,  erysipelas,  puerperal  fever  and  small- 
pox           635 

From  all  causes,  and  from  Influenza,  pneumonia,  phthisis,  bronchitis 

and  heart  diseases,  by  months,  for  four  years     ....  xl 

Of  cities xli 

Morton  and  Cooley  brooks,  Chlcopee 140 

Mumford  River,  Uxbridge 801 

Mustard,  Inspection  of 680 

Mystic  Lake 116 

Nahant,  water  supply  of  (see  also  Swampscott) 227 

Nantucket,  health  of 772 

Water  supply  of,  examination  of 227 

Comparison  of  examinations  of  water  from  Wannacomet  Water 

Company's  Works,  before  and  after  filtration       ....  231 

Consumption  of  water  in 371 

Wannacomet  Pond 232 

Wannacomet  Pond,  after  filtration 234 

Nashua  River 360 

Chemical  examination  of  water  from  North  Branch  of  Nashua  River 

below  Fltchburg 360 

Chemical  examination  of  water  from  South  Branch  of  the  Nashua 

River  at  Clinton 361 

Natick,  water  supply  of,  examination  of 235 

Consumption  of  water  in 371 

Dug  Pond 235 

Heights  of  water  in  Dug  Pond 287 

Needhara,  health  of 772 

Water  supply  of,  examination  of 237 

Consumption  of  water  In 371 

Neponset  River  at  Hyde  Park,  examination  of 177 

New  Bedford,  health  of 772 

Water  supply  of,  examination  of 288 

Consumption  of  water  in 871 

Little  Qulttacas  Pond,  Lakeville 289 

Heights  of  water  In  pond  and  reservoir 240 

Newburyport,  health  of 774 

Water  supply  of,  examination  of 241 

Advice  of  Board 42 

Consumption  of  water  in 371 

Faucet 242 

Reservoir 242 

Tubular  test  wells 243 

Artichoke  River,  West  Newbury 244 

Newton,  health  of 774 

Water  supply  of,  examination  of 244 

Consumption  of  water  in ^W 
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Newton  —  Concluded. 

Water  supply  —  Concluded, 

Distributing  reservoir 245 

Faucet  at  pumping  station 244 

Main  underdrain,  beneath  Laundry  Brook  valley  sewer         .        .        .  248 

Main  underdrain,  Cheesecake  Brook  division 247 

Main  underdrain,  Hyde  Brook  division 246 

Nitrification 412,  428,  477-482,  547,  548 

Nitrogen,  contained  in  sand  scraped  from  surfaces  of  water  Alters  at  Law- 
rence      .                        486 

Storage  of,  in  experimental  sewage  filters  at  Lawrence         .        .        .  411 
Storage  of,  In  experimental  water  filters  at  Lawrence  ....    484,  485 

North  Adams,  milk  of 688 

Northampton,  water  supply  of,  examination  of 249 

North  Andover,  health  of 774 

Water  supply  of,  examination  of 249 

Advice  of  Board 44 

Boston  Brook,  Andover 249 

North  Attleborough,  health  of 774 

Water  supply  of,  examination  of 250 

Consumption  of  water  In 371 

Northborough,  water  supply  of,  examination  of 251 

North  Brookfield,  sewage  disposal,  advice  of  the  Board       ....  80 

Water  supply  of,  examination  of 252 

North  E  as  ton,  water  supply  of 146 

North  Pond,  Orange 261 

North  Reservoir,  Winchester 326 

Norwood,  water  supply  of,  examination  of 254 

Buckmaster  Pond,  Dedham 255 

Consumption  of  water  in 871 

Faucets,  supplied  from  Buckmaster  Pond 257 

Heights  of  water  In  Buckmaster  Pond 258 

Norwood's  Pond,  Beverly 277 

Notification  of  infectious  diseases xv 

Nutmeg,  Inspection  of 680 

Offensive  trades xvill 

Oldham  Pond,  Pembroke 262 

Olive  oil,  inspection  of 683 

Orange,  health  of 775 

Milk  of 688 

Water  supply  of,  examination  of 258 

Coolidge  Brook 261 

North  Pond 261 

Organic  matter  in  soils,  amount  and  character  of,  by  T.  M.  Drown,  M.D., 

chemist  of  the  Board 385 

Oxygen,  dissolved,  in  Merrimack  River  water  and  effluents  from  water  filters 

at  Lawrence 482 

In  sewage  from  Lawrence  Street  sewer 408 

Presence  of,  in  water,  explanation  of  success  of  continuous  filtration 

of  water  at  Lawrence 479 
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Palmer  Fire  District,  Palmer,  water  supply  of,  examination  of    .        .        .  262 

Peabody,  water  supply  of,  advice  of  the  Board 44 

Pembroke,  examination  of  water  from  Big  Sandy  Pond       ....  93 

Furnace  Pond 262 

Little  Sandy  Pond 262 

Oldham  Pond 262 

Silver  Lake 262 

Stetson's  Pond 262 

Pentucket  Lake,  Haverhill 159 

Pepper,  inspection  of 681 

Permanency  of  sewage  filters 410 

Directly  dependent  upon  the  treatment  which  they  receive   .        .        .  412 

Of  efficiency  of  water  filters  in  removing  bacteria 455 

Pine  Tree  Brook,  Milton 225 

Pittstield,  health  of 775 

Milk  of 687 

Sewage  disposal  of,  advice  of  Board 82 

Pleasant  Lake,  Montague 226 

Ploughing  sewage  filters,  effect  of 415 

Plymouth,  health  of 776 

Sewage  disposal,  advice  of  the  Board 82 

Water  supply  of,  examination  of 264 

Little  South  Pond 264 

Pneumonia,  mortality  from xxxvi 

Pohirite,  effect  of,  In  removing  dyestuffs  from  sewage  by  filtration     .        .  427,  446 

Analysis  of 427 

Pond  Brook  at  Gardner,  analyses  of  water  above  sewage  filters  .        .        .  576 

Population  of  towns  having  and  not  having  public  water  supplies       .        .  869 

Powow  Hill  Water  Company 95 

Precipiiants  employed  in  purification  of  sewage  at  World's  Columbian 

Exposition 601, 620 

Precipitation,  chemical,  of  sewage  at  Lawrence 405 

Of  snvage  at  World's  Columbian  Exposition 595-624 

Prodi^iosus,  Bacillus,  similarity  to  B.  typhi  abdominalis  in  its  mode  of  life 

in  river  water  at  Lawrence 458 

Method  of  application  to  water  filters  at  Lawrence        ....  490 
Tables  showing  numbers  in  applied  water  and  in  effluents  from  various 

water  filters  at  Lawrence 498-495 

Prosecutions 659 

Provincetown,  water  supply  of,  examination  of 264 

Puerperal  fever,  weekly  summary  of  deaths 635 

Purification  of  sewage  and  water.     (See  Sewage,  Filtration  of,  and  Water, 
Filtration  of. ) 

Quantitative  efficiency,  of  experimental  sewage  filters  at  Lawrence     .        .  409,  424 

Of  experimental  water  filters  at  Lawrence 454 

Quantity,  of  sand  removed  from  sewage  filters  at  Lawrence         .        .    413,  414,  416 

Of  sand  removed  from  water  filters  at  Lawrence  to  relieve  clogging    .  487 

Of  sewage  pumped  at  Framingham 567 

Of  water  yielded  by  filters  between  scrapings  at  Lawrence  .        .        .  487 

Of  water  yielded  by  Lawrence  city  filter \a&-*A^ 
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Quincy,  health  of 776 

Water  supply  of,  examination  of 266 

Consumption  of  water  in 871 

Heights  of  water  in  storage  reservoir 269 

Storage  reservoir J 267 

Town  Brook 266 

Quinebaug  River,  examination  of,  at  Southbridge 863 

Quinepoxet  River,  examination  of,  at  Holden 862 

Rainfall,  normal,  in  Massachusetts 872 

At  nine  places  in  Massachusetts,  geographically  selected      .        .        .    878-378 

Raking,  effect  of,  upon  sewage  filters 412,  415 

Randolph  and  Holbrook,  water  supply  of,  examination  of  .        .        .        .  270 

Consumption  of  water  in 871 

Great  Pond,  in  Randolph  and  Brain  tree 270 

Rate  of  filtration,  of  experimental  sewage  filters  at  Lawrence     .        •        .    409,  424 

Of  experimental  water  filters  at  Lawrence 454 

Of  Lawrence  city  filter 531 

Effect  of,  upon  efficiency  of  water  filters 456,  475 

Maximum,  of  flow  of  water  through  materials  studied  at  Lawrence     •  491 

Reading,  health  of 776 

Water  supply  of,  examination  of 270 

Consumption  of  water  in 371 

Registration  of  vital  statistics  (see  Vital  Statistics) xxvii 

Removal  of  bacteria.     (See  Bacteria.) 

Removal  of  organic  matter.     (See  Chemical  Purification.) 

Reservoirs,  storage  of  water  in,  as  affected  by  amount  and  character  of 

organic  matter  in  soils 883 

Resting,  effect  of,  upon  sewage  filters 419 

Revere,  health  of 776 

Revere  and  Winthrop,  water  supply  of,  examination  of       ...  271 

Consumption  of  water  in 371 

Tubular  wells  of  Revere  Water  Company  at  Cliftondale,  Saugus  .        .  273 

Rivers,  examination  of 341 

Flow  of  (see  also  Sudbury  River  and  Merrimack  River)        .        .     186,  379-382 

Roaring  Brook,  Whately H5 

Rochester,  examination  of  Snipatuit  Pond 274 

Rockland,  health  of 776 

Water  supply  of  (see  also  Abington) 274 

Rockport,  water  supply  of,  examination  of 274 

Advice  of  the  Board 45 

Cape  Pond 274 

Routine  work  of  Board liii 

Salem,  health  of 777 

Water  supply  of,  advice  of  the  Board 47 

Consumption  of  water  in 371 

Salem  and  Beverly,  water  supply  of,  examination  of 275 

Wenham  Lake,  Beverly  and  Wenham 275 

Heights  of  water  in  ^ennamlAJL* 277 
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Salem  and  Beverly  —  Concluded. 

Beaver  Pond,  Beverly 277 

Longham  Meadow  Brook,  Beverly 277 

Norwood's  Pond,  Beverly 277 

Salisbury  Brook,  Brockton 125 

Salisbury  Brook  Storage  Reservoir 126 

Saltonstall  Lake,  Haverhill    .                158 

Sand,  bacteria  in,  of  experimental  water  filters  at  Lawrence       .        .        .  484-486 

Depth  of,  effect  upon  efficiency  of  water  filters 461,  476 

Mechanical  analyses  of,  used  in  filters  at  Lawrence        ....  429,  491 

Mineral  analyses  of,  used  in  water  filters  at  Lawrence   ....  483 

Nitrogen  stored  in,  of  sewage  filters  at  Lawrence          .        .        .        .  411 

Nitrogen  stored  in,  of  water  filters  at  Lawrence 484-486 

Quantity  of,  removed  from  sewage  filters  at  Lawrence   to  relieve 

clogging 418,  414,  416 

Quantity   of,   removed    from  water  filters  at    Lawrence  to  relieve 

clogging 487 

Selection  of,  for  Lawrence  city  filter 648 

Size  of,  effect  upon  efficiency  of  water  filters 462,  475 

Sandy  Pond,  Lincoln 142 

Saugus,  health  of 777 

Water  supply  of  (see  also  Lynn) 278 

Sauudersville,  Grafton,  water  supply  of,  examination  of      ...  166 

Advice  of  Board 49 

Scarlet  fever,  mortality  from xiv,  xxxv 

Weekly  summary  of  deaths 684 

Scituate,  water  supply  of,  advice  of  the  Board 50 

Examination  of  water  from  tubular  test  well 279 

Scott  Reservoir,  Fitchburg 149 

Scraping,  effect  of,  upon  bacterial  purification  of  water  by  filtration  .        .  462-469 

Effect  of,  upon  sewage  filters 412-415 

Sand  removed  by,  analyses 486 

Water  filters,  summary  of  results 487 

Conclusion 488 

Sedimentation,  purification  of  sewage  by,  at  Lawrence        ....  406 
Unfavorable  conditions  for,  in  the  tanks  of  chemical  precipitation 

plant  at  World's  Columbian  Exposition 610 

Sewage : 

Experiments  upon  filtration  of,  at  the  Lawrence  Experiment  Station    .  401-462 

Character  of  sewage  used  at  the  Experiment  Station         .        .        .  402-409 

Description  and  tables  of  analyses 402 

Comparison  of  sewage  as  pumped  at  station  with  original  sewage  in 

the  sewer 406 

Dissolved  oxygen  in  sewage  from  Lawrence  Street  sewer         .        .  408 
Comparison  of  sewage  applied  to  experimental  filters  with  that  ap- 
plied to  certain  large  filters  in  the  State 409 

Average  purification  of  sewage  by  the  several  filters  in  1893     .        .  409 

Permanency  of  sewage  filters 410 

Per  cent,  of  applied  nitrogen  stored  in  filters  in  1893          .        .        .  411 

Permanency  directly  dependent  upon  treatment 4ML 

Summary  and  conclusions         •••««••«  v^ 
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Kenoza  Lake,  Haverhill,  examination  of  water  of 169 

Kimball's  Pond,  Amesbury,  examination  of  water  of 85 

Kingston,  water  supply  of,  advice  of  Board 30 

Examination  of 190 

Kidney  diseases,  mortality  from lxv,  lxvii 

Lard,  inspection  of 646,  668 

Lawrence  Experiment  Station,  detailed  account  of  work  at,  in  1895    .        .    445-581 
Lawrence  city  filter,  operation  of,  with  tables  of  daily  results     .        .        .    571-581 

Lawrence,  consumption  of  water  in 420 

Water  supply  of,  examination  of 190 

Merrimack  River  at,  examination  of  water  of     .       195,  400,  526,  527,  529,  571 

Flow  of  Merrimack  River 195 

Lead  poisoning xxir 

Lee,  health  of 773 

Leicester,  water  supply  of,  examination  of 196 

Advice  of  Board 32 

Lenox,  water  supply  of 196 

Leominster,  water  supply  of,  examination  of 196 

Advice  of  Board 33 

Lexington,  consumption  of  water  in 420 

Health  of 773 

Water  supply  of,  examination  of 201 

Lily  Pond,  Cohasset,  examination  of  water  of 142 

Lily  Pond,  Edgartown,  examination  of  water  of 149 

Lincoln,  water  supply  of  (see  Concord) 202 

Little  Chauncy  Pond,  Westborough,  examination  of  water  of     .         .  332 

Little  Quittacas  Pond,  Lakeville,  examination  of  water  of  ...  246 

Little  South  Pond,  Plymouth,  examination  of  water  of        ...  2S0 

Local  boards  of  health xix 

Act  providing  for  election  of xi 

Local  nuisances xxi 

Longham  Brook  Reservoir,  Salem  and  Beverly,  examination  of  water  of   .  295 

Longraeadow,  consumption  of  water  in 420 

Water  supply  of 202 

Long  Pond,  Lakeville,  examination  of  water  of 248 

Lowell,  consumption  of  water  in 420 

Health  of 773 

Water  supply  of,  examination  of 203 

Advice  of  Board 35 

Merrimack  River,  examination  of  water  of 204,399 

Lower  Sandra  Reservoir,  Westborough,  examination  of  water  of  330 

Ludlow,  water  supply  of  (see  Springfield) 207 

Ludlow  Reservoir,  Springfield,  examination  of  water  of      ...  303 

Lulu  Brook,  Pittsfleld,  examination  of  water  of 278 

Lung  diseases,  acute,  weekly  summary  of  deaths 718 

Lynde  Brook  storage  reservoir,  Worcester,  examination  of  water  of  .         .  347 

Lynn,  health  of 774 

Lynn  and  Saugus,  consumption  of  water  in 420 

Water  supply  of,  examination  of  • 207 

Heights  of  water  in  ponds  and  storage  reservoirs 216 
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Sewage  —  Continued. 

Experiments  upon  filtration  —  Continued. 
Filter  No.  5a,  experiments  upon  purification  of  sewage  by  fine  sifted 

gravel 435 

Average  purification 409 

Storage  of  applied  nitrogen 411 

Effect  of  systematic  raking  followed  by  ploughing  .        .        .  416 

Removal  of  bacteria .  428 

Filter  No.  6,  experiments  upon  purification  of  sewage  by  mixed  coarse 

and  fine  sand 437 

Sewage  applied  to  filter 404 

Average  purification 409 

Storage  of  applied  nitrogen 411 

Effect  of  systematic  raking  followed  by  scraping    ....  413 

Addition  of  new  material 420 

Removal  of  bacteria 428 

Filter  No.  7,  experiments  upon  purification  of  sewage  applied  to  the 

sub-surface 438 

Average  purification 409 

Storage  of  applied  nitrogen 411 

Clogging  of  sub-surface  pipes  by  insoluble  matter  in  the  sewage  .  425 
Filter  No.  9a,  experiments  upon  purification  of  sewage  by  medium 

fine  sand 440 

Sewage  applied  to  filter 404 

Average  purification 409 

Storage  of  applied  nitrogen 411 

Effect  of  systematic  scraping  when  necessary,  without  raking        .  414 

Removal  of  bacteria 428 

Filter  No.  11a,  experiments  upon  purification  of  sewage  by  sand 

clogged  with  organic  matters  from  the  surface  of  Filter  No.  6   .  441 

Conclusions 426 

Filters  Nos.  12a,  15a,  16b,  experiments  upon  the  purification  of  sew- 
age by  filtration  through  gravel  with  the  aid  of  a  current  of  air, 

and  filtration  of  resulting  effluent  through  medium  fine  sand      .  442 

Permanency  of  filters 412 

Summary  of  results 424 

Filter  No.  13,  experiments  upon  removal  of  dye-stuffs  from  sewage 

by  coarse  sand 444 

Summary 427 

Filter  No.  13a,  experiments  upon  the  purification  of  sewage,  from 
which  sludge  has  been  partially  removed  by  sedimentation,  by 

filtration  through  medium  fine  sand 445 

Summary 424 

Filter  No.  14,  experiments  upon  the  removal  of  dye-stuffs  from  sew- 
age by  coarse  sand  and  polarite 446 

Summary 427 

Filter  No.  17a,  experiments  upon  purification  of  acid  sewage  by  me- 
dium fine  sand  containing  layers  of  marble  dust  ....  447 
Filter  No.  19,  experiments  upon  purification  of  sewage,  from  which 
sludge  has  been  partially  removed  by  chemical  precipitation,  by 

medium  fine  sand **^ 

Suromaiy «* 
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Melrose —  Concluded. 

Water  supply  of,  examination  of  (see  also  Maiden,  Medford  and  Mel- 
rose)         230 

Merrimack  River,  examination  of  (see  also  Lawrence  and  Lowell)      .        •  397 
At  Lawrence     .......       191,  195,  400,  526,  527,  529,  571 

At  Lowell 399,  204 

Average  weekly  flow  of 429 

Flow  of,  at  Lawrence 195 

At  Haverhill 401 

Methods  employed  for  the  quantitative  determination  of  bacteria  in  sewage 

and  waters 585 

Methuen,  consumption  of  water  in 420 

Water  supply  of,  examination  of 231 

Middleborougb,  consumption  of  water  in 420 

Middleborough  Fire  District,  Middleborougb,  water  supply  of,  examina- 
tion of 233 

Middleton,  consumption  of  water  in  (see  Danvers) 419 

Mil  ford,  consumption  of  water  in 420 

Water  supply  of 233 

Examination  of  Charles  River  at 393 

Milk: 

Adulterated 643 

Inspection  of 659 

From  cities,  660;  from  towns,  661 ;  from  suspected  producers,  662. 

Table  showing  quality  of,  by  months 659 

Milk,  condensed,  inspection  of 664 

Millbury,  pollution  of  Blackstone  River  at,  advice  of  Board        ...  67 

Examination  of  Blackstone  River  at 374 

Water  supply  of 234 

Miller's  Falls,  Montague,  advice  of  Board  in  relation  to  water  supply          .  37 

Examination  of  water  with  reference  to  proposed  water  supply    .         .  235 

Millham  Brook,  Marlborough,  examination  of  water  of       ...  224 

Millham  Brook  storage  reservoir,  Marlborough,  examination  of  water  of  .  225 

Millis,  water  supply  of,  examination  of 234 

Millville,  examination  of  Blackstone  River  at 3«;7,  392 

Milton,  consumption  of  water  in 420 

Molasses,  inspection  of 673 

Monson,  water  supply  of 235 

Montague,  consumption  of  water  In 420 

Examination  of  water  with  reference  to  proposed  water  supplies          .  235 

Montague,  Village,  advice  of  Board  In  relation  to  water  supply  ...  37 

Montague,  Miller's  Falls,  advice  of  Board  in  relation  to  water  supply         .  37 

Montague,  Turner's  Falls  Fire  District,  water  supply  of,  examination  of    .  237 

Morse  Reservoir,  Leominster,  examination  of  water  of         ...         .  197 
Mortality  reports : 

Statistics  of  disease  and  mortality 711 

Summary  of  weekly  reports  of  cities  and  towns 712 

Total  deaths 716 

Deaths  of  children  under  five  years 716 

Acute  lung  diseases 718 

Consumption 717 
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Small-pox  —  Concluded. 

Doubtful  diagnosis,  cases  of xill 

In  Massachusetts ix 

Mortality  per  million  inhabitants,  Massachusetts  and  foreign  countries  viil 

Weekly  summary  of  deaths x,  686 

In  neighborhood  of  isolation  hospitals 702 

Snlpatuit  Pond,  Rochester 274 

Soils,  amount  and  character  of  organic  matter  In,  and  its  bearing  on  the 

storage  of  water  in  reservoirs 883 

Somerville,  water  supply  of 279 

Consumption  of  water  in  (see  Boston,  Mystic  Works)  ....  371 

Southbridge,  water  supply  of,  examination  of 280 

Advice  of  the  Board 51 

Glover  Spring 280 

Hatchet  Brook  and  tributaries 281 

Hatchet  Pond,  Woodstock,  Conn 282 

Lower  reservoir 280 

South  Deerfleld,  water  supply  of,  advice  of  the  Board 53 

South  Hadley  Falls  Fire  District,  water  supply  of,  examination  of     .        .  282 

Soutli  Reservoir,  Winchester 328 

Spencer,  sewage  disposal,  advice  of  the  Board 84 

Water  supply  of,  examination  of 288 

Shaw  Pond,  Leicester 283 

Spices,  inspection  of 679 

Spot  Pond,  Stoneham,  examination  of  water  from 205 

Spring,  the  period  of  greatest  nitrification  in  sewage  filters         .        .        .  422 

Springfield,  health  of 778 

Milk  of 688 

Water  supply  of,  examination  of 284 

Chapin  Pond,  Ludlow 289 

Ludlow  Reservoir 287 

Receiving  basin  at  Ludlow 285 

Heights  of  water  in  Ludlow  Reservoir 289 

Statistical  tables llil 

Stetson's  Pond,  Pembroke 262 

Stillwater  River,  Sterling,  examination  of 362 

Stockbridge,  water  supply  of 289 

Lake  Averic 289 

Stoneham,  water  supply  of  (see  also  Wakefield) 290 

Stony  Brook,  Southborough 109 

Examination  of,  at  inlet  to  the  new  conduit  at  Roxbury        .        .        .  865 

Stony  Brook  storage  reservoir,  Cambridge 184 

Storage  reservoir,  Montgomery  (see  Westfleld) 818 

Stoughton,  water  supply  of,  examination  of 290 

Advice  of  the  Board         .                 55 

Sub-surface,  application  of  sewage  to,  in  filtration       .        .        .     425,  438,  578,  588 

Sudbury  River,  average  monthly  flow  of,  In  1898 879 

Average  weekly  flow  of  Sudbury  River  and  Merrimack  River       .        .  880 

Rainfall  received  and  collected  on  watershed  of,  in  1893        .        .        .  881 

Yield  of  watershed,  1875-1893 **»* 
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Summary  of  water  supply  statistics ;  also  records  of  rainfall  and  flow  of 

streams 367 

Summary  of  weekly  mortality  reports Ill,  627 

Summer,  growth  of  bacteria  during,  in  water  filters 470 

Nitrification  during,  in  water  filters 479 

Swampscott,  health  of 778 

Swampscott  and  Nahant,  water  supply  of,  examination  of  .        .        .        .  292 

Consumption  of  water  in 871 

Syrup,  inspection  of 682 

Taunton,  health  of 778 

Water  supply  of,  examination  of 294 

Assawompsett  Pond,  Lakeville 298 

Consumption  of  water  in 871 

Elder's  Pond,  Lakeville 298 

Filter  basin 295 

Taunton  River 296 

Taunton  River 866 

Examination  of  Mill  River  at  Taunton 3/55 

Tea,  inspection  of 682 

Town  Brook,  Quincy 266 

Town  River,  Bridgewater .  125 

Trenching,  effect  of,  in  sewage  filtration 416 

Construction  of  trenches 417 

Typhoid  fever xiv,  xxxvi 

Effect  upon,  of  Lawrence  city  filter 557 

Germs,  similarity  to  B.  prodigiosus 453 

Weekly  summary  of  deaths  from 632 

Underd rains  beneath  sewers : 

Brockton 129 

Framingham 153 

Newton 246-248 

Underd  rains  in  experimental  water  filters  at  Lawrence         ....  491 

In  Lawrence  city  filter 550 

Upper  Ironstone  Reservoir,  Uxbrldge 101 

Upper  Naukeag  Pond,  Ashburnham 98 

Uxbridge,  water  supply  of,  examination  of 298 

Advice  of  Board 67 

Cold  Spring 299 

Meadow  Brook,  Mendon 301 

Mendon  Pond,  Mendon 299 

Mumford  River 301 

Seagrave  Brook 299 

Blackstone  River  at 350 

Vaccination xi 

Rules  for xii 

Vine  Brook,  Lexington 192 

Vinegar,  inspection  of 682 
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Vital  statistics,  registration  of xxvil 

International xxvii 

Summary  of,  twenty  years'  table xxviii 

Marriages xxix 

Births xxix 

Deaths xxix 

Causes  of  death xxx-xxxii 

Death-rates,  the  significance  of  general  or  crude xliil 

Returns  of  medical  examiners xllv,  xlv 

Mortality  from  all  causes,  by  months,  for  four  years    ....  xl 

Mortality  of  cities xli 

Total  deaths xlii 

Statistics  of  certain  diseases xxxlil,  xxxiy 

Brain  diseases xxxviii 

Cancer xxxvii 

Cholera  infantum xxxyI 

Consumption xxxyI 

Diphtheria  and  croup xxxv 

Heart  diseases xxxvii 

Hydrophobia xli 

Influenza xxxix 

Kidney  diseases xxxvii 

Local  diseases xxxviii 

Malarial  fever xxxlx 

Measles xxxv 

Pneumonia xxxvi 

Scarlet  fever xxxv 

Small-pox xxxv 

Typhoid  fever xxxvi 

Whooping-cough xxxvii 

Wakefield,  health  of 779 

Water  supply  of,  advice  of  Board 48 

Wakefield  and  Stoneham, -water  supply  of,  examination  of  [.        .        .        .  301 

Consumption  of  water  in 871 

Crystal  Lake 802 

Walden  Pond,  Lynn 199 

Walker  Brook,  Chester  and  Becket 137 

Walker's  Brook,  Marlborough 108 

Walpole,  water  supply  of,  advice  of  the  Board 60 

Examination  of  water  from  tubular  test  wells  near  the  Neponset  River 

in 803,304 

Waltham,  health  of 779 

Water  supply  of,  examination  of •        •  305 

Advice  of  Board 61 

Consumption  of  water  in 871 
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GENERAL  REPORT. 


The  contents  of  the  present  volume  comprise  a  report  of  the  gen- 
ial work  of  the  State  Board  of  Health  for  the  year  ending  Sept.  30, 
395,  and  of  that  which  relates  to  Water  Supply  and  Sewerage  for 
te  calendar  year  1895. 

This  first  portion,  the  general  report,  paged  in  Roman  numerals, 
icludes  a  brief  statement  of  the  work  done  under  the  statutes  which 
efine  the  work  of  the  Board,  and  contains  a  summary  of  the  vital 
atistics  of  the  State  for  the  year  1894. 

The  second  part  of  the  report,  paged  in  Arabic  numerals,  contains 
te  fuller  details  of  the  work  of  the  Board,  under  the  acts  relating 
»  Water  Supply  and  Sewerage,  Food  and  Drug  Inspection,  Report, 
g  of  Infectious  Diseases  and  such  papers  relating  to  special  topics 

the  Board  has  deemed  it  desirable  to  publish. 

The  following  members  comprised  the  Board  in  1895  :  — 


Hekbt  P.  Walcott,  Chairman. 


Frank  W.  Draper. 
Hiram  F.  Mills. 
James  W.  Hull. 


Gerard  C.  Tobey. 
Charles  H.  Porter. 
Julian  A.  Mead. 


)r.  J.  A.  Mead  of  Watertown  was  appointed  in  October,  1895, 

fill  the  place  made  vacant  by  the  death  of  Dr.  J.  W.  Hastings. 

am  F.  Mills9  term  expired  in  May,  1895,  and  he  was  reappointed 

seven  years. 

hiring  the  year  1895,  in  addition  to  the  regular  routine  work  of 
Board,  the  following  special  lines  of  work  have  been  prose- 
d:  — 

nder  the  provisions  of  chapter  426  of  the  Acts  of  1894,  the  con- 
;  made  with  the  Eastern  Dredging  Company  for  the  purpose  of 
ging  certain  portions  of  the  Concord  and  Sudbury  rivers  was 
led  to  completion  under  the  direction  of  the  Board. 


viii  STATE  BOARD  OF  HEALTH.  [Jan. 

Under  the  organic  act  creating  the  Board  and  requiring  it  to  "  take 
cognizance  of  the  interests  of  health  and  life  among  the  citizens  of  the 
Commonwealth,"  the  Board  has  provided  a  continuous  supply  of  anti- 
toxin, for  use  throughout  the  Commonwealth,  for  the  purpose  of 
diminishing  the  mortality  from  diphtheria,  and  in  connection  with  the 
same  work,  has  organized  a  bacteriological  department  for  the  pur- 
pose of  experimental  and  executive  work  in  the  investigation  of  in- 
fectious diseases. 

The  duties  of  the  Board  as  defined  by  the  statutes  have  not  only 
been  increased  but  have  also  been  changed  in  their  character  since 
the  establishment  of  the  Board  in  1869.  At  that  time  the  work  of 
the  Boaxd  as  set  forth  in  the  organic  law  of  June,  1869,  was  entirely 
of  an  advisory  nature. 

The  first  act  of  the  Legislature  giving  to  the  Board  executive 
powers  was  the  offensive  trade  act  of  1871,  whereby  the  Board  was 
authorized,  after  due  notice  and  hearing,  "  and  if,  in  the  judgment 
of  the  Board,  the  public  health  or  the  public  comfort  and  conven- 
ience so  required,"  to  order  parties  to  cease  and  desist  from  further 
carrying  on  such  trades  or  occupations. 

By  an  act  of  1878  authority  was  given  to  the  Board  to  "  have 
general  supervision  of  water  supplies  "  and  to  investigate  the  pollu- 
tion of  them  and  its  causes.  It  was  also  empowered  to  issue  orders 
for  the  prevention  of  such  pollution.  This  act  was  repealed  in  1884  ; 
but  in  1886  another  statute  was  enacted,  the  scope  of  which  was 
much  broader  and  more  effective  in  its  operation,  since  it  not  only 
authorized  the  Board  to  make  experiments  and  investigations  in  the 
line  of  water  and  sewage  purification,  but  made  it  incumbent  upon 
all  cities,  towns,  corporations,  firms  and  individuals  to  seek  and 
obtain  competent  advice  before  introducing  systems  of  water  supply 
and  sewerage.  Liberal  appropriations  were  provided  for  carrying 
out  its  provisions. 

In  1882  an  act  was  passed  to  prevent  the  adulteration  of  food  and 
drugs  and  conferring  on  the  Board  the  authority  to  enforce  the  same. 
The  operations  of  the  Board  under  this  act  have  been  reported  in 
each  of  the  annual  reports  of  the  Board  during  the  past  thirteen 
years. 

Other  acts  of  minor  importance  have  from  time  to  time  been 
enacted,  increasing  gradually  the  executive  functions  of  the  Board 
while  its  advisory  powers  have  not  been  diminished.     Among  the 
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utes  of  this  character  may  be  named  the  act  relating  to  ice  sup- 
8,  the  supervision  of  crematories  and  the  act  giving  to  the  Board 
>rdinate  powers  with  local  boards  of  health  in  the  prevention  of 
spread  of  contagious  diseases. 

Infectious  Diseases. 

To  serious  epidemic  occurred  during  1895.  So  far  as  can  be 
ned  from  the  returns  of  infectious  diseases  made  to  the  Board 
er  statutory  provisions  diphtheria  had  increased  slightly  over  the 
valence  of  the  previous  year,  but  in  consequence  of  improved 
hods  of  treatment  had  not  proved  so  fatal  as  in  former  years. 
>  deaths  from  scarlet  fever  were  much  fewer  than  those  of  either 
3  or  1894,  those  from  typhoid  fever  were  slightly  less  than 
*e  of  1893  or  1894,  and  those  from  measles  were  greater  than 
se  of  1894  but  less  than  those  of  1893. 

Small-pox. 

)uring  the  year  1895  not  a  single  death  from  small-pox  has  been  ' 
orted  to  the  Board,  and  there  was  but  one  recorded  case  of  illness 
n  this  disease,  as  compared  with  a  total  of  185  cases  and  32 
ths  in  the  previous  year.  Had  this  single  case  been  cared  for  in 
State  where  the  disease  originated,  as  ought  to  have  been  done, 
should  have  been  able  to  record  an  absolute  immunity  from 
ill-pox  throughout  the  year.  The  patient  in  this  case  was  a 
lent  at  Yale  College,  where  he  was  taken  ill  and  was  allowed  to 
irn  to  his  home  in  Massachusetts,  travelling  through  two  States 
public  conveyances.  Had  unvaccinated  persons  or  those  not 
sntly  vaccinated  been  exposed  to  him  on  the  way,  the  conse- 
nces  might  have  proved  disastrous. 

"he  facts  in  this  case  are  presented  in  conformity  to  the  usual 
ik  form  employed  in  the  reports  of  recent  years. 


IPCs* 

Place. 

Date 
of  Report. 

Nationality. 

Age. 

Sex.    |  Occupation. 

Vaccinated.  '  Numbe' 
vaccinatea.  of  8car§ 

l 

Andorer. 

March  8 

United  8utea . 

18 

M. 

Student. 

Yea.                 2 

1 

'Hher  States  and  Provinces.  —  While  Massachusetts  was  so  nearly 
mpt  from  the  invasion  of  small-pox,  other  States  suffered  consid- 
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erably  from  its  presence  during  the  year.  In  compliance  with  the 
interstate  resolutions  adopted  at  Toronto  in  1886  notices  were  re- 
ceived from  the  following  States  and  provinces  with  reference  to  the 
existence  of  oases  of  small-pox  during  1895,  the  sum  total  being  at 
least  1,348  cases :  In  Maine  1  case,  New  Hampshire  19,  Connecticut 
4,  Rhode  Island  1,  New  York  2  (also  others,  the  number  not  stated), 
Pennsylvania  327,  Maryland  60,  Ohio  205  (chiefly  in  Cincinnati), 
Michigan  45,  Illinois  7,  Wisconsin  379  (chiefly  in  Milwaukee),  Mis- 
souri 267,  Tennessee  8,  Minnesota  4,  Alabama  1,  Oklahoma  7, 
Ontario  16 ;  total,  1,348. 

Notices  were  also  received  four  times  during  the  year  from  the 
immigration  office  at  New 'York  of  the  arrival  of  the  following 
steamers  with  cases  of  small-pox  on  board :  the  "  Ems  "  from  Bremen, 
May  28 ;  the  "  Mttnchen  "  from  Bremen,  June  19 ;  the  "  Marsala  " 
(mostly  Greeks),  October  6;  the  "California"  (mostly  Italians), 
December  3. 

The  names  of  immigrants  on  these  steamers  destined  for  Massa- 
chusetts, with  the  places  of  destination,  were  also  forwarded,  and 
were  immediately  transmitted  by  the  Board  to  the  local  boards  of 
health  in  the  cities  and  towns  to  which  such  immigrants  were  bound. 


Typhoid  Fever. 

The  number  of  requests  which  have  been  made  for  the  assistance 
of  the  Board  in  investigating  the  causes  of  typhoid  fever  has  mate- 
rially lessened  within  the  past  two  years,  the  cause  being  undoubt- 
edly due  in  a  great  measure  to  the  continuous  introduction  of  new 
and  purer  water  supplies  for  domestic  use  in  cities  and  towns,  and 
the  adoption  of  methods  of  protecting  existing  water  supplies  from 
pollution  and  the  purification  of  certain  waters  by  filtration. 

The  mortality  from  typhoid  fever  in  1894  was  only  3.1  per  10,000 
of  the  population. 

The  following  figures  represent  approximately  the  mortality  from 
this  disease  in  the  different  counties  of  Massachusetts  in  1894  per 
10,000  of  the  population  living  in  each  county.  They  show  not  only 
a  lessened  mortality  as  compared  with  the  figures  of  earlier  periods, 
but  also  a  greater  uniformity  in  the  different  counties. 
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XI 


xtih  Bate  per  10,000  Living  from  Typhoid  Fever  in  Massachusetts  (by 

Counties),  1894. 
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lire,     .... 

5.3 

Middlesex,    .... 

3.5 

,  .        •        •        •        • 
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Nantucket,    .... 
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»  .        •        •        •        . 
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Norfolk,        .... 

2.5 

•                  a                  •                 *                  . 

2.7 
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2.3 

in,       ... 
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Suffolk,         .... 

2.7 

ien,     .... 

2.3 

Worcester,    .... 
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The  Stats, 

■        .        • 

•          •          .          .          .          o» 

1 

e  of  the  most  common  means  by  which  typhoid  fever  is  spread 
g  the  population  is  the  milk  supply.  Epidemics  of  this  char- 
have  been  investigated  by  the  Board  in  recent  years  in  Cam- 
e,  Somerville,  Woburn,  Springfield,  Marlborough  and  Newton. 
i  such  epidemics  in  different  years  have  occurred  in  Cambridge, 

them  apparently  due  to  infection  of  the  milk  supply,  either  at 
urce  upon  the  producing  dairy  farms  or  at  the  place  of  collec- 
6r  distribution  in  the  city.  Hence  the  importance  of  securing 
reatest  care  in  preventing  the  occurrence  of  the  disease  among 
ns  employed  either  at  the  dairies  or  at  the  places  where  the 
cans  are  handled  and  cleaned,  at  the  final  place  of  distribution. 
arson  who  has  the  slightest  symptoms  of  typhoid  fever  should 
owed  to  engage  in  these  occupations  until  complete  recovery 
iken  place.  Mild  or  "ambulant"  cases  are  more  dangerous 
severe  cases,  in  which  the  sick  are  confined  to  bed,  since  the 
r  are  far  more  liable  to  infect  the  milk  supply,  as  has  been 

in  the  investigations  conducted  by  the  Board. 
a  following  rules  recommended  by  Dr.  Russell,  senior  medical 
:  of  health  of  Glasgow,  would,  if  everywhere  enforced  upon 

farms,  diminish  very  greatly  the  prevalence  of  typhoid  fever 
:  cities  and  towns :  — 


The  first  and  foremost  requirement  is  absolute  cleanliness  in  all  the 
i  of  dairy  work. 
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2.  The  cow  stable  should  be  of  ample  size,  capable  of  thorough  and 
frequent  cleaning ;  it  should  be  well  lighted,  preferably  by  sunlight,  and 
should  be  well  ventilated. 

8.  To  ensure  the  greatest  freedom  from  milk  infection,  the  farmhouse 
should  be  separated  from  the  buildings  used  for  dairy  purposes. 

4.  No  person  who  is  suffering  from  an  infectious  disease  (or  one  which 
conveys  any  suspicion  of  infection) ,  or  who  has  been  in  any  way  in  communi- 
cation with  an  infected  person  or  thing,  should  engage  in  the  milk  business. 

5.  The  milk  of  sick  animals,  or  of  those  which  have  suspicious  erup- 
tions about  the  udder  or  teats,  should  not  be  sold  for  food  for  human 
beings. 

6.  The  udder  and  teats,  if  soiled,  should  be  washed  before  milking ; 
warm  water,  soap  and  towels  should  be  at  hand  for  the  use  of  milkers,  who 
should  be  instructed  to  use  them  before  milking. 

7.  Healthy  cattle,  healthy  attendants,  and,  above  all,  perfect  cleanli- 
ness in  dairy  work  mean  money  both  to  the  producer  and  to  the  retailer  of 
milk. 

The  following  table  presents  the  statistics  of  mortality  from 
typhoid  fever  in  the  cities  of  Massachusetts  from  1871  to  1894, 
with  the  mean  annual  death  rates  from  this  cause  in  five-year 
groups. 

The  table  shows  a  notable  decrease  in  the  mean  annual  death  rate 
from  typhoid  fever  in  the  four  years  1891-94,  as  compared  with  the 
period  immediately  preceding. 
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Malarial  Fever. 

In  addition  to  the  appearance  of  malarial  fever  at  different  points 
in  the  State,  as  detailed  in  previous  reports  of  the  Board,  reports 
have  been  received  by  the  Board  during  the  past  year  relative  to  its 
appearance  in  two  additional  localities,  at  North  Saugus  and  at 
Uxbridge. 

Notice  of  its  appearance  at  North  Saugus  came  to  the  Board  in 
the  form  of  a  petition,  stating  that  the  city  of  Lynn  had  constructed 
reservoirs  in  North  Saugus  for  the  storage  of  water,  and  was  about 
to  build  another,  also  that  malarial  fever  had  been  prevalent  in  that 
village  since  their  construction.  The  petitioners  therefore  requested 
the  Board  "  to  investigate  the  matter  and  to  take  such  action  as 
may  be  necessary."  With  a  view  to  affording  relief  to  the  peti- 
tioners the  Board  caused  an  investigation  to  be  made  at  North 
Saugus.  A  house  to  house  visit  was  made,  which  resulted  in  the 
finding,  among  a  population  of  about  200  persons,  that  there  had  been 
21  cases  of  intermittent  fever  in  1894  and  in  the  first  six  months  of 
1895  there  were  13  more.  It  was  also  stated  that  there  had  been 
many  more  cases  in  1892  and  in  1893.  Five  households  had  escaped, 
mostly  on  higher  ground. 

In  compliance  with  this  petition  the  Board  held  a  hearing  in 
August,  1895,  at  which  the  board  of  health  of  Saugus  was  repre- 
sented, together  with  other  citizens  of  that  town  and  the  superin- 
tendent of  the  water  works  of  Lynn.  As  a  result  of  the  hearing, 
and  in  view  of  the  facts  elicited  upon  the  petition  relative  to  the 
construction  of  a  new  reservoir  by  the  Lynn  water  board  in  North 
Saugus  and  the  effects  of  such  construction  on  the  health  of  the 
adjacent  community,  and  in  consideration  of  the  methods  described 
by  the  constructing  engineer  and  the  superintendent  of  said  water 
board  with  reference  to  the  preparation  of  the  proposed  basin  and 
its  connections,  it  was  voted  "that  the  State  Board  of  Health  deems 
further  action  on  its  part  with  reference  to  the  new  reservoir  un- 
necessary, under  existing  conditions." 

Later  in  the  year  information  was  received  that  malarial  fever  was 
prevailing  in  Uxbridge,  and  a  request  was  received  from  the  local 
board  of  health  of  that  town  that  the  State  Board  would  investigate 
the  same.  An  agent  was  sent  to  Uxbridge  and  the  investigation  is 
in  progress  at  the  time  of  writing  this  report. 
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Consumption. 

a  keeping  with  the  progress  of  medical  science,  and  especially 
h  the  important  discoveries  which  have  been  made  in  the  history 
infectious  diseases,  their  causes  and  prevention,  the  methods  of 
ecting  the  existence  of  consumption  and  the  measures  taken  to  pre- 
t  its  spread  form  an  important  part. 

mprovements  in  ventilation  in  the  hygiene  of  industrial  opera- 
is,  the  proper  selection  and  inspection  of  the  food  supply,  the 
iction  of  improved  climatic  conditions,  the  management  of  dust 
.ho  household  and  workshop,  and  above  all  in  the  proper  disposal 
iestruction  of  the  sputa  of  the  sick,  all  have  without  doubt  had 
larked  effect  in  steadily  diminishing  the  mortality  from  this  de- 
lctive  disease. 

n  the  last  annual  report  (page  lxxv  et  seq.)  a  summary  of  the 
il  statistics  of  consumption  was  presented,  in  which  its  steady 
linution  during  a  period  of  nearly  a  half  century  was  shown. 
flTith  a  view  of  diffusing  popular  information  upon  the  best  methods 
preventing  tuberculosis  the  Board  issued  the  following  circular 
January,  1895,  which  was  distributed  throughout  the  State  to 
)h  persons  (chiefly  physicians  and  boards  of  health)  as  would  be 
fit  likely  to  appreciate  its  value  and  place  the  circular  where  it 
aid  prove  useful  in  the  prevention  of  the  disease. 

2lbcular  of  the  state  board  of  health  relative  to  tuberculosis 
or  Consumption  and  the  Best  Means  for  Preventing  It. 

'he  object  of  the  State  Board  of  Health  in  issuing  the  following  circular 
o  famish  information  (1)  as  to  the  nature  of  pulmonary  consumption, 
the  conditions  which  favor  its  spread,  and  (3)  the  best  methods  of 
renting  it. 

I.  —  As  to  the  Nature  of  Consumption. 

onsumption  is  the  most  destructive  disease  of  New  England,  the  num- 
of  persons  annually  dying  from  this  cause  in  Massachusetts  amounting 
learly  six  thousand.  Modern  research  places  it  among  infectious 
ases. 

he  specific  virus  or  poison  of  the  disease  consists  of  a  minute  germ,  the 
icillus  of  tuberculosis,"  which  exists  in  the  tissues  and  expectoration  of 
lick,  and  which  may  in  various  ways  enter  the  bodies  of  the  well  and 
odace  the  disease  in  them.  In  the  proper  care  and  disposal  of  the 
ctoration  of  the  sick,  it  is  probable,  lies  one  of  the  chief  methods  of 
enting  the  spread  of  the  disease. 
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2.  —  Conditions  which  favor  the  Spread  of  Consumption  among  Human 

Beings. 

Defective  ventilation.  One  of  the  cbief  conditions  which  i9  favorable  to 
the  production  of  consumption  is  the  continuous  and  habitual  breathing  of 
unrenewed  air.  Consequently,  in  workshops,  factories,  school  rooms,  pub- 
lic buildings,  halls,  churches,  and  the  inhabited  apartments  of  dwellings  and 
tenement-houses  the  absence  of  adequate  means  of  ventilation  favors  the 
spread  of  consumption. 

Dampness  of  soil  on  which  the  house  stands,  and  dampness  of  the  imme- 
diate neighborhood  are  favorable  conditions  for  the  production  of  consump- 
tion. The  occupancy  as  living  or  sleeping  rooms  of  apartments  which  are 
constantly  damp  or  are  partly  or  wholly  underground,  undoubtedly  has  a 
similar  effect. 

Overcrowding  in  dwellings,  in  factories,  and  in  workshops  where  men 
and  women  work  for  several  hours  each  day,  is  also  a  favorable  condition 
for  spreading  the  disease.  Density  of  population  increases  the  liability  to 
this  disease.  Observations  in  Massachusetts  extending  over  a  period  of 
twenty  years  (1871-90)  show  that  the  deaths  from  consumption  in  densely 
settled  districts,  as  compared  with  those  in  sparsely  settled  districts  of  the 
State  stood  in  the  ratio  of  1,000  deaths  in  the  former  to  727  in  the  latter. 

Another  factor  which  favors  the  spread  of  this  disease  is  the  presence  of 
dust  in  the  air  of  apartments,  factories,  mills  and  workshops.  Hence  oc- 
cupations or  trades  in  which  men,  women  or  children  are  exposed  to  the 
inhalation  of  irritating  dust  increase  the  liability  to  contract  the  disease 
among  such  operatives.  An  examination  of  the  reports  of  the  Registrar 
General  of  England  for  several  successive  years  shows  that  fishermen,  who 
are  of  all  classes  the  least  exposed  to  dust  inhalation,  are  also  comparatively 
exempt  from  consumption. 

Insufficient  and  badly  selected  food.  While  the  influence  of  improper 
and  insufficient  feeding  upon  the  predisposition  to  consumption  is  not  so 
directly  proven  as  are  the  effects  of  certain  other  conditions,  there  is  yet 
sufficient  evidence  to  show  that  a  restricted  diet  or  one  composed  exclusively 
of  single  elementary  constituents,  as  for  example,  the  starches  alone,  and 
these  in  too  limited  quantities,  probably  predisposes  to  consumption. 

Intemperance  in  the  use  of  alcoholic  stimulants  has  also  been  shown  to 
act  in  the  same  direction. 

Undue  physical  or  mental  strain,  overwork,  worry  and  anxiety,  and  the 
prolonged  suckling  of  infants  (beyond  ten  or  twelve  months)  are  conditions 
contributing  to  the  same  end. 

3.  —  Preventive  Measures. 

Having  the  foregoing  predisposing  conditions  in  view,  the  measures 
which  are  essential  for  the  prevention  of  this  disease  may  be  more  clearly 
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1.  The  prevention  of  overcrowding.  In  tenements  and  in  dwelling- 
oases  the  prevention  of  overcrowding  diminishes  the  liability  to  contract 
abercular  diseases  among  the  occupants. 

Hence  the  adoption  of  measures  which  shall  counteract  the  effect  of 
vercrowding  is  desirable.  Ventilation  is  one  of  the  most  efficient  of  such 
icasures.  Adequate  ventilation  should  be  provided  in  all  factories,  halls, 
shool-houses  and  other  buildings  in  which  people  assemble  in  considerable 
umbers.  Simple  methods  of  ventilation  in  the  living  and  sleeping  rooms 
f  dwellings  are  also  essential  to  healthy  living.  Open  fireplaces,  movable 
ransoms  in  sleeping  rooms,  provision  for  admitting  fresh  air  at  the 
indows  by  special  means  are  all  useful  precautions. 

2.  Household  as  well  as  personal  cleanliness  is  essential  to  the  preven- 
on  of  consumption.  The  removal  of  dust  from  floors  should  be  practised 
nd  care  should  be  taken  that  such  dust  is  removed  by  such  means  as  will 
osure  the  least  diffusion  through  the  air  of  rooms  during  their  occupancy. 

8.  Occupations.  The  selection  of  a  healthy  occupation  is  a  matter  of 
o  small  importance. 

Sedentary  occupations  in  ill-ventilated  apartments  and  those  which  ex- 
ose  the  workman  to  the  inhalation  of  dust  should  be  avoided.  Different 
>rts  of  dust  vary  in  harmful  effects.  The  sharp  dust  produced  in  the 
rinding  of  needles  and  steel  tools  and  in  the  mining  of  metals  is  especially 
ritating,  and  the  mortality  from  consumption  among  operatives  in  such 
idustries  is  high.  Operatives  engaged  in  such  occupations  may  diminish 
le  liability  to  harm  by  wearing  "  respirators"  over  the  mouth  and  nose, 
hile  at  work. 

In  several  factories  where  consumption  bad  made  serious  inroads  upon 
le  operatives,  the  adoption  of  measures  for  the  prevention  of  a  dusty 
tmosphere  secured  a  marked  diminution  of  the  prevalence  of  this  disease 
mong  the  workmen  employed  in  them. 

Regular  daily  exercise  in  the  open  air  is  of  the  first  importance  for  all 
enons  who  are  engaged  in  sedentary  occupations. 

The  owners  and  superintendents  of  factories,  mills  and  workshops  can 
ttomplish  much  toward  the  prevention  of  tuberculosis  among  the  operatives 
r  the  introduction  of  adequate  systems  of  ventilation  and  heating,  and  by 
e  use  of  hard,  smooth  floors  without  cracks  or  crevices. 
The  dust  should  be  removed  from  the  floors  at  night,  after  working 
ore,  and  not  during  the  occupancy  of  the  workrooms.  The  use  of 
nature  in  the  removal  of  dust,  and  careful  wiping  with  damp  cloths  is 
sferable  to  sweeping  up  the  dust  when  dry.  Spitting  upon  the  floor 
Mild  be  forbidden. 

4.  Food.  As  an  essential  requisite  to  the  prevention  of  consumption, 
liet  of  sound,  wholesome  food,  in  which  the  chief  elementary  forms  of 
triment  are  harmoniously  combined  (the  fats,  starches  and  proteids)  is 
ttssary.    Such  a  diet  should  consist  mainly  of  bread  and  the  various 
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cereals  with  batter  and  other  fats  in  generous  measure,  together  with  meat, 
fish  and  fruits.  This  does  not  imply  a  luxurious  or  expensive  diet,  but 
rather  one  that  is  nutritions  and  easily  digested. 

The  question  of  the  effect  of  the  use  of  the  meat  and  milk  of  tuberculous 
animals  does  not  yet  appear  to  be  so  well  settled  as  to  admit  of  an  unquali- 
fied conclusion. 

In  the  absence  of  absolute  and  definite  evidence,  it  is  therefore  desirable 
that  the  meat  of  all  suspected  animals  should  be  cooked  thoroughly  before 
using  it  as  food.  The  milk  of  such  animals  should  be  entirely  excluded 
from  the  food  supply. 

5.  Overtoork,  anxiety,  worry  and  exhaustion  should  be  avoided.  Mothers 
should  be  advised  to  wean  suckling  infants  by  the  end  of  the  first  year. 

Disposal  of  Sputa. 

6.  With  reference  to  those  who  are  sick  with  consumption  or  tubercu- 
losis, and  especially  with  reference  to  the  possibility  that  their  presence 
among  other  human  beings  may  prove  a  source  of  danger  on  account  of 
infection,  the  following  recommendation  as  to  the  disposal  of  the  expectora- 
tion of  consumptives  should  be  especially  noted. 

Observation  and  experiments  have  demonstrated  the  fact  that  in  this 
expectoration  (especially  when  dried)  lies  the  chief  danger  of  infection, 
and  hence  its  proper  disposal  becomes  a  matter  of  prime  importance. 
Therefore,  sputa  should  never  be  allowed  to  become  dry,  and  should  be 
destroyed  as  quickly  as  possible.  Copsumptives  should  be  instructed  not 
to  expectorate  about  rooms,  in  streets  or  highways,  in  railway  or  street 
cars,  or  in  vehicles  of  any  sort,  but  should  spit  into  rags  which  can  be 
burned,  or  into  cups  or  other  receptacles  containing  a  little  water  or  other 
material  which  may  be  thoroughly  disinfected  before  the  same  is  allowed 
to  pass  into  the  drain  or  sewer.  Such  receptacles  should  be  cleansed  with 
boiling  water. 

A  healthy  person  should  not  sleep  in  the  same  room  with  a  consumptive. 

Disinfection, 

7.  Sputa  may  best  be  burned  when  deposited  upon  pieces  of  cloth  or 
rags;  and  when  put  into  cups  or  receptacles  holding  water  the  whole 
should  be  disinfected  with  a  saturated  solution  of  carbolic  acid,  which  may 
be  obtained  of  any  reliable  druggist. 

Disinfection  should  be  practised  in  the  case  of  rooms  or  apartments 
which  have  been  vacated  by  consumptives  or  those  in  which  such  persons 
have  died.  There  is  a  growing  belief,  supported  by  observation,  that 
rooms  which  have  been  inhabited  by  consumptive  families  may  become 
permanently  infected,  and  ought  not  to  be  occupied  until  radical  measures 
have  been  taken  to  cleanse  and  disinfect  them.     Each  room  vacated  by  a 
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jrculous  patient  should  be  disinfected  and  especially  the  floor  and 
er  parts  of  the  walls.  For  this  purpose  washing  the  floor  and  all  wood- 
k  with  a  corrosive  sublimate  solution,  one  part  to  one  thousand  (about 
teaspoodful  to  a  gallon  of  water)  should  be  practised,  and  the  bed  and 
hing  of  the  last  occupant  should  be  submitted  to  steam  disinfection  or 
►oiling  water.  Strong  soapsuds  also  have  efficient  disinfecting  power, 
may  be  used  for  washing  floors  and  woodwork.  The  disinfection 
ild  be  thoroughly  done,  but  especially  so  in  cases  where  the  habits  of 
consumptive  in  regard  to  disposal  of  his  sputa  have  been  careless.' 

lS  a  means  of  spreading  information  upon  this  important  subject,  local 
rds  of  health  can  undoubtedly  accomplish  much  toward  the  prevention 
xrasumption,  by  issuing  a  circular  like  the  following :  — 

The  Prevention  of  Consumption. 

Consumption  is  the  most  destructive  disease  of  New  England,  the  number  of 

K>ns  dying  annually  from  this  cause  in  Massachusetts  amounting  to  nearly 

thousand. 

["he  disease  is  infectious,  and  can  be  communicated  from  one  person  to  another. 

i  chief  danger  exists  in  the  expectoration  of  the  sick,  and  if  this  expectoration 

arefully  destroyed  little  danger  need  be  feared. 

Consumptives  should  be  instructed  not  to  spit  upon  the  floors  of  rooms,  public 

s,  street  and  railway  cars,  and  other  vehicles,  nor  in  the  streets,  but  into  pieces 

doth,  or  receptacles  made  for  the  purpose,  containing  water,  or  a  saturated 

ition  of  carbolic  acid  (one  part  of  carbolic  acid  crystals  to  about  fifteen  parts  of 

er).    Such  bits  of  cloth  should  be  destroyed  by  fire,  before  the  sputa  become 

,  and  other  receptacles  should  be  cleansed  with  scalding  water,  their  contents 

ing  been  destroyed  or  otherwise  carefully  disposed  of.    Handkerchiefs  which 

f  have  been  used  from  necessity  should  be  boiled  half  an  hour  before  washing. 

k  healthy  person  should  not  sleep  in  the  same  room  with  a  consumptive. 

Remember  that  sputa  must  never  be  allowed  to  become  dry. 

OrncB  of  the  State  Board  or  Health,  Boston. 

January,  1896. 

Local  Boards  of  Health. 

Nearly  fifty  years  ago  (1850)  the  sanitary  commission  of  Massa- 
usetts  advised  the  obligatory  appointment  of  boards  of  health  in 
ery  city  and  town  in  the  State,  and  after  the  establishment  of  the 
Ate  Board  of  Health  in  1869  this  Board  frequently  called  attention 

the  need  of  legislation  having  this  end  in  view.  But  not  until 
177  was  legislation  enacted  requiring  such  boards  to  be  appointed 
i  a  compulsory  measure,  and  even  then  the  requirement  applied  to 
ties  only.     The  Board  has  from  time  to  time  urged  the  necessity 

further  legislation  requiring  similar  action  on  the  part  of  towns, 
d  especially  in  the  case  of  those  having  large  populations. 
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No  substantial  advance  has  been  made  in  this  direction,  however, 
until  the  enactment  of  a  law  in  1894,  of  which  the  following  is  a 
copy.  This  statute  (chapter  218,  Acts  of  1894)  was  amended  later 
in  the  session,  by  the  same  Legislature,  so  that  the  amended  act 
reads  as  follows :  — • 

[Chapter  218,  Acts  of  1894,  as  amended  by  chapter  473,  Acts  of  1894.] 

An  Act  providing  fob  the  election  of  boards  of  health  in  towns. 

Section  1.  Every  town  in  the  Commonwealth  may  elect  a  board  of 
health  by  ballot  at  the  annual  meeting  of  the  town,  or  at  a  meeting  legally 
warned  for  the  purpose,  consisting  of  three  persons,  to  serve,  one  for  the 
term  of  three  years,  one  for  the  term  of  two  years  and  one  for  the  term  of 
one  year,  beginning  with  the  first  Monday  in  April  then  next  ensuing  and 
until  their  respective  successors  are  chosen  and  qualified ;  and  thereafter 
such  town  shall,  at  its  annual  town  meeting,  choose  in  the  same  manner 
one  person  who  shall  hold  office  for  three  years  from  the  first  Monday  of 
April  then  next  ensuing,  and  until  another  is  chosen  and  qualified  in  his 
stead.  If  no  such  board  is  chosen  the  selectmen  shall  constitute  such 
board  of  health. 

Section  2  was  repealed  by  chapter  478  of  1894. 

Section  3.  In  each  city  and  town  having  a  population  of  more  than 
five  thousand  inhabitants,  as  determined  by  the  last  census,  at  least  one 
member  of  said  board  shall  be  a  physician,  and  the  board  shall  send  an 
annual  report  of  the  deaths  in  such  town  to  the  state  board  of  health. 
The  form  of  such  reports  shall  be  prescribed  and  furnished  by  the  state 
board  of  health. 

Section  4.  Section  three  of  chapter  eighty  of  the  Public  Statutes  is 
hereby  repealed.  Sections  two,  twenty-one,  twenty-eight,  twenty-nine, 
thirty,  thirty-one,  thirty-two,  thirty-three,  thirty-four  and  thirty-five  of 
chapter  eighty  of  the  Public  Statutes,  and  sections  one  and  two  of  chapter 
three  hundred  and  thirty-eight  of  the  acts  of  the  year  eighteen  hundred 
and  eighty-seven,  are  hereby  amended  by  striking  out  the  words  "  or  health 
officer,"  wherever  the  same  occur  therein.     [Approved  April  7,  1894. 

The  formation  of  an  organization  known  as  the  Massachusetts 
Association  of  Boards  of  Health  has  proved  a  decided  stimulus  to 
local  boards  in  consequence  of  the  advantages  secured  to  its  mem- 
bers by  means  of  mutual  discussion  of  the  many  questions  which  are 
constantly  occurring  in  the  work  of  municipal  sanitary  administra- 
tion. The  members  of  this  organization  consist  mainly  of  the  mem- 
bers of  local  boards  of  health,  and  of  such  other  persons  as  are 
especially  interested  in  public  hygiene.  Meetings  have  been  held 
quarterly  during  the  past  five  years  or  more,  and  at  each  meeting 
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33  relative  to  the  work  of  municipal  boards  have  been  presented 
discussion.  Committees  have  been  appointed  to  confer  with 
ilative  health  committees  with  reference  to  matters  of  importance 
:h  appear  to  require  further  legislation. 

be  association  publishes  a  quarterly  journal  in  which  its  transac- 
i  appear. 

Offensive  Trades. 

0  complaints  were  made  to  the  Board  during  the  year  under  the 
isions  of  the  acts  relating  to  offensive  trades,  and  consequently 
learings  were  held.  The  board  of  health  of  Newburyport  re- 
ted  the  advice  of  the  State  Board  in  regard  to  a  rendering  estab- 
nent  in  that  city,  situated  at  some  distance  from  the  populous 
of  the  city.  The  secretary  conferred  with  the  secretary  of  the 
[  board,  and  on  visiting  the  establishment  in  question  found  it  in 
xtremely  filthy  condition,  both  internally  and  externally,  some 
y  or  forty  carcases  of  horses  in  different  stages  of  decomposition 
?  unburied  upon  the  surface  of  the  ground,  while  many  others, 
fficiently  buried,  had  been  uncovered  by  dogs. 

lformatiun  was  received  that  the  premises  were  subsequently  put 
ood  condition  and  that  no  further  complaints  had  been  made  in 
tion  to  the  same. 

Local  Nuisances. 

1  very  considerable  part  of  the  correspondence  received  by  the 
rd  consists  of  letters  from  individuals,  or  of  petitions  signed  by 
iter  or  less  numbers  of  citizens,  requesting  the  State  Board  to 
e  local  nuisances  existing  in  cities  and  towns.  Often  such  letters 
petitions  call  the  attention  of  the  State  Board  to  the  fact  that  the 
1  board  of  health  has  been  requested  to  abate  the  nuisance  but 
either  refused  or  neglected  to  attend  to  the  matter. 

)  frequent  has  this  class  of  correspondence  become  that  the  State 
rd  has  issued  a  circular  which  is  used  as  a  reply  to  letters  of  this 
acter,  calling  attention  to  the  fact  that  the  State  Board  has  no 
er  or  authority  to  abate  an  ordinary  local  nuisance,  but  that 
le  power  is  conferred  upon  the  local  board  of  health  to  take  all 
er  measures  in  such  cases.  If  the  local  board  of  health  refuses 
eglects  to  comply  with  the  request  of  the  petitioners,  then  the 
er  may  be  referred  to  the  county  commissioners  under  the  pro- 
ns  of  chapter  80,  sections  36,  37  and  38,  but  not  to  the  State 
d  of  Health. 
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Food  and  Drug  Inspection. 

The  importance  of  an  abundant  and  wholesome  food  supply,  in 
the  preservation  of  the  health  and  strength  of  a  population,  cannot 
be  over-estimated. 

The  operations  of  the  Board  under  the  provisions  of  the  food  and 
drug  acts  have  in  each  year  from  1883  to  the  present  year  been  made 
the  subject  of  a  special  report,  in  which  are  presented  the  essential 
particulars  of  the  work  accomplished  during  the  year.  This  report 
upon  food  and  drug  inspection  presents  a  tabular  summary  of  the 
entire  work  from  1883  to  1895  inclusive,  together  with  the  report 
of  prosecutions  submitted  to  the  Legislature,  and  the  reports  of  the 
analysts  for  the  year  ending  Sept.  30,  1895. 

From  this  report  it  appears  that  7,309  samples  of  food  and  drugs 
were  examined  during  the  year,  at  a  total  cost  for  inspection,  col- 
lection, analysis  and  prosecution  of  $11,375.89. 

The  number  of  prosecutions  conducted  in  the  same  year  was  92, 
md  the  number  of  convictions  was  86,  or  93.5  per  cent. 

Bacteriological  Work  and  Organization  of  Department. 

Hitherto,  the  principal  department  of  bacteriological  investigation 

onducted  by  the  Board  has  chiefly  been  the  examination  of  drinking 

fater  supplies  with  reference  to  their  possible  contamination  with  the 

arms  of  typhoid  fever  and  kindred  diseases,  but  the  rapid  advances 

hich  have  been  made  in  recent  years  in  the  investigation  of  the 

itural  history  of  other  infectious  diseases,  and  the  methods  of 

eir  prevention  and  the  consequent  lessening  of  mortality  from 

ese  causes,  have  led  to  the  extension  of  this  work  into  other 

Ids. 

In  the  last  report  of  the  Board  (page  cvii)  reference  was  made  to 
*  work  which  had  been  initiated  by  the  Board  for  the  production 
antitoxin  and  its  distribution  to  boards  of  health  throughout  the 
ite.  For  this  purpose  the  services  of  Dr.  J.  L.  Goodale  were 
Jured.  He  entered  upon  his  duties  with  enthusiasm  and  success- 
ly  carried  out  the  plans  which  the  Board  had  designed  with  this 
1  in  view.  To  his  energy  much  is  due  for  the  successful  initiation 
this  new  and  important  line  of  work.  Since,  however,  it  appeared 
tirable  to  enlarge  the  scope  of  this  department,  it  was  deemed  best 
obtain  the  services  of  an  expert,  who  could  devote  his  whole  time 
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to  bacteriological  work  and  at  the  same  time  conduct  investigations 
in  such  new  fields  of  inquiry  as  might  be  presented. 

For  this  purpose  the  Board  appointed  Dr.  Theobald  Smith  of 
Washington,  D.C.,  formerly  Chief  of  the  Division  of  Pathology  of 
the  Bureau  of  Animal  Industry  of  the  Department  of  Agriculture. 
A  laboratory  was  established  in  the  building  known  as  the  Bussey 
Institution,  near  the  Forest  Hills  station  of  the  New  York,  New 
Haven  &  Hartford  Railroad,  where  facilities  were  also  offered  for 
stabling  and  caring  for  the  horses  required  for  antitoxin  production. 

More  recently  the  work  of  examination  of  cultures  in  suspected 
cases  of  diphtheria  was  entered  upon,  and  still  later  the  examination 
of  sputa  suspected  of  containing  the  bacilli  of  tuberculosis.  The 
appearance  of  malarial  fevers  in  regions  hitherto  uninvaded  has  also 
suggested  the  examination  of  the  blood  of  malarial  patients,  and  with 
this  end  in  view  circulars  have  been  issued  to  local  boards  of  health 
offering  the  services  of  this  department  in  making  the  necessary 
diagnostic  examinations. 

A  report  upon  the  production  of  antitoxin  may  be  found  among 
the  special  papers  in  this  volume,  and  in  the  next  annual  report  fur- 
ther information  will  be  given  in  relation  to  the  other  branches  of 
bacteriological  investigation. 

Lead  Poisoning  by  Means  of  the  Use  of  Lead  Pipe  for  the 

Conveyance  of  Drinking  Water. 

In  a  State  in  which  one  hundred  and  fifty  municipalities  are  sup- 
plied with  water  from  nearly  as  many  distinct  and  separate  sources, 
the  quality  of  the  water  furnished  to  consumers  presents  very  many 
points  of  difference,  as  is  specially  shown  by  the  reports  of  the 
Board  upon  the  examination  of  water,  issued  during  the  past  seven 
years. 

In  the  present  report  (page  30)  reference  is  made  to  the  present 
water  supply  of  one  town  (Kingston),  where  a  considerable  number 
of  cases  of  lead  poisoning  occurred  during  the  past  year. 

The  water  furnished  to  consumers  in  this  town  appears  to  have 
acted  with  unusual  power  upon  lead  pipes,  especially  upon  those 
which  were  comparatively  new.  It  was  also  found  on  investigation 
that  lead  pipe  was  used  in  Kingston  to  an  unusual  degree  for  house 
connections  with  the  street  pipes,  and  long  lines  of  such  service 
pipes,  several  hundred  feet  in  length,  were  employed  in  not  a  few 
instances. 
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These  facts,  together  with  a  careless  use  of  water  which  had  been 
allowed  to  stand  in  the  pipes  over  night,  undoubtedly  accounted  for 
the  cases  of  illness,  some  of  which  were  severe. 

An  investigation  is  now  being  conducted  by  the  Board  with  ref- 
erence to  the  question  of  lead  poisoning  by  drinking  water  supplies 
in  general,  and  will  be  reported  upon  in  a  future  report. 

The  State  Board  op  Health  Exhibit  at  the  Cotton  States 
and  International  Exposition  at  Atlanta,  Georgia. 

The  following  invitation  was  received  in  August,  1895,  from  the 
Secretary  of  the  Board  of  Managers  representing  Massachusetts  at 
the  Atlanta  Exposition  :  — 

Boston,  Mais.,  Aug.  21, 1895. 
To  the  Secretary,  Massachusetts  Board  of  Health,  State  House,  Boston. 

Dear  Sir  :  —  It  is  the  desire  of  this  Board  that  your  department  make 
an  exhibit  at  the  Cotton  States  and  International  Exposition,  Atlanta,  Ga., 
to  be  located  in  the  State  building  to  be  erected  on  the  Exposition  grounds. 
We  understand  that  you  are  willing  to  make  an  exhibit  of  this  kind. 

If  convenient,  as  a  matter  of  record,  we  should  like  to  know  what 
exhibits  you  intend  to  or  can  make  conveniently.  I  suppose  it  will  be 
scarcely  possible  for  you  to  give  this  statement  in  much  detail  at  this  time. 
Can  you  make  an  approximate  estimate  of  the  probable  cost  of  such  an 
exhibit  to  the  State,  including  of  course,  the  getting  of  it  to  Atlanta,  put- 
ting it  up,  and  properly  returning  it  into  your  possession  ? 

Very  truly  yours, 

Henry  G.  Kittredge, 

Secretary. 

The  Board  accepted  the  invitation  thus  tendered  to  them  and 
>laced  the  work  of  preparing  the  exhibit  in  charge  of  Prof.  Wra.  T. 
iedgwick,  who  had  successfully  managed  the  Board's  exhibit  of 
893  at  the  Columbian  Exhibition  at  Chicago. 
Ample  room  was  furnished  for  the  exhibit  in  the  second  story  of 
le  Massachusetts  building  at  the  Atlanta  Exposition. 
The  material  of  this  exhibit  was  essentially  the  same  as  that  which 
as  presented  at  the  Exposition  at  Chicago  in  1893,  and  was  do- 
lled in  the  twenty-fifth  annual  report  of  the  Board  (page  xviii), 
ith  such  additions  as  represented  the  progress  made  by  the  Board 
r  its  sanitary  work  during  the  two  years  which  had  elapsed  since 
e  World's  Fair.     These  were  chiefly  the  maps,  plans  and  report 
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showing  the  Metropolitan  water  supply,  plans  of  the  filter  for  puri- 
fying the  city  water  supply  of  Lawrence,  photographs  of  the  anti- 
toxin laboratory  at  Forest  Hills,  and  plans  of  the  more  recent  systems 
of  sewage  disposal  adopted  by  cities  and  towns  since  1893. 

The  directors  of  the  Exposition,  acting  upon  the  suggestion  of  the 
jury  of  award,  awarded  the  grand  prize,  or  gold  medal,  to  the  State 
Board  of  Health  "for  a  comprehensive  exhibit  of  the  means  and 
methods  adopted  by  the  Board  to  promote  the  health  of  the  people 
of  the  State  and  the  country." 


Manual  of  Health  Laws. 

The  Board  has  published,  at  intervals  of  three  or  four  years  since 
1882,  a  digest  of  the  laws  relating  to  public  health  in  force  in  this 
Commonwealth,  each  revision  containing  all  of  the  new  health  stat- 
utes and  amendments  up  to  the  date  of  publication,  together  with 
such  decisions  of  the  supreme  court  as  have  been  made  upon  cases 
which  have  been  referred  to  it  under  these  statutes.  This  manual 
has  proved  a  very  useful  aid  to  the  work  of  local  boards  of  health, 
as  well  as  to  all  persons  connected  with  or  interested  in  sanitary 
work. 

Water  Supply  and  Sewerage. 

The  engineering  department  of  the  Board  was  established  in  1886, 
by  authority  of  the  new  power  conferred  upon  the  Board  by  the  en- 
actment of  chapter  274  of  the  Acts  of  that  year.  F.  P.  Stearns, 
C.E.,  was  appointed  as  engineer  of  the  Board  in  September,  1886, 
and  continued  as  its  engineer  till  August,  1895,  when  he  was  ap- 
pointed engineer  of  the  Metropolitan  Water  Board,  and  X.  H. 
Goodnough  was  appointed  engineer  of  the  State  Board  of  Health. 

It  is  difficult  to  estimate  the  extent  of  the  useful  results  accom- 
plished under  the  provisions  of  this  act  during  the  ten  years  since  it 
became  a  law  of  the  Commonwealth. 

An  experiment  station  has  been  established  for  the  purpose  of  in- 
vestigating the  important  subjects  of  filtration  of  water  and  of  sewage  ; 
thousands  of  samples  of  water,  of  sewage,  of  sands,  gravels  and  other 
soils  have  been  examined ;  rivers,  brooks,  ponds,  lakes  and  springs 
have  been  visited  and  investigated  in  reply  to  applications  for  advice 
with  reference  to  their  usefulness  for  the  purposes  of  water  supply 
or  to  the  prevention  of  their  pollution ;   hearings  and  conferences 
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1  city  and  town  authorities  have  been  frequently  held,  and  advice 

been  given  under  the  statutes  to  municipal  authorities,  corpora- 
is,  firms  and  individuals  in  at  least  four  hundred  instances,  and  in 
58  in  which  the  value  involved  has  ranged  from  that  represented 
some  comparatively  small  seashore  water  supply  to  those  of  the 
;e  cities  involving  several  millions  of  dollars. 
n  this  department  have  been  planned  several  of  the  most  impor- 
i  and  extensive  schemes  relative  to  the  water  supply  and  sewer- 

of  large  communities. 

'hese  were  the  North  Metropolitan  sewerage  system,  providing 
the  sewage  disposal  of  eighteen  municipalities,  most  of  which  are 
bh  of  the  Charles  River.     This  plan  was  reported  to  the  Legislate 

in   1889,  and  was  then  ordered  to  be  constructed  and  is  now  in 
ration.     The  cost  of  the  works  has  been  about  $5,500,000. 
lie  planning  of  the  Metropolitan  water  supply  was  entrusted  to 
Board  and  was  reported  upon  in  1895,  and  is  now  in  course  of 
struction. 

his  extensive  work  will  provide  a  water  supply  for  twenty-eight 
licipalities,  containing  at  present  about  one  million  inhabitants, 
o  estimated  cost  of  $27,000,000. 

>ther  duties  entrusted  to  the  Board  of  a  similar  nature  were  the 
rovement  of  the  Concord  and  Sudbury  rivers,  the  improvement 
he  Neponset  River,  the  reporting  of  a  system  of  sewerage  and 
age  disposal  for  Salem  and  Peabody,  and,  in  connection  with  the 
ropolitan  Park  Commission,  the  improvement  of  the  lower  por- 
8  of  the  Charles  River,  and  later  still,  as  a  joint  Board  with  the 
bor  and  Land  Commission,  an  investigation  of  the  Green  Harbor 
>  and  marshes. 

he  work  of  the  Board  in  this  department  for  the  year  1895  is 
tented  in  this  report.  It  includes  the  following  topics :  Advice 
ities  and  towns,  details  of  the  examination  of  water  supplies  and 
ivers,  summary  of  water  supply  statistics  and  records  of  rain- 

the  hardness  of  water  and  methods  by  which  it  is  determined, 
ariments  upon  the  purification  of  sewage  and  water  at  the  Law- 
16  Experiment  Station,  methods  of  determining  the  numbers  of 
eria  in  sewage  and  water,  and  an  account  of  the  sewage  disposal 
ks  now  in  operation  in  the  State. 
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The  Sanitary  Condition  op  the  Neponset  Meadows. 

Daring  the  session  of  the  Legislature  of  1895  a  hearing  was  held 
by  the  legislative  committee  on  public  health  with  reference  to  the 
condition  of  the  Neponset  meadows  and  their  effect  upon  the  public 
health.  These  meadows  occupy  a  large  extent  of  territory  upon 
both  banks  of  the  Neponset  River  from  Walpole  through  the  towns 
of  Norwood,  Canton,  Hyde  Park  and  Milton,  nearly  to  the  sea. 

As  a  result  of  this  hearing  the  Legislature  enacted  the  following 
resolve :  — 

[Chapter  83  op  the  Resolves  of  1895.] 

RESOLVE    DIRECTING    THE    8TATB    BOARD    OF    HEALTH    TO    INVESTIGATE   THE 
8ANITABT  CONDITION  OF  THE   NEPONSET  MEADOWS. 

Resolved,  That  the  state  board  of  health  be  directed  to  investigate  the 
sanitary  condition  of  the  meadows  of  the  Neponset  river  and  the  beds, 
shores  and  waters  of  said  river  in  the  towns  of  Canton,  Sharon,  Norwood, 
Dedham,  Milton  and  Hyde  Park,  and  report  whether  their  condition  is  dan- 
gerous or  injurious  to  the  public  health  by  reason  of  stagnant  water  or 
refuse  from  manufactories,  or  other  causes.  If  said  board  shall  find  that 
the  condition  of  the  meadows  or  of  the  beds,  shores  or  waters  is  dangerous 
or  injurious  to  the  public  health,  they  shall  recommend  some  plan  for  im- 
proving their  sanitary  condition  and  for  the  removal  of  any  nuisance  there- 
from, and  report  the  same  to  the  next  general  court.  The  board  may 
expend  a  sum  not  exceeding  three  thousand  dollars  in  carrying  out  the 
provisions  of  this  resolve.     [Approved  May  9,  1895. 

Investigations  with  reference  to  the  subject  contemplated  by  this 
resolve  were  still  in  progress  at  the  time  of  printing  this  report. 

The  Sewage  Disposal  and  Drainage  of  Salem  and  Peabody. 

The  Legislature  of  1895,  after  consideration  of  a  petition  from 
the  mayor  of  Salem  for  a  commission  to  report  upon  a  system  of 
sewerage  and  sewage  disposal  for  Salem  and  Peabody,  enacted  the 
following  resolve :  — 

[Chapter  112  of  the  Resolves  of  1895.] 

Resolve   relative  to  sewage   disposal  and   drainage   in   salem  and 

PEABODY. 

Resolved,  That  the  state  board  of  health  is  hereby  authorized  and  directed 
to  consider  and  report  a  general  system  of  drainage  and  sewerage  for  the 
city  of  Salem  and  town  of  Peabody,  or  for  such  parts  of  said  city  and  town 
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t  all  of  which  shall  be  wholly  within  either  of  said  municipalities,  as  may, 
the  opinion  of  said  board,  be  best  drained  by  said  system.  It  shall  be 
b  duty  of  said  board :  —  First.  To  designate  the  portions  of  said  city  and 
wn  which  shall  be  tributary  to  and  embraced  in  the  district  and  system  to 

so  reported,  and  to  define  the  same  by  their  report,  with  plans  and  maps, 
cond.  To  define  and  show,  by  suitable  plans  and  maps,  such  trunk  line 
d  main  branches  as  it  shall  recommend  to  be  constructed,  with  outlet. 
lird.  To  consider  the  various  methods  of  disposal  of  sewage  and  the 
plication  of  such  methods  to  any  portion  of  the  territory  herein  mentioned  ; 
d  to  define  the  methods  by  which  said  city  and  town,  or  parts  of  said  city 
d  town,  may  utilize  said  trunk  line  and  main  branches  as  an  outlet  of  a 
stem  of  sewerage  and  drainage  for  said  city  and  town  and  said  parts  of 
id  city  and  town  respectively ;  and  to  show  the  same  by  plans  and  maps, 
►urth.  To  employ  such  engineering  and  other  assistance  as  may  be 
ceseary  for  carrying  out  the  objects  of  this  resolve,  and  to  cause  such 
rveys  and  levels  to  be  made  as  will  enable  said  board  to  determine  with 
curacy  the  location  and  grades  of  said  trunk  line  and  main  branches,  and 
10  such  surveys  and  levels  in  said  city  and  town,  and  parts  of  said  city 
d  town,  as  will  enable  said  board  to  determine  with  accuracy  the  methods 

which  said  city  and  town,  and  parts  of  said  city  and  town,  may  respeo- 
ely  utilize  said  trunk  line  and  main  branches,  and  to  report  such  methods 

plans  showing  the  main  lines  by  which  each  may  so  provide  for  itself  a 
item  of  sewerage  and  drainage  with  its  outlet  into  said  trunk  line  or  main 
inches.  Fifth.  To  define  the  size  and  capacity  of  said  trunk  line  and  main 
inches,  and  the  materials  of  which  they  should  be  constructed  and  man- 
r  of  construction,  and  such  other  particulars  as  will  enable  said  board  to 
termine  the  probable  expense  thereof ;  and  to  ascertain  and  report  the 
it  of  the  construction  of  said  trunk  line  and  main  branches  and  outlet, 
d  to  report  a  recommendation  as  to  the  methods  of  apportioning  said  cost. 
1  expenses  incurred  by  said  board  under  the  provisions  of  this  resolve 
ill  be  reported  to  the  governor  and  council,  and  all  such  expenses  when 
proved  by  them  shall  be  paid  out  of  the  treasury  of  the  Commonwealth  ; 
t  the  total  expenditure  shall  not  exceed  three  thousand  dollars.  The 
mmonwealth  shall  be  reimbursed  for  such  expenditure  under  this  resolve 
shall  have  been  approved  by  the  governor  and  council  in  the  following 
inner:  —  The  town  of  Peabody  and  the  city  of  Salem  shall  each  pay 
3h  proportion  of  the  above  expenditure  as  the  said  board  shall  deem  to 

equitable,  and  the  amounts  so  to  be  paid  by  each  shall  be  assessed 
d  collected  by  the  treasurer  of  the  Commonwealth  at  the  time  required 
r  the  payment  of  the  state  tax  of  said  town  and  said  city  respectively. 
Ed  board  shall  make  all  reports  required  by  this  resolve  to  the  general 
art  on  or  before  the  first  Wednesday  of  January  in  the  year  eighteen 
ndred  and  ninety-six.     [Approved  May  29,  1895. 
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The  State  Board  of  Health  began  the  work  required  by  the  fore- 
going resolve  in  June,  1895,  but  the  time  within  which  the  report 
was  to  have  been  submitted  to  the  Legislature  being  insufficient  for 
the  work  in  hand,  the  succeeding  Legislature  extended  the  time  to 
July  1,  1896. 

Health  op  Towns. 

A  digest  of  the  principal  facts  of  importance  published  in  the 
annual  reports  of  local  boards  of  health  occupies  the  final  pages  of 
this  report.  The  table  containing  the  number  of  cases  and  deaths 
from  certain  infectious  diseases  with  the  ratio  of  fatality  has  been 
transferred  from  this  portion  of  the  report  to  that  part  which  is 
entitled  "  Statistical  Summaries  of  Disease  and  Mortality." 

Routine  Work  of  the  Board. 

During  the  year  ending  Sept.  30, 1895,  the  Board  held  meetings  at 
least  once  in  each  month  during  the  year.  Meetings  of  such  of  the 
standing  committees  as  were  necessary  for  the  transaction  of  busi- 
ness were  also  held  from  time  to  time,  as  well  as  joint  sessions  with 
such  other  boards  or  commissions  as  were  prescribed  by  the  Legis- 
lature. 

The  office  of  the  Board  has  been  open  throughout  the  year,  as 
prescribed  by  the  Public  Statutes,  chapter  21,  section  10,*  for  the 
transaction  of  its  authorized  business. 

Advice  has  been  very  frequently  given  at  the  office  and  by  mail 
to  local  boards  and  to  individuals  in  regard  to  sanitary  matters,  and 
many  visits  have  been  made  by  the  secretary,  the  engineers  and  other 
experts  to  cities  and  towns  for  the  purpose  of  making  investigations 
and  giving  advice. 

The  work  of  the  office  has  become  materially  increased  during  the 
year,  in  consequence  of  being  made  a  central  office  for  the  distribution 
of  antitoxin  to  local  boards  of  health,  hospitals  and  physicians  in 
private  practice. 

The  statistics  of  mortality  compiled  from  the  weekly  postal  card 
returns  from  the  registering  authorities  of  cities  and  towns  have  been 
published  weekly  during  the  year  in  the  form  of  a  bulletin,  which 
also  contains,  once  in  each  month,  a  report  of  the  work  done  in  the 
line  of  food  and  drug  inspection,  together  with  the  prosecutions 

*  Office  hours,  9  a.m.  to  0  p.m  ;  Saturdays,  9  a.m.  to  2  p.m. 
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der  the  food  and  drug  acts,  and  other  important  information 
to  the  work  of  this  department.  In  addition  to  these  items 
also  published  in  the  same  bulletin  a  weekly  report  of  the 
of  cases  of  infectious  diseases  reported  by  the  local  boards 
tate  Board  of  Health. 

>llowing  table  presents  certain  statistical  data  relative  to  the 
Nork  of  the  Board :  — 

Statistical  Table  for  the  Year  ending  Sept.  80,  1895. 

mber  of  samples  of  foods  and  drugs  examined  during  the  year,  7,309 

f  milk  examined  (included  in  the  foregoing), .                .  8,794 

mber  examined  since  beginning  of  work  in  1883,  .  .  .  67,756 
mber  of  samples  of  milk  examined  since  beginning  of  work 

34,421 

f  prosecutions  against  offenders  during  the  year,     ...  92 

f  convictions  during  the  year, 86 

I  fines  secured  during  the  year, (2,625  00 

loyed  in  general  work  of  Board  at  central  office,  State  House :  — 

ary 1 

i 2 

nger, 1 


*1, 


4 


loyed  at  central  office,  State  House,  Boston,  for  food  and  drug 

>n,  chemists  and  assistants, 2 

*. 1 

—    3 

3 

6 

loyed  at  laboratory  (Bussey  Institute)  :  — 

ogist, 1 

mts, 3 

4 

Under  the  Provisions  of  Chapter  375,  Acts  op  1888. 

is  for  advice  from  cities,  towns  and  others :  — 

lg  to  water  supply, 38 

ig  to  sewerage  and  drainage, 9 

ig  to  pollution  of  streams, 5 


a. 


52 
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Number  of  samples  of  water  examined  chemically  and  microscopically 

at  the  Massachusetts  Institute  of  Technology, 2,250 

Number  of  samples  of  sewage  and  water  examined  chemically  and  bac- 

terially  at  the  Lawrence  Experiment  Station, 2,594 

Number  of  samples  of  sand  examined  chemically  and  bacterially  at  the 

Lawrence  Experiment  Station, 227 

Number  of  samples  of  sand  examined  mechanically  at  the  Lawrence 

Experiment  Station, 49 

Additional  samples  examined  bacterially  at  the  Lawrence  Experiment 

Station 6,073 


Total  number  of  samples  examined, 11,193 

Force  employed  at  central  office :  * — 

Chief  engineeer, 1 

Assistant  engineers, 2 

Stenographers  and  clerks,  ....                ....  2 

—    5 
At  Massachusetts  Institute  of  Technology :  — 

Chief  chemist, f 1 

Assistant  chemists, 5 

Chief  biologist,! 1 

Assistant  biologist, *  1 


—    8 

2 


At  Lawrence  Experiment  Station :  — 

Chemists, 

Bacteriologists, 3 

Other  assistants  and  laborers, 5 

—  10 

Total  ordinary  force  employed  under  chapter  375,  Acts  of  1888,  .  23 

Total  ordinary  force  in  all  departments, 37 

The  number  of  applications  for  advice  under  the  provisions  of  chap- 
ter 275,  Acts  of  1888,  received  since  July,  1886,  when  the  act  relat- 
ing to  water  supply  and  sewerage  first  went  into  operation,  is  as 
follows :  — 


1886, 8 

1887, 22 

1888, 28 

1889, 38 

1890, 23 

1891, 53 


lo«7^,   .<••••  ub 

1893, 51 

1894, 53 

1895, 52 

Total, 384 


*  Not  including  the  force  employed  npon  the  metropolitan  water  supply  investigations,  im- 
provement of  the  Charles,  Concord  and  Sudbury  and  Neponset  rivers,  or  Salem  and  Peabody 
sewerage. 

t  The  chief  chemist  and  biologist,  although  located  at  the  Massachusetts  Institute  of  Tech- 
nology, have  the  oversight  of  the  chemical  and  biological  work  at  the  Lawrence  Experiment 
Station. 
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KeOOMMEND  ATIONS . 

The  following  recommendation  was  made  to  the  Legislature  at 
he  beginning  of  the  session  of  1896  :  — 

The  Board  recommends  the  continuance  of  its  investigations  now  being 
arried  on  as  authorized  by  the  provisions  of  chapter  375  of  the  Acts  of 
888.  For  this  purpose,  and  to  make  the  necessary  investigations  in  order 
o  advise  cities,  towns,  corporations  and  individuals  in  regard  to  the  best 
nethods  of  assuring  the  purity  of  intended  or  existing  water  supplies  and 
be  best  method  of  disposing  of  sewage,  and  to  carry  out  the  other  pro- 
isions  of  chapter  375  of  the  Acts  of  1888,  the  Board  estimates  that  the 
urn  of  930,000  will  be  required. 


Expenditures. 

The  work  of  the  Board  is  conducted  under  the  provisions  of 
Bveral  statutes,  and  for  its  different  departments  of  work  these  ap- 
ropriations  are  annually  made,  one  for  the  general  work  of  the 
oard,  one  for  the  inspection  of  food  and  drugs  and  a  third  for  car- 
ring  out  the  provisions  of  chapter  375  of  the  Acts  of  1888,  relating 
•  the  protection  of  the  purity  of  inland  waters.  In  addition  to  the 
regoing,  special  appropriations  have  been  made  from  time  to  time, 

occasion  has  demanded,  for  the  purpose  of  enabling  the  Board  to 

nduct  special  lines  of  investigations. 

The  appropriations  for  the  different  departments  of  work  in  1895 

jre  as  follows :  — 

For  the  general  work  of  the  Board, $15,800 

For  food  and  drug  inspection, 11,600 

For  carrying  out  the  provisions  of  chapter  875,  Acts  of  1888, .        30,000 

Total 157,300 

[n  addition  to  the  foregoing  regular  lines  of  work  the  Board  was 

>  authorized  to  expend  a  sum  not  exceeding  $3,000  for  carrying 

the  provisions  of  a  resolve  directing  the  Board  to  "  investigate 

sanitary  condition  of  the  Neponset  meadows,"*  and  a  similar 

rant  for  the  purpose  of  devising  a  system  of  "sewage  disposal 

drainage  in  Salem  and  Peabody."f 

•  Chapter  83  of  the  BeioWes  of  1895.  t  Chapter  112  of  the  Resolves  of  1895. 
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The  expenditures  in  1895  under  the  foregoing  appropriations  were 
as  follows :  — 

General  Expenditures  Sept.  30, 1894,  to  Sept  30, 1895. 

Salaries, $4,820  00 

Travelling  expenses, 841  99 

Stationery, ^  192  73 

Printing 1,472  65 

Books,  subscriptions  and  binding, 196  89 

Typewriting  and  library  supplies, 18  18 

Telephone, 89  45 

Telegrams, 5  95 

Postage, 234  21 

Postal  orders, 7  38 

Express, 178  97 

Advertising, 35  15 

Wrapping  paper  and  twine, 27  39 

Copy  press, 30  00 

Zinc  plates,  etc., 35  92 

Extra  services, 45  00 

Drafting  diagrams, 22  00 

Services  of  messenger, 323  78 

Special  investigations, 325  92 

Cooking  utensils  and  enamelled  ware  for  analysis, .        .  17  19 

Ice  collection  for  analysis, 2  40 

Chemical  examinations, 9  00 

Recording  temperatures  of  Charles  River,       ...  2  00 

J.  W.  Smith  (weather  reports), 75  00 

Sundry  office  supplies  and  incidental  expenses,       .        .  297  25 

Inspection  services, 30  00 

f9,336  40 

Expenditures  at  Bacteriological  Laboratory. 

Salaries, 11,845  69 

Extra  services, )  99  00 

Services, > 

Labor  (care  horses,  etc.), 197  10 

Travelling, 24  92 

Apparatus,  chemicals  and  supplies, 2,244  02 

Purchase  of  horses  and  other  animals,      ....  199  85 

Board  of  horses, 596  32 

Express, 11  79 

Telephone, 30 

Postage, 71 

Stationery 2  99 

Duties  and  charges  on  imported  apparatus,     .        .        .  36  92 

Copy  press, 27  65 

Mailing  cases, 4  60 

5,214  86 

f  14,551  26 
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nder  Chapter  376  of  Acts  of  1888  {Protection  of  Purity  of  Inland 
Waters)  for  Calendar  Year  1895. 

eluding  wages  of  laborers  at  Lawrence  Experiment  Sta- 

124,147  50 

and  materials, 1,995  01 

oms  at  Massachusetts  Institute  of  Technology,         .        .  687  50 

wrence  Experiment  Station  (eleven  months),  .        .        .  187  50 

expenses, 1,285  51 

irges, 708  54 

8  and  office,  Lawrence  Experiment  Station,               .  235  84 

onery  and  drawing  materials, 513  37 

prints  and  photographs, 88  65 

llecting  samples,         .                17  30 

mps, 72  08 

i,  telegrams  and  telephone  messages,         ....  15  22 
95  96 

$29,999  98 

or  Food  and  Drug  Inspection  for  Tear  ending  Sept.  30, 1895, 

analysts, $4,500  01 

inspectors, 3,963  32 

expenses  and  purchase  of  samples, 1,825  00 

and  chemicals, 911  76 

4  00 

2  40 

>, 2  80 

ces, 45  00 

ill  supplies, 29  60 

ces, 92  00 

111,375  89 


H.   P.   WALCOTT, 
H.   F.   MILLS, 

F.  W.   DRAPER, 

G.  C.  TOBEY, 
J.  W.  HULL, 
C.  H.  PORTER, 
J.  A.  MEAD. 
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[PROVEMENT  OF  THE  CONCORD  AND  SUDBURY  RIVERS. 


i  the  la9t  annual  report  of  the  Board  (page  cviii)  reference  was 
e  to  the  enactment  of  a  statute  of  1894  providing  that  the  Board 
ild  conduct  certain  operations  upon  the  Concord  and  Sudbury 
rs  for  the  purpose  of  improving  the  condition  of  the  meadows 
g  their  banks. 

fter  conducting  this  work  as  directed,  the  Board  made  the  fol- 
Dg  report  to  the  General  Court  in  February,  1896,  under  the  title 
ouse  Document  No.  891 :  — 

COM  MOM  WEALTH  OF  MASSACHUSETTS. 

Boston,  Feb.  6,  1896. 

e  improvement  of  the  Concord  and  Sudbury  rivers  has  been  carried  on 
e  authority  of  chapter  four  hundred  and  twenty-six  of  the  acts  of 
?en  hundred  and  ninety-four,  section  one,  which  is  as  follows :  — 

3  State  Board  of  Health  is  hereby  authorized  and  directed  to  expend  during 
rrent  year  a  sum  not  exceeding  twenty  thousand  dollars,  in  dredging  the 
i  the  Concord  and  Sudbury  rivers  above  the  dam  at  North  Billerica  and  re- 
I  the  weeds  from  said  rivers,  and  in  such  other  measures  as  shall,  in  the 
i  of  the  board,  tend  to  the  restoration  of  the  marshes  along  the  said  rivers 
r  original  condition  and  to  the  abatement  of  malaria  and  other  perils  to  the 
health  arising  from  .the  present  state  of  the  same.     [Approved  May  24% 

also  provided  in  the  act  that  one-half  the  expense  incurred  shall  be 
f  the  owners  of  lands  benefited  by  the  improvement,  the  other  half  be- 
d  by  the  state. 

portion  of  the  Concord  and  Sudbury  rivers  referred  to  extends  from 
o  across  the  Concord  River  at  North  Billerica  for  a  distance  of  about 
•five  miles  up-stream  to  a  point  in  Way  land.  Within  this  distance 
as  a  large  number  of  bars  over  which  the  water  was  only  from  two 
feet  in  depth  in  the  summer  season.  At  these  shallow  places  there 
lally  a  rank  growth  of  weeds,  greatly  obstructing  the  flow  of  the 
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The  subject  of  the  improvement  of  these  meadows  has  been  brought  to 
the  attention  of  the  legislature  from  time  to  time  for  many  years.  Old  re- 
ports refer  to  petitions  to  the  legislature  in  sixteen  hundred  and  thirty-six 
and  again  in  sixteen  hundred  and  forty-five,  on  account  of  the  wetness  of 
these  meadows.  Other  petitions  in  seventeen  hundred  and  forty-two, 
seventeen  hundred  and  eighty-nine  and  eighteen  hundred  and  sixteen  are 
also  referred  to,  and  previous  to  eighteen  hundred  and  sixteen  and  since 
that  time  there  has  been  much  litigation  between  the  meadow  owners  and 
the  owners  of  the  dam  at  North  Billerica  and  the  city  of  Boston,  which 
formerly  let  down  water  from  compensating  reservoirs  in  Hopkintown  and 
Marlborough.  During  the  years  from  eighteen  hundred  and  fifty-nine  to 
eighteen  hundred  and  sixty-two  the  matter  was  before  the  legislature,  and 
in  eighteen  hundred  and  sixty  an  act  (chapter  two  hundred  and  eleven)  was 
passed,  appointing  three  commissioners  with  authority  to  lower  the  dam  at 
North  Billerica  thirty-three  inches.  In  eighteen  hundred  and  sixty-one 
by  chapter  one  hundred  and  fifty-four  the  act  of  eighteen  hundred  and  sixty 
was  suspended  until  the  first  day  of  May,  eighteen  hundred  and  sixty-two, 
and  a  commission  was  appointed  to  ascertain  whether  the  dam  at  North 
Billerica  caused  the  flooding  of  the  meadows.  The  report  of  this  commis- 
sion and  its  extended  surveys  formed  the  basis  for  the  act  of  the  legislature 
in  eighteen  hundred  and  ninety-four.  Some  of  its  conclusions  were  as 
follows :  — 

"  Fourth.  Neither  any  change  which  can  be  made  in  the  height  of  the 
dam,  nor  removing  the  dam  altogether,  will,  alone,  afford  substantial  relief 
to  the  meadows. 

"  Fifth.  Keeping  the  river  clear  of  weeds  will,  alone,  in  the  ordinary 
state  of  the  river,  reduce  the  level  of  the  water  surface  at  the  great  mead- 
ows in  Wayland  and  Sudbury  six  inches  ;  but  this  will  not  afford  substan- 
tial relief  to  the  meadows. 

u  Sixth.  Removing  all  obstacles  to  the  flow  of  the  water  except  the 
dam  at  North  Billerica,  and  leaving  the  dam  at  its  present  height,  will  not 
substantially  relieve  the  meadows. 

"  Eighth.  The  meadows  can  be  effectually  relieved  only  by  reducing  the 
height  of  the  dam  thirty-three  inches  or  more ;  cutting  out  the  Fordway 
and  other  bars,  and  deepening  the  shallow  places  in  the  river  to  such  an 
extent  that  they  shall  cease  to  form  any  obstruction  to  the  free  passage  of 
the  water  in  the  ordinary  condition  of  the  river ;  straightening  the  channel 
in  a  few  places ;  and  thereafter  keeping  the  river  free  from  weeds.  In 
this  way  the  meadows  may  be  so  relieved  as  to  become  fit  for  cultivation 
and  valuable." 

The  expenses  of  this  commission  amounted  to  $18,730.  Chapter  one 
hundred  and  forty  of  the  acts  of  eighteen  hundred  and  sixty-two  repealed 
the  act  of  eighteen  hundred  and  sixty  for  removing  the  dam. 
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ton  the  passage  of  the  act  of  eighteen  hundred  and  ninety-four  the 
1  took  the  matter  immediately  under  consideration  and  succeeded  in 
lg  the  original  plans  made  by  the  commission  of  eighteen  hundred  and 
-one,  also  a  profile  showing  the  effect  of  various  changes,  such  as  the 
ring  of  the  dam,  the  removal  of  weeds  and  the  excavation  of  the  bars, 
dition  to  the  lowering  of  the  dam.  Note-books  containing  the  original 
9  were  also  obtained. 

ie  method  of  operating  the  water  power  at  North  Billerica  during  the 
covered  by  the  investigations  was  found  to  be  for  some  reason  entirely 
•ent  from  what  it  was  in  1861,  the  water  in  the  millpond  under  ordinary 
tier  conditions  now  being  drawn  from  twelve  to  eighteen  inches  below 
op  of  the  flashboards  in  the  day  time,  but  filling  up  and  running  freely 
the  flashboards  again  at  nine  or  ten  o'clock  at  night;  whereas  in  1861 
rater  was  almost  invariably  above  the  top  of  the  flashboards  throughout 
lay  except  when  the  water  was  purposely  maintained  at  a  low  level, 
ccount  of  this  change  in  the  method  of  operation,  the  old  report  gives 
little  information  as  to  the  effect  of  lowering  the  water  at  the  dam 
ig  the  day  by  the  ordinary  operation  of  the  mills  upon  the  water  in  the 
pool  above  the  Fordway  bar. 

ie  diversion  of  water  from  the  Sudbury  River  watershed  by  the  city  of 
hi  has  caused  a  lowering  of  the  water  in  the  summer  season  along  the 
below  the  point  of  diversion,  so  that  the  conditions  in  this  respect 
are  different  from  what  they  were  in  1861.  The  conditions,  on  the 
e,  were  found  to  be  such  that  the  board  found  it  necessary  to  make  an 
tigation  to  determine  how  great  an  improvement  of  the  river  could  be 
t  by  the  expenditure  of  $20,000  and  whether  the  probable  result  to  be 
ned  would  warrant  the  expenditure  proposed. 

e  investigations  indicated  that  with  a  higher  flow  than  often  occurs 

g  July  and  August  it  was  not  probable  that  the  water  at  Farm  Bridge 

lyland  would  stand  more  than  two  feet  two  inches  above  the  level  of 

ashboards  of  the  dam  at  North  Billerica,  unless  water  was  being 

d  from  the  dams  of  the  Boston  waterworks  into  the  river  below  in 

on  to  the  small  amount  which  the  city  of  Boston  is  required  to  let  run 

river.     With  the  flow  of  water  which  makes  the  height  of  the  water 

*m  bridge  two  feet  two  inches  above  the  level  of  the  top  of  the  flash- 

i  the  depth  of  the  water  flowing  over  the  flashboards  in  the  morning 

at  five  inches ;  consequently,  the  height  of  the  water  at  Farm  bridge 

his  amount  of  water  flowing  was  only  one  foot  nine  inches  above  the 

if  the  water  in  the  millpond  just  above  the  dam.     As  no  stream  will 

aless  the  water  has  a  slope,  it  was  obvious  that  the  most  extended 

rement  of  the  river  which  could  be  made  without  lowering  the  water 

dam  would  lower  the  water  at  Farm  bridge  less  than  one  foot  nine 
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The  first  bare  upon  the  stream  above  North  Billerica  begin  about  eighteen 
hundred  feet  from  the  dam,  where  there  is  a  narrow  rocky  channel  extend- 
ing for  a  distance  of  five  hundred  feet  up-stream.  About  four  hundred 
feet  above  its  upper  end  and  about  half  a  mile  from  the  dam  is  the  Fordway 
bar,  which  extends  for  a  distance  of  seven  hundred  feet  up-stream.  About 
six  hundred  feet  above  the  Fordway  bar  is  Pollard's  bar,  which  is  about  half 
as  long  as  the  Fordway  bar  and  at  a  considerably  lower  level.  The  total 
fall  over  these  bare  in  the  morning  when  the  water  was  flowing  over  the 
dashboards  at  the  dam  was  found  to  be  only  about  three  inches,  and  any 
improvement  which  could  be  made  at  these  bars  with  the  sum  which  would 
be  available  would  have  been  sufficient  to  lower  the  water  only  a  very  small 
amount  at  this  place  unless  there  was  also  a  lowering  of  the  dam. 

In  the  course  of  the  investigations  it  was  learned  that  during  the  summer 
season  the  quantity  of  water  which  can  be  utilized  in  daytime  at  the 
dam  is  limited  by  the  obstruction  caused  by  the  Fordway  bar  and  the  nar- 
row rocky  channel  below  it.  Owing  to  these  obstructions  the  mills  cannot 
use  in  the  daytime  the  full  flow  of  the  river  during  the  twenty-four  hours, 
for  a  portion  of  it  runs  to  waste  over  the  flashboards  at  night.  If  these 
obstructions  should  be  partially  or  wholly  removed,  the  mills  could  use  a 
greater  proportion  of  the  total  flow  of  the  river  and  the  water  power  would 
be  benefited  thereby.  There  was  some  question,  therefore,  whether  in 
view  of  this  benefit  the  mill  owners  might  not  be  willing  to  lower  their 
flashboards  by  an  amount  dependent  upon  the  improvement  of  the  chan- 
nels, and  in  case  such  an  arrangement  had  been  made  the  river  above  the 
Fordway  bar  would  have  received  the  full  benefit  of  the  lowering  of  the 
flashboards  and  a  slight  additional  lowering  due  to  the  greater  capacity  of 
the  channel  through  the  bar ;  but  the  bars  in  the  vicinity  were  found  to  be 
composed  of  hard  material  which  would  have  been  expensive  to  move  and 
would  have  limited  the  improvement  in  the  rest  of  the  river  to  such  a  de- 
gree that  a  satisfactory  and  permanent  improvement  of  the  channel  above 
could  not  have  been  made  with  the  amount  of  money  available ;  and  in 
view  of  all  the  circumstances  the  conclusion  was  reached  that  the  money 
could  best  be  spent  in  dredging  the  bars  in  the  river  farther  up. 

Several  plans  were  considered,  one  of  which  provided  for  cutting  a  chan- 
nel thirty  feet  wide  on  the  bottom  through  the  bars  in  Concord  below  the 
Assabet  River,  and  twenty  feet  wide  on  the  bottom  through  the  bars  above 
the  Assabet,  as  far  as  the  bar  just  above  Farm  bridge.  The  bottoms  of 
these  channels  were  to  be  five  feet  below  the  water  level  after  the  improve- 
ment had  been  completed ;  but  it  was  not  proposed  to  make  any  channel 
through  a  few  bars  where  the  depth  was  about  four  feet,  as  the  depth  of 
water  over  these  bars  was  so  great  that  they  did  not  obstruct  the  flow  of 
the  water  in  more  than  a  slight  degree.  A  depth  of  five  feet  was  decided 
upon  to  prevent  the  future  obstruction  of  the  channel  by  weeds. 
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ovement  proposed,  it  was  estimated,  would  make  do  change  in 

the  water  below  Barrett's  bar  in  Concord.     Above  this  point 

be  a  redaction  in  the  height  of  the  water  of  five  inches  at  the 

the  Sudbury  and  Assabet  rivers,  nearly  six  inches  from  a  point 

ars  in  Concord  to  a  point  just  below  Robbins'  bar,  seven  inches 

Bobbins'  bar,  and  ten  and  one-half  inches  at  Farm  bridge. 

into  were  estimated  upon  the  basis  of   a  fairly  high  summer 

s  is  unusual  in  July  and  August,  though  it  is  exceeded  in  wet 

int  of  lowering  of  the  river  that  could  be  obtained  was  so  small 
deciding  to  enter  upon  the  work  the  Board  consulted  with  the 
ners,  who  were  to  pay  half  the  cost,  as  to  whether  this  amount 
;  of  the  surface  of  the  river  was  sufficient  in  their  opinion  to 

expenditure.  A  meeting  was  held  July  26, 1894,  and  the  mat- 
ed to  the  meadow  owners  by  the  Board.  The  meadow  owners, 
ig  the  opinion  of  the  Board  as  to  the  amount  of  improvement  that 
jomplished  by  the  proposed  plan,  held  a  meeting  and  subsequently 
ie  Board  that  it  was  their  earnest  desire  that  the  plan  be  car- 
proposed.  Upon  the  meadow  owners  expressing  a  desire  that 
Duld  be  done  as  proposed,  the  Board  at  once  prepared  plans  and 
for  proposals  for  the  excavation  of  the  proposed  channels,  and  a 
s  awarded  August  30,  1894,  for  the  excavation  of  the  various 

rate  of  33 £  cents  per  cubic  yard.  The  contractor,  however, 
irnish  satisfactory  sureties,  bids  were  again  asked  for  and  the 
bsequently  awarded  to  the  Eastern  Dredging  Company,  who 
b  at  the  time  the  contract  was  previously  awarded  and  were  now 
ndders,  at  48  cents  per  cubic  yard.  The  contract  was  made 
22,  1894,  the  contractors  agreeing  to  complete  the  work  by  De- 
895.  The  time  required  for  the  preparation  and  transportation 
j  to  Concord  to  begin  the  work  was  such  that  owing  to  the  late- 
season  the  beginning  of  the  work  was  postponed  until  the  spring 
en  the  dredging  in  the  stream  was  begun  April  4.  The  work  was 
from   this  time  until  the  twenty-first  of  December,  and  the 

all  the  bars  up  to  the  canal  bridge  in  Way  land  was  completed. 
e  bars  dredged,  with  the  total  number  of  cubic  yards  removed 
is  given  in  the  following  table  : — 
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To  payment  has  been  made  for  dredging  done  in  the  month  of 
r  after  the  date  fixed  in  the  contract  for  the  termination  of  the 


ition 120,000  00 

f  engineers  and  assistants,  including  prelim- 

vestigation  and  the  inspection  of  the  work, .        .  f  2,935  35 

I  expenses  and  subsistence  of  engineers,     .        .  330  83 

Brn  Dredging  Company, 11,791  20 

195  86 

dns  of  gauges, 59  05 

for  boats 24  15 

;  instruments  and  repairs, 9  20 

r  and  postage, 3  90 

materials, 6  33 

plans, 5  90 

43  65 

>e  and  other  supplies, 20  13 

je, 2  20 

b  and  telegraph  messages, 11  14 


'» 


15,438  89 


ice  unexpended, $4,561  11 

of  amount  of  work  done  after  December  1,        .     $992  90 

ar  cent  held  back  from  monthly  estimates,  .        .    2,256  02 

3,248  92 

ice  to  apply  for  dredging  above  Canal  bridge,    .  $1,312  19 

ire  no  other  outstanding  bills. 

aterial  dredged  has  been  disposed  of  generally  by  dumping  it  into 
at  places  where  it  is  wide  and  deep ;  but  material  taken  from  the 
bar  and  much  of  that  from  the  Canal  bar  was  deposited  upon  the 
f  the  meadows  near  the  river. 

remain  to  be  dredged  between  3,000  and  4,000  yards  in  order  to  corn- 
work  as  planned,  and  I  estimate  that  if  the  amount  unexpended  is  re- 
tted there  will  still  be  needed  an  additional  appropriation  of  $1,000. 
ging  of  a  portion  of  the  Canal  bar  under  the  Canal  bridge  will 
•e  omitted  unless  the  bridge  is  removed,  because  any  movement  of 
under  or  near  the  bridge  would  be  likely  to  cause  it  to  collapse. 

Respectfully  submitted, 

X.  H.  Goopnough, 

Acting  Chief  Engineer. 
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The  Vital  Statistics  of  Massachusetts  for  1894. 


In  the  last  report  of  the  Board  the  subject  of  the  vital  statistics 
the  population  was  treated  with  greater  fulness  of  detail  than  had 
ten  devoted  to  this  subject  in  previous  reports  in  consequence  of 
e  increasing  demand  for  information  of  this  character,  as  well  as 
t  account  of  the  fact  that  vital  statistics  form  the  basis  upon  which 
rery  large  share  of  sanitary  science  is  founded. 
In  the  present  summary  a  similar  method  of  treating  the  subject 
11  be  employed  with  that  which  was  followed  in  presenting  the 
ta  for  1893,  some  of  the  longer  tables  being  omitted. 

Population. 

Since  the  population  forms  the  standard  or  basis  of  comparison  in 
statements  of  vital  statistics  a  brief  statement  of  the  population 
1  be  presented  in  the  following  summary :  — 
Hie  census  of  Massachusetts  is  taken  every  five  years,  that  of 
r0,  1880,  1890,  etc.,  by  the  general  government,  and  that  of  the 
arvening  periods,  1885,  1895,  etc.,  by  the  State. 
The  present  summary  of  the  vital  statistics   of  1894,  although 
iting  to  a  year  previous  to  the  taking  of  the  State  census,  has  the 
antage  of  the  census  of  1895  as  a  basis   of  comparison,  since 
iter  accuracy  is  secured  by  estimating  the  population  iu  a  year 
rvening  between  two  census  years  than  in  estimating  that  of  a 
r  following  a  census  year,  the  population  at  a  future  census  being 
nown. 

he  population  of  Massachusetts  in  1890  was  2,238,943,  and  that 
895  was  2,500,183,  the  rate  of  increase  (geometric)  between  the 
census  years  having  been  a  little  over  2.23  per  cent,  annually. 
f  the  total  population  of  2,500,183  in  1895  1,214,701  were 
$8  and  1,285,482  were  females. 

ie  following  table  presents  the   summary  of  the   census   and 
dated  populations  of  the  State  from    1842  to   1895,  together 
the  numbers  of  marriages,  births  and  deaths  in  each  year  up  to 
including  1894. 

ie  marriage,  birth  and  death  rates  for  the  same  years  are  also 
l,  together  with  the  excess  of  births  over  deaths  in  each  year. 
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Table  1.  —  Marriages,  Births  and  Deaths  in  Massachusetts  (1842-1894),  with 

Pojmlation  and  Rates  per  1,000  Living. 
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19.68 

5.16 
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966,246 

6,936 

26,773 

20,423 

6,360 
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26.70 

21.16 

5.64 

1850,     .... 

994,514 

10,346 

27,664 

16,606 

11,058 

20.80 

27.82 

16.70 

11.12 

1861,     .... 

1,020,673 

11,966 

28,661 

18,934 

9,727 

1    23.44 

28.08 

18.66 

9.53 

1862,     .... 

1,047,620 

11,678 

29,802 

18,482 

11,320 

22.10 

28.46 

17.64 

10.81 

1863 

1,075,072 

12,828 

30,920 

20,301 

10,619 

1    23.86 

28.76 

18.88 

9.88 

1864 

1,103,360 

13,683 

31,997 

21,414 

10,583 

24.80 

29.00 

19.41 

9.69 

1855,     .... 

1,182,869 

12,329 

32,846 

20,798 

12,047 

21.77 

29.01 

18.37 

10.64 

186(5,     .... 

1,151,461 

12,265 

34,445 

20,734 

13,711 

21.30 

29.91 

18.00 

11.91 

1867 

1,170,864 

11,789 

36,320 

21,280 

14,040 

20.05 

30.16 

-  18.17 

11.99 

1868,     .... 

1,190,684 

10,527 

34,491 

20,776 

13,715 

17.68 

28.97 

17.45 

11.52 

1869,     .... 

1,210,657 

11,476 

36,442 

29,976 

14,466 

18.96 

29.28 

17.33 

11.96 

I860,     .... 

1,231,067 

12,404 

36,051 

23,068 

12,983 

20.16 

29.28 

18.74 

10.64 

1861 

1,238,177 

10,972 

35,445 

24,086 

11,360 

17.72 

28.63 

19.46 

9.17 

1862 

1,245,328 

11,014 

32,275 

22,974 

9,301 

17.69 

25.92 

18.45 

7.47 

1863 

1,262,521 

10,873 

30,314 

27,751 

2,563 

17.36 

24.20 

22.15 

2.05 

1864,     .... 

1,259,756 

12,513 

30,449 

28,753 

1,696 

19.87 

24.17 

22.83  , 

1.35 

1885,     .... 

1,267,031 

13,051 

30,249 

26,152 

4,097 

20.60 

23.87 

20.64 

f 

3.23 

1866 

1,302,992 

14,428 

34,085 

23,637 

10,448  1 

22.14 

26.16 

18.14  1 

8.02 

1867,     .... 

1,339,976 

14,451 

35,062 

22,773 

12,289 

21.57 

26.17 

17.00 

9.17 

1868,     .... 

1,378,010 

13,856 

36,193 

25,603 

10,590 

20.12 

26.26 

18.58  , 

7.68 

1869,     .... 

1,417,125 

14,826 

36,141 

26,054 

10,087  1 

20.92 

25.50 

18.39 

7.12 

1870,     .... 

1,457,351 

14,721 

o9f*dv 

27,329 

10,930  1 

1 

20.20 

26.25 

18.75 

7.50 

1871,     .... 

1,494,334 

15,746 

39,791 

27,943 

11,848 

21.08 

26.63 

18.70 

7.93 

1872,     .... 

1,532,258 

16,142 

43,235 

35,019 

8,216  . 

!     21.08 

•»ci .  «... 

22.85 

5.37 

1873 

1.571,146 

16,437 

44,481 

33,912 

10.569  | 

•     20.92 

28.31 

21.58 

6.73 

1874,     .... 

1,611,022 

15,564 

45,631 

31,887 

13,744 

19.32 

28.32 

19.79 

8.53 

1875,    .       •       .       . 

1,651,912 

13,663 

43,996 

34,978 

9,018 

1     16:54 

j 

26.63 

21.17 

5.46 

1876,     .... 

1,677,351 

12,749 

42,149 

33,186 

8,963  ' 

15.20 

25.13 

19.78 

5.34 

1877,     .... 

1,703,182 

12,758 

41,850 

31,342 

10,508 

|     14.98 

24.57 

18.40 

6.17 

1878 

1,729,410 

12,893 

41,238 

31,303 

9,935 

i     14.91 

23.84 

18.10 

5.74 

1879 

1.756,042 

13,802 

40,295 

31,801 

8,494  | 

1     15.72 

18.11   | 

4.83 

1880 

1,783,085 

15,538 

44,217 

35,292 

8,925 

I 

17.42 

1 

24.80 

19.79 

5.01 

1881 

1,813.818 

16,768 

45,220 

36,458 

8,762 

18.49 

24.93 

20.10 

4.83 

1882 

1,845,081 

17,084 

45,670 

36,785 

8,885 

19.17 

24.75 

19.93 

4.S2 

1883 

1,876,883 

18,194 

47, *28;> 

37,748 

9,537 

19.38 

25.19 

20.11 

5.08 

1884,     .... 

1,909,233 

17,333 

48,615 

36,990 

11,625 

1     18.16 

25.46 

19.38 

6.08 

1885,     .... 

1,942,141 

17,052 

4S.790 

38,094 

10,096 

i     17.56 

25.12 

19.61 

5.51 

1886,     .... 

1,998,174 

18,018 

50,788 

37.244 

13,544  ! 

1     18.04 

25.41 

18.64 

6.ii 

1887,     .... 

2,055,823 

19,533 

53,174 

40,7  63 

12,411 

I     19.00 

25.87 

19.85 

6.04 

1888,     .... 

2,115,136 

19,739 

54,893 

42,097 

12,796 

18. 6H 

25.95 

19.90 

6.05 

1889,     .... 

2,176,159 

20,397 

57,075 

41,777 

15,298  ; 

18.74 

26.23 

19.20 

7.03 

1890,     .... 

2,238,943 

20,838 

57,777 

43,528 

14,249  , 

| 

18.62 

25. SI 

19.44 

6.37 

1891 

2,288,911 

21,675 

63,004 

45,185 

17,819 

18.94 

27.53 

19.74 

7.79 

1892,     .... 

2,339,993 

22,507 

65,824 

48,762 

17,062 

19.24 

28.13 

20.84 

7.29 

1893,     .... 

2,392,216 

22,814 

67,192 

49,084 

18,108 

i     19.07 

28.09 

20.52 

7.57 

1894,     .... 

2,445,604 

20,619 

66,936 

46,791 

20,145 

i     16.80 

27.37 

19.14 

S.24 

1895,     .... 

2,500,183 

— 

- 

— 

1 

— 

- 

•  The  statistics  of  the  first  eight  yours  of  registration  are  for  the  years  ending  with  April  30  of  each  year. 

t  The  second  line  of  statistic**  for  1848  is  for  the  eight  months  etuliug  Dec.  31,  1848. 

I  The  statistics  for  1849  and  for  each  of  the  following  years  are  for  the  calendar  years  ending  Dec.  31. 
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estimates  of  inter-censal  years  in  the  table  on  the  foregoing 
are  made  in  accordance  with  the  rule  recommended  by  Dr. 
(the  geometric  rate  of  increase). 

)  vital  statistics  of  the  first  seven  years  of  registration  (1842-48) , 
ler  with  the  returns  of  marriages  for  1849,  must  be  regarded  as 
nely  defective ;  many  of  the  returns  from  Suffolk  County  for  this 
1  are  wanting,  together  with  those  of  some  of  the  small  towns, 
the  year  1849  onward  the  omissions  probably  constitute  but  a 
percentage  only  of  the  total  registration. 
3  figures  for  the  population  of  census  years  are  given  in  bold 


Interstate  and  International  Vital  Statistics. 

a  following  table  presents  briefly  the  marriage,  birth  and  death 
of  the  New  England  States  for  a  period  of  twenty  years,  or 
long  a  time  as  they  were  accessible. 

9  statistics  of  the  principal  European  countries  are  also  pre- 
i,  the  data  from  this  portion  of  the  table  being  mostly  obtained 
the  report  of  the  registrar  general  of  England  for  1894. 
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Marriages. 

le  whole  number  of  marriages  registered  in  Massachusetts  in 
[  was  20,619.  This  number  was  equivalent  to  a  rate  of  16.86 
1,000  of  the  estimated  population  (persons  married),  or  8.43 
riages  in  each  thousand.  It  was  also  equivalent  to  one  marriage 
tch  119  persons. 

le  number  of  marriages  was  less  by  2,195  than  those  of  1893. 
ie  marriages  and  marriage  rates  for  the  ten  years  (1885-94) 
>  as  follows :  — 


Table  3.  —  Marriages  and  Marriage  Rales,  1885-94. 


YEARS. 

Marriages. 

Marriage  Rates. 

» 

17,052 
18,018 
19,533 
19,739 
20,397 
20,838 
21,675 
22,507 
22,814 
20,619 

17.6 
18.0 
19.0 
18.7 
18.7 
18.6 
18.8 
20.0 
18.7 
16.9 

rotal, 

203,192 

18.5 

he  marriage  rate  was  less  than  that  of  any  year   since  1879. 
t  of  the  ten-year  period  (1885-94)  was  18.5. 
(arriages  by   Counties. — The   number  of    marriages   in   each 
ity  during  the  four  years,  1891,  1892,  1893  and  1894,  together 
i  the  marriage  rates  for  1890,  were  as  follows  :  — 
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Tabu  4.  —  Marriaget  by  Counties,  1891-94,  and  Marriage  Bates,  1890. 


|   Marriage 

isei. 

ISM. 

ISM. 

ISM. 

isee. 

31,676 

22,507 

22314 

20,619 

18.62 

Barnstable, 

245 

221 

209 

214 

16.78 

Berkshire, 

605 

625 

613 

662 

15.12 

Bristol,  . 

1^50 

2,045 

2,089 

1325 

20.22 

Dukes,   . 

33 

34 

39 

27 

18.64 

Essex,    . 

2,905 

2,899 

3,108 

2,691 

18.48 

Franklin, 

310 

331 

335 

284 

14.76 

Hampden, 

1,388 

1,479 

1,401 

1,270 

17.64 

Hampshire,    . 
Middlesex,     . 

448 

438 

410 

414 

16.26 

4,083 

4,259 

4373 

3,721 

17.80 

Nantucket, 

16 

28 

21 

16 

11.00 

Norfolk, 

944 

956 

976 

830 

16.76 

Plymouth, 

798 

804 

840 

717 

17.32 

Suffolk,  . 

5,574 

5,708 

5,745 

5309 

21.94 

Worcester, 

2,476 

2,676 

2,655 

2,239 

17.70 

Age. — The  average  ages  at  marriage  of  all  men  and  women 
married,  and  of  men  and  women  married  for  the  first  time,  were  as 
follows :  — 


Table  6.  —  Average  Ages  at  Marriage,  1891-94,  expressed  in  Years  and  Frac- 
tions of  a  Year. 


1891, . 
1892, . 
1893, . 
1894, . 


Average  Age 

of  All 
Bridegrooms. 


28.85 
28.85 
28.90 
29.10 


Average  Age 

of 
All  Brides. 


25.53 

25.87 
25.47 
25.59 


Average  Ago  of 
<  Men 

I  Marrying  for  the 
First  Time. 


20.82 

2C.76 
26.86 
26.93 


Average  Age  of 

Women. 

Marrying  for  the 

First  time. 


24.28 

24.24 
24.40 
24.39 


Three  hundred  and  seventy-seven  men  and  3,199  women  married 
when  under  twenty  years  of  age,  and  69  men  and  8  women  married 
when  over  seventy.  Of  the  former  class  there  were  23  women  aged 
fifteen,  6  aged  fourteen  and  1  of  thirteen  years ;  all  the  men  were 
over  fifteen  years  of  age. 

The  mean  age  of  men  at  marriage  in  England  in  1894  was  28.4 
years  and  that  of  women  was  26.1  years. 
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ons.  —  The  marriages  by  calendar  months  were  as  follows  for 


Table  6. 

—  Marriages  by  Months  (1894). 

Marriages. 

Monthly  Ratio 

compared  with 

a  Standard 

of  100.* 

Marriages. 

Monthly  Ratio 

compared  with 

a  Standard 

ofl00.» 

f 

1,634 
1,088 
1,053 
1,867 
1,405 
2,433 
1,437 
1,400 

93.3 
68.8 
60.1 

110.1 
80.2 

143.5 
82.1 
79.9 

September, 
October,   . 
November, 
December,   .    . 

Total, . 

Mean, .        . 

2,005 
2,377 
2,376 
1,544 

118.3 

135.8 

140.2 

88.1 

20,619 

100.0 

Is  column  the  inaccuracies  due  to  the  unequal  lengths  of  the  months  are  eliminated  by 
te  daily  number  of  marriages  in  each  month  and  comparing  this  number  with  a  daily 
of  100  for  the  whole  year. 

mean  daily  number  of  marriages  for  the  year  was  56.5. 
greatest  daily  number  of  marriages  occurred  in  June,  October 
member,  and  the  least  in  March,  February  and  August, 
percentages  of  marriages  in  each  quarter  were  as  follows : 
aarter  18.31  per  cent.,  second  quarter  27.67,  third  quarter 
fourth  quarter  30.54. 

Births. 

whole  number  of  living  births  registered  in  Massachusetts  in 
ras  66,936,  which  was  larger  than  that  of  any  previous  year 
he  beginning  of  registration.  The  birth  rate  was  27.4  per 
of  the  estimated  living  population,  which  was  less  than  that 
er  1891,  1892  or  1893,  but  greater  than  that  of  any  previous 
nee  1874. 
births  and  birth  rates   for  the  ten  years  1885-94  were  as 

M  — 

Table  7.  —  Births  and  Birth  Bates,  Ten  Tears,  1885-94. 


lAftf. 

Births. 

Birth  Rate*. 

Tkaes. 

Births. 

Birth  Rates. 

48,790 
50,788 
53,174 
54,893 
57,075 
57,777 
63,004 

25.1 
25.4 

25.9 
25.9 
26.2 
25.8 
27.5 

1892,  . 

Io9o,  ... 

1894,  . 

Total, . 

Mean, . 

65,824 
67,192 
66,936 

28.1 

28.1 
27.4 

585,453 

26.6 

lvi 


STATE  BOARD  OF  HEALTH. 


[Jan. 


Sex. —  Of  the  whole  number  of  living  children  born  in  1894, 
34,338  were  males  and  32,575  were  females,  indicating  a  ratio  of 
1,054  males  to  1,000  females,  that  of  the  period  of  forty-two  years 
(1853-94)  having  been  1,055  males  to  1,000  females. 

The  following  were  the  numbers  by  sexes  for  the  four  j'ears 
1891-94  and  for  the  forty-two  years  1853-94  :  — 

Table  8.  —  Births  by  Sexes,  1853-94, 1891, 1892, 1893  and  1894. 


TSAIB. 

Males. 

Females. 

Males  to  1,000 
Females. 

1853-94,  

1891, 

1892,  ....... 

1893,        

1894, 

920,067 
82,532 
33,758 
84,328 
34,338 

871,781 
30,434 
31,951 
82,829 
82,575 

1,055 
1,069 
1,057 
1,046 
1,054 

The  ratio  of  male  to  female  births  in  England  for  the  fifty-seven 
years  ending  with  1894  was  1,042  males  to  1,000  females. 

Seasons.  —  The  number  of  births  in  each  month  and  the  monthly 
ratio  reduced  to  a  standard  of  100  was  as  follows :  — - 


Table  9.—  Births  by  Months  (1894). 


Months. 

Births. 

Monthly  Ratio 

reduced  to  a 

Standard 

of  100. 

Months. 

Births. 

Monthly  Ratio 

reduced  to  a 

Standard 

of  100. 

January,    , 
February, 
March, 
April, 
May,  . 
June, . 
July,  . 
August, 
September, 

5,500 
4,978 
5,681 
5,529 
5,472 
5,506 
5,999 
5,794 
5,458 

1 

96.7 

96.9 

99.9 
100.5 

96.2 
100.1 
105.5 
101.9 

99.2 

October,  . 

November, 

December, 

Unknown, 

Total, 

Mean, 

5,530 
5,579 
5,907 

3 

97.3 
101.4 
103.9 

66,936 

100.0 

The  mean  daily  number  of  births  was  183.4,  and  from  the  fore- 
going table  it  appears  that  the  highest  daily  number  of  births  occurred 
in  July  and  December,  and  the  least  in  May  and  January. 

The  highest  quarterly  percentage  of  births  registered  was  in  the 
third  quarter  of  the  year,  and  the  same  may  be  said  of  the  births  in 
each  year  of  the  previous  twenty-year  period,  except  1878,  in  which 
the  greatest  number  was  in  the  fourth  quarter. 
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iirths  by  Counties.  —  The  numbers  of  living  births  in  each  county 
ing  the  four  years  1891,  1892,  1893  and  1894,  together  with  the 
h  rates  for  1890,  were  as  follows :  — 


Table  10.- 

-  Births  by  Counties,  1891-94,  and  Birth  Bates,  1890. 

■Ml. 

.„.. 

,-.. 

ISM. 

Birth  Ram, 

65,824 

67,192 

66,936 

25.81 

ostable, 

530 

646 

616 

536 

16.38 

tshire. 

2,179 

2,083 

2,283 

2,248 

26.32 

tol,  . 

6,436 

6,924 

6,200 

6,188 

26.68 

£6 

7L 

73 

66 

18.08 

7,804 

7,784 

8,392 

8,177 

23.68 

nklin. 

813 

898 

908 

912 

19.68 

upden. 

4,611 

4,708 

4,864 

4,689 

30.47 

apsbira. 

1,186 

1,229 

1,194 

1,194 

20.90 

dlesex, 

12,347 

12,879 

13,197 

18,246 

25.85 

ilucket. 

63 

50 

65 

55 

15.30 

folk. 

2,947 

2,966 

3,132 

3,106 

22.78 

month, 

1,905 

1,946 

2,144 

1,976 

18.96 

«lk,  . 

16,227 

16,543 

16,638 

16.4U8 

28.98 

rcerter, 

7,971 

8,208 

8.696 

8,237 

26.07 

Illegitimacy. — The  number  of  illegitimate  births  registered  iu 
14  waa  564.  The  statistics  of  the  years  1891,  1892,  1893  and 
14,  with  the  ratios  per  1,000  of  living  births,  are  as  follows  t  — 


Table  U.~  Illegitimate  Births. 

T^. 

Bitlopcr 

1,000  Blitlii. 

t^s. 

Rilloper 

1/178 
990 

17.1 
16.0 

1893,  . 

1894,  , 

640 
664 

10.2* 
10.9* 

lie  illegitimate  Mnb  r*t*i  of  1893  and  1894  are  tstlmiMd  for  ihe  whole  Stale,  except  tbe 
(  Baton. 

3  Births  by  Counties  {1891, 1892, 1893  and  1894). 
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Id  the  foregoing  table  are  presented  the  statistics  of  illegitimate 
births  by  counties  for  the  four  years  ending  with  1894.  The  special 
point  worthy  of  note  in  this  table  is  the  apparently  defective  record 
of  Suffolk  County  for  the  years  1893  and  1894. 

Plural  Births.  —  In  1894  there  were  registered  654  cases  of 
plural  births,  being  in  the  ratio  of  9.8  per  1,000  births.  The  num- 
ber of  children  born  was  1,316,  of  which  number  1,292  were  twins 
and  24  were  triplets.  Of  the  whole  number,  658  were  males  and 
657  were  females. 

The  statistics  for  the  four  years  1891,  1892,  1893  and  1894  were 
as  follows :  — 

Table  13. 


YfiABS. 


Cases 
ef  Twins. 


Cases 

of  Triplets. 


Cases  of 
Quad- 
ruplet*. 


Numbers  of 

Living  Births 

to  one  Case  of 

Twins. 


Knmber  of 

Living  Births 

to  one  Case  of 

Triplets. 


1891, 
1892, 
1893, 
1894, 


Total,  4  years,  .        . 
Mean,  .        • 

Total  cases,  1875-94, 
Mean, 


616 
572 
610 
654 


2,452 
9,101 


7 
8 
9 
8 


32 

103 


1 
1 


102 
115 
110 
102 


107 
113 


9,000 
8,228 
7,466 
8,367 


8,217 
9,961 


There  has  been  a  notable  increase  in  the  number  and  ratio  of  cases 
of  triplet  births  in  the  past  seven  years,  from  1  in  27,446  in  1888  to 
1  in  8,367  in  1894. 

Still-births.  — The  total  number  of  still-births  registered  in  1894 
was  2,353,  the  number  for  the  two  preceding  years  being  2,222  in 
1892  and  2,444  in  1893. 

The  following  are  the  statistics  relative  to  the  sexes  of  the  still- 
born for  1894  and  for  the  period  1853  to  1894,  forty-two  years  :  — 


1994.  1R3S  M. 

Total  number  of  the  still-born, 2,353  55,788 

Males, 1,424  30,941 

Females, 854  20,768 

Not  stated, 75  4,079 

Ratio  of  males  to  1,000  females,  among  those  whose  sex  was 

known, 1,667  1,490 
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Deaths. 

rtality  statistics  surpass  all  other  vital  statistics  in  importance,  whether  they 
sidered  from  a  social,  an  actuarial  or  a  sanitary  standpoint."  —  Newsholme. 

i  number  of  deaths  registered  in  1894  was  46,791 ;  this  was 

lan  those  of  either  1892  or  1893,  but  greater  than  those  of 

>us  years. 

)  death  rate  per  1,000  of  the  estimated  living  population  was 

,  that  of  the  decade  ending  with  1894  having  been  19.70. 

>  following  are  the  deaths  and  death  rates  for  the  ten-year 

I  1885-94 :  — 

Table  14. 


'BAM. 

Deaths. 

Death  Bates. 

YSARS. 

Deaths. 

Death  Rates. 

88,094 
37,244 
40,763 
42,097 
41,777 
43,528 
45,185 

19.6 

18.6 
19.8 
19.9 
19.2 
19.4 
19.7 

1892, 
1893, 
1894, 

Total, . 
Mean, . 

48,762 
49,084 
46,791 

20.8 
20.5 

19.1 

433,325 

19.70 

tths  by  Sexes.  —  The  number  of  deaths  of  males  recorded  in 
was  23,788  and  that  of  females  was  23,003.  Estimating  the 
mtion  of  the  sexes  upon  the  same  basis  as  in  1890,  the  death 
of  the  sexes  were  20.02  per  1,000  for  males  and  18.29  for 
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Table  15.  —  Mortality  of  the  Sexes,  Census  Years  and  1894. 


i 

i 

Deaths  of  Malt  8  to 

Deaths 

Deaths 

Death  Rate  of 

Death  Rate  of 

1,000  Deaths  of 

YSABS. 

of  Males. 

of  Females. 

Males. 

Females. 

1  Females  In  Kqual 
Numbers  Living. 

11,444 

11,547 

19.3 

18.4 

1,048 

13,085 

13,024 

21.7 

19.6 

1,107 

13,699 

13,598 

19.5 

18.6 

1,048 

17,329 

17,619 

21.8 

20.5 

1,063 

17,426 

17,852 

20.3 

19.3 

1 ,052 

18,889 

19,205 

20.2 

19.0 

1,063 

21,767 

21,761 

20.0 

18.9 

1,058 

•              •              • 

23,788 

23,003 

20.0* 

18.3* 

1,094* 

*  Estimated. 
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The  disparity  between  the  death  rates  of  the  sexes  in  Massachu- 
setts was  generally  less  than  that  of  England,  which  was  as  1,121 
deaths  of  males  to  1,000  deaths  of  females  in  equal  numbers  living 
for  1894,  and  as  1,103  to  1,000  for  the  whole  period  of  registration 
(1838-94). 

Deaths  by  Seasons.  —  In  the  following  table  are  presented  the 
statistics  of  deaths  in  Massachusetts  by  months  and  by  sexes.  For 
the  purpose  of  presenting  the  seasonal  mortality  as  fully  and  as 
clearly  as  possible,  the  method  employed  by  Dr.  Bockh  of  Berlin  in 
his  "  Jahrbuch  "  has  been  followed.  The  exceedingly  accurate  and 
careful  statistical  methods  adopted  in  Berlin  give  to  the  mortality 
statistics  of  that  city  a  value  which  cannot  be  attained  here  under 
present  American  modes  of  collection  of  statistics.  The  figures  in 
the  following  table  may  be  taken  as  approximately  correct,  any 
errors  that  may  exist  being  probably  limited  to  the  decimals  only  in 
columns  4,  5  and  6. 

Table  16.  —  Moiialily  by  Months,  Massachusetts  (1894). 


Mouths. 

l 

Males. 

s 

Females. 

s 

Total*. 

4 

Death  Rate 

per  1,000. 

(Annual.) 

5 

Monthly  Mor- 
tality Reduced 
to  a  Standard 
of  100. 

• 

Deaths  per 
Day. 

January, 
February, 
March, . 
April,    . 
May,     .        . 
June,    . 
July,     . 
August, 
September,. 
October, 
November, 
December, 

• 

»        t 

2,333 
1,793 
1,903 
1,935 
1,881 
1,684 
2,450 
2,254 
2,136 
1,872 
1,729 
1,868 

2,198 
1,793 
1,949 
1,768 
1,745 
1,631 
2,838 
2,317 
2,008 
1,831 
1,650 
1,775 

4,531 

3,586 
3,852 
3,703 
3,576 
3,315 
4,788 
4,571 
4,144 
3,703 
3,379 
8,643 

21.9 
19.2 
18.7 
18.4 
17.2 
16.5 
22.9 
21.9 
20.5 
17.6 
16.6 
17.8 

114.0 

99.9 

97.0 

96.3 

90.0 

86.2 

120.5 

115.1 

107.7 

93.2 

87.8 

91.6 

146.1 
128.1 

124.3 
123.4 
115.4 
110.5 
154.5 
147.5 
138.1 
119.5 
112.6 
117.5 

23,788 

23,003 

46,791 

19.1 

100.0 

128.2 

In  the  foregoing  table,  in  the  figures  presented  in  columns  4  and  5 
the  inaccuracies  duo  to  the  unequal  length  of  the  months  have  been 
eliminated  by  comparing  the  daily  number  of  deaths  in  each  month 
with  the  mean  daily  number  for  the  year.  In  estimating  the 
mortality  rates  given  in  column  4,  a  quarterly  estimate  has  been 
adopted,  based  upon  the  rate  of  growth  from  1890  to  1895,  after 
the  manner  adopted  by  the  registrar  general  of  England  in  his 
weekly  reports.     By  this  table  it  appears  that  the  months  in  which 
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.test  daily  number  of  deaths  occurred  were  July,  August 
lary,  and  those  which  had  the  least  were  June,  November 

r 

percentages  of  deaths  in  each  quarter  of  the  year  were  as 


>  first  quarter, 25.6 

$  second  quarter, 22.7 

3  third  quarter, 28.8 

3  fourth  quarter, 22 . 9 

100.0 

*  by  Counties.  —  The  number  of  deaths  in  each  county  dur- 
four  years  1891,  1892,  1893  and  1894,  together  with  the 
.tea  for  1890,  were  as  follows,  still-births  being  in  every 
excluded  in  this  table :  — 

.  —  Deaths  by  Counties,  1891, 1892, 1893  and  1894,  and  Death  Rates, 

1890. 


Death  Rates, 

1991. 

1999. 

1999. 

1994. 

1990. 

lE,  •     •     • 

46,185 

48,762 

49,084 

46,791 

19.4 

e,  . 

615 

640 

592 

559 

19.4 

i  • 

1,486 

1,560 

1,505 

1,391 

18.2 

• 

4,109 

4,367 

4,608 

4,416 

20.3 

•   < 

109 

99 

115 

108 

25.4 

• 

6,916 

6,272 

6,064 

6,584 

20.0 

•   < 

699 

766 

664 

608 

16.8 

t  •   ■ 

2,644 

8,181 

2,999 

2,616 

19.6 

e,  . 

969 

1,051 

1,037 

910 

18.5 

V 

8,506 

9,038 

9,420 

8,862 

18.4 

t.  . 

80 

120 

88 

97 

24.5 

•       1 

1,945 

2,087 

2,294 

2,176 

16.5 

t   •    * 

1,580 

1,759 

1,751 

1,677 

16.9 

a       < 

11,367 

12,013 

12,280 

12,385 

22.3 

• 

•»  •     •     • 

5,220 

5,809 

6,677 

5,402 

17.8 

eaths  in  each  county  were  less  than  those  of  1893,  with  the 

n  of  Nantucket  and  Suffolk,  in  each  of  which  there  was  an 

• 

Causes  or  Death. 

bllowing  table  is  reproduced  in  this  report  for  the  sake  of 
ty  and  comparison  with  similar  tables  of  earlier  years.  Its 
ace,  however,  becomes  of  less  importance  in  proportion  to 
jress  made  in  medical  science  and  the  classification  of  the 
f  death. 
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Table  1 

. —  Cause)  of  Death,  by  Clauses,  in 

Census  Tears  and  in  1891, 1892, 

1893  and  1894.    Ratio  per  10,000  of  the  Population. 

„ 

IV. 

v 

suss 

dL™.. 

w.™"'."* 

vll 

1865, 

64.87 

51.63 

60.79 

36.48 

7.34 

1B70, 

47.45 

49.30 

51.85 

21.87 

7.79 

1875, 

58.96 

49.40 

65.44 

23.16 

8.61 

1880, 

47.41 

45.89 

73.73 

19.52 

7.19 

1885, 

36.74 

45.94 

82.76 

20.65 

7.48 

1990, 

36.09 

41.14 

87.13 

19.63 

8.10 

1891, 

S6.10 

39.47 

91.75 

20.18 

8.10 

1892, 

39.55 

39.84 

97.74 

20.39 

8.89 

1893, 

36.53 

39.24 

98.10 

19.78 

9.25 

1B94, 

35.93 

37.94 

88.47 

18.39 

8.64 

1890-94 ( 

lean,  five  years,  1890-94) 

36.83 

39.50 

92.68 

19. 6G 

8.61 

•  Still  -births  excluded. 

By  this  table  it  appears  that  very  marked  changes  have  taken 
place  in  the  groups  marked  I.,  II.  and  III.,  the  first  two  having 
notably  decreased,  while  the  third  has  quite  as  notably  increased. 

The  following  table  presents  the  mortality  from  the  ten  most 
prominent  causes  of  death  in  Massachusetts  for  the  ten  years  1885 
to  1894,  in  the  order  of  their  prominence  :  — 


-  Mortality  from  Ten  Prominent  Caust 


a    b    a    H 


yeis,  insanity,  inflammatory 
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ora  this  table  it  appears  that  consumption  has  maintained  its 
ion  at  the  head  of  the  list  for  the  whole  decade,  although  very 
ly  approached  by  pneumonia  in  1893.  Brain  diseases  held  the 
id  place  from  1835  to  1892,  but,  for  the  year  1893,  was  dis- 
d  by  pneumonia.  Diphtheria  and  croup  attained  the  seventh 
for  the  first  four  years,  and  then  rose  to  the  fifth,  but  fell  to 
ast  place  in  1891  and  1893,  rising  again  to  the  sixth  place  in 
.  Heart  diseases  and  cholera  infantum  maintained,  respectively, 
jurth  and  fifth  places  for  nearly  the  whole  period. 

'sties  of  Certain  Causes  and  Groups  of  Causes  of  Death,  Massa- 
chusetts, 1894. 

Table  20  are  presented  the  principal  statistics  relative  to  the 
iving  causes  of  death  :  — 


Small-pox. 
Measles. 
Scarlet  fever. 
Diphtheria  and  croup. 
Typhoid  fever. 
Cholera  infantum. 
Consumption. 


Pneumonia. 
Whooping-cough. 
Cancer. 

Kidney  diseases. 
Heart  diseases. 
Brain  diseases. 


i  data  presented  are  the  following :  — 

>er  of  deaths  from  each  of  the  foregoing  causes  in  each  year  for 

venty  years  (1875-94), 

rate  from  each  of  the  same  causes  per  10,000  of  the  living  popu-  \  Table  20 

ttion  for  each  year, I 

at  age  of  the  total  mortality  for  each  year, j 

>tals  and  means  for  the  twenty-year  period, J 


*  s 

3  1 


if 
I     1 
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Statistics  of  Certain  Causes  and  Groups  of  Causes  of  Death  for 
Twenty  Years  in  Massachusetts  (1875-94). 

Table  20  presents  the  statistics  of  certain  destructive  infectious 
and  other  diseases  for  a  period  of  twenty  years  (1875-94),  era- 
bracing  the  number  of  deaths,  the  death  rate  per  10,000  of  the 
living  population  and  the  percentage  of  the  total  mortality  for  each 
year. 

Small-pox. — The  total  number  of  deaths  from  this  cause  in  1894 
was  33,  a  number  greater  than  that  of  any  year  since  1882.  It 
represented  a  death  rate  from  this  cause  of  .13  per  10,000  living 
and  a  percentage  of  .07  of  the  mortality  from  all  causes. 

Measles. — The  deaths  from  measles  was  98,  or  178  less  than  those 
of  the  previous  year  and  also  less  than  those  of  any  previous  year 
since  1884,  except  1892,  when  it  was  88.  The  ratio  of  the  living 
population  was  .4  and  the  percentage  of  the  total  mortality  .21. 

Scarlet  Fever. — The  deaths  from  scarlet  fever  were  649,  which  was 
less  than  those  of  either  1892  or  1893,  but  greater  than  those  of  any 
other  previous  years  since  1876.  The  death  rate  from  this  cause  was 
2.6  per  10.000  of  the  living  population  and  the  percentage  of  the  total 
mortality  was  1.39. 

Diphtheria  and  Croup. — The  deaths  from  diphtheria  and  croup 
were  1,801,  which  was  considerably  greater  than  that  of  either  of 
the  four  years  1890-93.  The  death  rate  per  10,000  living  was  7.4 
and  the  percentage  of  the  total  mortality  was  3.85,  both  of  which 
were  less  than  the  mean  ratios  for  the  twenty-year  period  ( 1875-94.) 

Typhoid  Fever. — The  deaths  from  typhoid  fever  were  748,  or  less 
than  those  of  any  previous  year  since  1879.  The  ratio  of  the  living 
population  was  3.1  per  10.000  and  the  percentage  of  the  total  deaths 
was  1.6.  Each  of  these  ratios  was  less  than  the  mean  of  the  twenty- 
year  period. 

Cholera  Infantum. — The  number  of  deaths  from  this  cause  was 
2,676.  The  death  rate  per  10,000  of  the  living  population  was  10  9 
and  the  percentage  of  the  total  mortality  5.7.  Each  of  these  ratios 
being  nearly  identical  with  the  mean  for  the  twenty-year  period. 

Consumption. — The  number  of  deaths  from  consumption  was 
5,463,  or  less  than  that  of  any  year  of  the  twenty-year  period 
since  1879.  The  death  rate  per  10,000  of  the  living  population  and 
the  percentage  of  the  total  deaths  were  each  considerably  less  than 
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mean  of  the  twenty-year  period,  and  each  of  these  ratios  has 
laally  diminished  during  the  period.'  (For  fuller  information 
tive  to  the  mortality  from  this  cause  see  last  annual  report.) 
*neumonia. — The  deaths  from  this  cause  were  4,101.  The  ratio 
10,000  living  was  16.7  and  the  percentage  of  the  total  deaths 
I,  these  ratios  differing  but  little  from  the  mean  ratios  of  the 
oty-year  period. 

Vhooping-cough. — The  deaths  from  whooping-cough  in  1894 
8  435.  In  absolute  numbers,  this  mortality  was  greater  than  that 
ny  year  of  the  twenty-year  period,  but  relatively  it  was  exceeded 
the  mortality  from  this  cause  in  1877,  1878  and  1884.  The 
ii  rate  per  10,000  living  was  1.8  and  the  percentage  of  the  total 
tality  was  .93,  the  means  of  the  twenty-year  period  being  1.8 
.93. 

lancer. — The  deaths  from  cancer  were  1,568,  which  number  was 
iter  than  that  of  any  previous  year  of  the  twenty-year  period, 
death  rate  per  10,000  of  the  population  was  6.4  as  compared 
l  a  mean  of  5.5  for  the  twenty  years,  and  the  percentage  of  the 
1  mortality  was  3.35,  as  compared  with  a  mean  of  2.79.  The 
ease  in  mortality  from  this  cause  was  not  so  rapid  during  the  last 
years  as  during  the  first  half  of  the  period. 
Sidney  Diseases. — The  deaths  from  this  group  of  causes  were 
SI,  which  was  greater  than  that  of  any  year  in  the  twenty- 
r  period  from  the  same  causes.  The  death  rate  per  10,000  of 
living  population  was  7.0,  as  compared  with  a  mean  of  5.2,  and 
percentage  of  the  total  mortality  was  3.68,  as  compared  with  a 
in  of  3.68. 

Teart  Diseases. — The  deaths  from  this  group  of  causes  were  3,432, 
ch  number  was  less,  absolutely,  than  that  of  either  of  the  three 
ceding  years.  The  death  rate  per  10,000  living  was  14.0,  as 
pared  with  a  mean  of  12.1,  and  was  also  less  than  that  of  either 
le  preceding  six  years.  The  percentage  of  the  total  mortality  was 
,  as  compared  with  a  mean  of  6.19. 

rain  Diseases. — The  deaths  from  this  group  of  causes  in  1894 
lading  those  from  apoplexy ,  paralysis,  cephalitis,  insanity,  soften- 
)f  the  brain  and  other  brain  diseases)  were  4,995,  which  was 
than  those  of  either  of  the  three  preceding  years.  The  death 
per  10,000  living  from  these  causes  was  20.4,  as  compared  with 
for  the  twenty-year  period,  and  the  percentage  of  the  total 
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mortality  was   10.7,  as  compared  with  9.7   for  the  twenty-year 
period. 

Erysipelas.  — The  deaths  from  this  cause  were  157,  as  compared 
with  251  in  1893. 

Puerperal  Fever. — The  deaths  from  puerperal  fever  were  49,  as 
compared  with  46  in  1893.  The  deaths  from  other  incidents  of  child- 
birth were  216. 

Malarial  Fevers. — The  deaths  registered  as  from  these  causes 
were  73. 

Syphilis.  —  The  deaths  registered  as  from  syphilis  were  64,  of 
which  37,  or  more  than  half,  occurred  in  Suffolk  County. 

There  were  no  deaths  from  hydrophobia,  glanders,  anthrax  or 
trichinosis. 

Medical  Examiner  Returns. 

Separate  returns  of  all  deaths  investigated  by  medical  examiners 
are  required  by  law.  These  comprise  deaths  by  homicide,  suicide, 
accidents  and  many  deaths  of  a  sudden  or  suspicious  character  which 
are  referred  to  the  medical  examiners  for  investigation. 

Of  this  class  of  deaths  the  whole  number  investigated  in  1894  was 
2,159,  of  which  number  1,649  were  deaths  of  males,  505  were  deaths 
of  females  and  the  sex  of  5  was  unknown.  The  ratio  of  deaths  of 
this  class  among  males  and  females  has  shown  but  little  change  in  the 
past  ten  years. 

The  whole  number  investigated  was  less  than  those  of  either  1892 
or  1893,  which  were,  respectively,  2,209  and  2,221.  The  mean  an- 
nual number  of  deaths  of  this  class  investigated  in  the  five-year  period 
1885-89  was  1,503,  while  that  of  the  succeeding  five-year  period 
(1890-94)  was  2,040,  indicating  a  relative  increase  from  7.3  deaths 
per  10,000  of  the  living  population  investigated  in  the  first  period  to 
8.7  deaths  per  10,000  in  the  second  period. 

Homicide.  — The  deaths  from  homicide  were  68,  as  compared  with 
72  and  76,  respectively,  in  1892  and  1893.  Comparing  the  two 
five-year  periods  1885-89  and  1890-94  there  was  a  slight  increase, 
from  an  annual  mean  of  .24  per  10,000  of  the  population  in  the 
former  period  to  .27  per  10,000  in  the  latter. 

Suicide.  — The  deaths  from  suicide  were  270,  while  those  of  1892 
and  1893  were,  respectively,  273  and  290.  Comparing  the  two  five- 
year  periods,  there  was  an  increase  from  .87  per  10,000  of  the  liv- 
ing population  in  the  former  to  1.04  per  10,000  in  the  latter. 
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Accident. — The  deaths  from  accident  investigated  were  975,  as 
compared  with  974  and  976  in  1892  and  1893.  The  mean  annual 
ratio  of  deaths  from  accident  investigated  had  also  increased  from 
3.47  per  10,000  in  the  former  to  3.97  in  the  latter  period. 

Deaths  from  Natural  and  Uhknoum  Causes.  —  The  deaths  of  this 
class  investigated  were  846,  as  compared  with  890  in  1892  and  879 
in  1893,  while  the  mean  annual  ratio  had  increased  from  2.72  per 
10,000  in  the  former  to  3.43  in  the  latter  five-year  period. 
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ater  Supply  and  Sewerage. 


ADVICE  TO  CITIES  AND  TOWNS. 


WATER  SUPPLY  AND  SEWERAGE.' 


>rt  required  by  the  provisions  of  chapter  875  of  the  Acts  of  1888,  entitled 
in  Act  to  protect  the  purity  of  inland  waters,  and  to  require  consulta- 
>n  with  the  State  Board  of  Health  regarding  the  establishment  of  sys- 
ma  of  water  supply,  drainage  and  sewerage."] 

ie  following  report  contains  a  summary  of  the  work  of  the  State 
■d  of  Health  during  the  year  1895,  under  the  provisions  of  chap- 
175  of  the  Acts  of  1888,  including  the  substance  of  the  replies 
b  by  the  Board  to  those  cities,  towns,  corporations  and  indi- 
als  which  have  applied  to  the  Board  for  its  advice  relative  to 
3ms  of  water  supply,  drainage  and  sewerage,  under  the  require- 
ts  of  this  act,  together  with  a  brief  statement  of  the  work  done 
ie  experiment  station  at  Lawrence  and  in  connection  with  the 
oinations  of  water  supplies  and  rivers. 

axing  the  year  1895  public  water  supplies  were  introduced  in  the 
is  of  Barre,  Longmeadow,  Millbury,  Monson  and  Bockport,  and 
)rtant  additions  to  the  sources  of  many  existing  works  were  made, 
he  end  of  the  year  1895  all  of  the  31  cities  in  the  Commonwealth 
123  towns  out  of  a  total  of  322  were  provided  with  a  public  water 
)ly.  The  total  population  of  the  communities  having  a  public 
sr  supply  is  89.5  per  cent,  of  the  total  population  of  the  State, 
re  are  now  but  4  towns  which  by  the  census  of  1895  have  a  popu- 
>n  exceeding  3,500  which  are  not  provided  with  a  public  water 
>ly*  The  names  of  these  towns,  with  their  respective  popula- 
s,  are  as  follows :  — 

Town  of  Barnstable, Population,  4,055 

of  North  Andover, u          8,569 

of  Blackstone, "          6,039 

of  Winchendon, u          4,490 

The  first  page*  of  thlj  report  war*  contained  In  a  report  made  to  the  Leglelature  Jan.  6,  1896 
to  DocomeoCNo.  4).  A  portion  of  the  report  then  made,  relating  to  the  work  done  at  the  Law- 
Experiment  Station,  U  not  reprodaoed,  because  a  more  complete  account  of  the  work  done  at  thie 
win  bo  found  In  a  enbeeqaent  part  of  thia  volume. 
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The  rapid  growth  in  the  number  of  water  supplies  in  the  State  in 
twenty  years  is  indicated  by  a  comparison  of  the  statistics  for  1895 
with  similar  ones  for  1875.  At  the  end  of  the  latter  year  15  cities 
out  of  a  total  of  19  and  35  towns  out  of  a  total  of  323  were  provided 
with  public  water  supplies,  and  the  communities  supplied  contained 
1  48.3  per  cent,  of  the  total  population  of  the  State. 

The  tendency  in  recent  years  toward  municipal  control  of  water 
supplies  is  indicated  by  a  comparison  of  the  number  and  population 
of  municipalities  supplied  by  private  companies  at  the  end  of  1895 
with  the  number  similarly  supplied  at  the  end  of  1890.  At  the  end 
of  1895  all  of  the  cities  and  77  of  the  123  towns  in  the  State  having 
a  public  water  supply  owned  their  works,  while  46  towns  were  sup- 
plied by  private  companies.  The  total  population  of  places  supplied 
by  private  companies  was  212,579,  or  9.5  per  cent,  of  the  total  popu- 
lation supplied.  At  the  end  of  1890  five  of  the  28  cities  in  the  State 
having  public  water  supplies  and  50  of  the  109  towns  were  supplied 
by  private  companies.  The  total  population  supplied  from  private 
works  in  1890  was  318,319  or  16  per  cent,  of  the  total  population 
supplied.  There  has  been  an  increase  of  17  in  the  number  of  works 
since  1890. 

The  flow  of  streams,  as  indicated  by  that  of  the  Sudbury  River,  was 
less  than  the  normal  in  January,  February,  March,  May,  June,  August 
and  September,  slightly  in  excess  of  the  normal  in  April  and  July, 
and  very  greatly  in  excess  in  the  months  of  October,  November  and 
December,  the  average  flow  for  November  being  the  highest  recorded 
in  that  month  on  the  Sudbury  for  twenty-one  years.  The  result  of 
this  distribution  of  the  flow  upon  sources  of  water  supply  was  to 
cause  many  of  the  large  ponds  having  comparatively  small  water- 
sheds to  fail  to  fill  in  the  spring ;  but,  owing  to  the  early  and  heavy 
rainfall  in  the  fall,  the  drought  was  not  felt  so  seriously  as  has 
been  the  case  in  other  years.  The  very  low  flow  of  streams  in 
September  and  the  early  portion  of  October  was  severely  felt  by 
those  communities  supplied  from  small  reservoirs  having  compara- 
tively large  water-sheds,  which  depend  largely  upon  the  daily  flow 
of  the  streams  to  prevent  a  shortage  of  water. 

The  chemical  analyses  of  the  water  supplies  and  rivers  of  the  State 
have  be^n  continued  during  the  year,  2,250  samples  having  been 
examined.  The  following  is  a  classified  list  of  the  waters  examined 
during  the  year :  — 
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Table  I. 

'rom  open  and  covered  reservoirs  for  the  storage  of  ground  waters,       46 

"rom  ground-water  supplies, 393 

pecial  investigations  of  regular  water  supplies  affected  by  tastes, 

odors,  etc., 19 

'rom  ponds  and  storage  reservoirs  and  their  inlets,     .        .        •       .815 
rom  streams  and  miscellaneous  sources, 100 

Total  from  regular  water  supplies, 1,373 

n  connection  with  investigations  of  new  sources  of  water  supply,      .  295 

fith  reference  to  pollution  of  streams, 287 

nth  reference  to  sewage  purification  at  Worcester,  Framingham, 

Marlborough,  Gardner,  Medfield,  etc., 246 

n  connection  with  the  study  of  epidemics, 7 

liscellaneous, 42 

877 

Total, 2,250 

The  examination  of  the  microscopic  organisms  has  also  been  con- 
inued  in  the  waters  which  have  been  examined  chemically,  and  those 
hich  are  found  in  large  numbers  in  any  water  at  times  when  there 
i  complaint  of  its  taste  or  odor  have  been  studied  with  special  atten- 
on,  with  a  view  to  learning  the  conditions  necessary  to  their  ex- 
tence  and  development. 

With  the  rapid  extension  of  water-supply  systems  throughout  the 
tate  and  the  constant  increase  in  the  use  of  water  has  come  not  only 
recognition  of  the  necessity  that  the  supply  shall  be  ample  in  quan- 
ty  at  all  times,  and  free  from  danger  of  contamination  by  animal 
fuse  or  other  poisonous  matter,  but  also  an  appreciation  of  the  im- 
>rtance  of  excellence  in  other  respects ;  and  the  possession  by  a 
mmunity  of  a  water  that  is  at  all  times  soft,  free  from  taste  or  odor 
d  of  attractive  appearance,  has  a  certain  commercial  value  as  well, 
nipared  with  less  attractive  supplies. 

Of  the  supplies  in  the  State  drawn  from  natural  ponds,  some  have 
>ni  time  to  time  been  affected  by  the  presence  of  microscopic  organ- 
is  in  such  numbers  as  to  cause  the  waters  to  become  offensive  to 
te  and  smell  to  such  a  degree  in  some  instances  as  to  lead  to  the 
isideration  of  measures  for  obtaining  a  satisfactory  supply  from 
)ther  source,  at  least  during  times  when  the  water  of  the  present 
tree  is  unfit  for  use.  The  periodic  occurrence  of  such  conditions 
ponds,  which  at  other  times  may  furnish  a  water  of  satisfactory 
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quality,  indicates  the  necessity  of  thorough  investigation  of  a  source 
before  the  construction  of  works  for  supplying  a  community  with  its 
water  is  undertaken. 

Investigations  as  to  the  quality  of  water  of  artificial  storage  reser- 
voirs, l)oth  of  those  which  have  been  thoroughly  prepared  for  the 
purpose  by  the  removal  of  all  soil  and  vegetable  matter  from  the  area 
flowed,  and  of  those  where  the  preparation  has  been  insufficient  or 
where  no  preparation  at  all  beyond  a  simple  clearing  of  the  area  has 
been  made,  have  shown  that,  while  water  often  deteriorates  greatly 
in  quality  when  stored  in  reservoirs  of  the  latter  class,  on  the  other 
hand,  the  quality  of  the  water  is  not  only  unlikely  to  deteriorate, 
but  is  likely  to  improve  by  storage  in  reservoirs  thoroughly  pre- 
pared for  the  purpose,  the  degree  of  improvement  depending  chiefly 
on  the  character  of  the  water  as  it  enters  the  reservoir  and  the  length 
of  time  that  it  is  allowed  to  remain  there. 

The  occurrence  of  excessive  amounts  of  iron  in  ground  waters  has 
frequently  been  referred  to  in  previous  reports.  Information  obtained 
from  systematic  examinations  of  existing  sources  and  from  investiga- 
tions of  proposed  new  supplies  has  shown  that  the  quality  of  the 
water  taken  from  single  test  wells,  from  which  comparatively  little 
water  has  previously  been  drawn,  frequently  does  not  furnish  a  reli- 
able indication  as  to  the  probable  quality  of  the  ground  water  of  a 
locality  after  the  comparatively  large  quantity  used  by  a  town  or 
village  has  been  drawn  from  the  ground  in  the  vicinity  for  a  con- 
siderable length  of  time.  A  satisfactory  knowledge  on  these  points 
can  often  be  obtained  only  from  long-continued  pumping  from  such 
sources  under  circumstances  which  would  most  readily  allow  of  the 
development  of  unfavorable  conditions  affecting  the  quality  of  the 
water.  Such  pumping  tests,  when  accompanied  with  careful  obser- 
vations, are  usually  valuable  in  the  indications  that  they  may  furnish 
of  the  probable  capacity  of  a  ground- water  source. 

As  a  result  of  its  investigations,  the  Board  has  frequently  called 
attention  to  the  danger  in  the  use  for  domestic  purposes  of  water 
taken  directly  from  running  streams  exposed  to  pollution  by  inhab- 
itants upon  their  water-sheds ;  and  a  marked  decrease  in  the  use  of 
such  sources  has  been  noted,  several  communities  going  to  the  ex- 
pense of  entirely  new  sources  of  supply,  to  avoid  the  use  of  water 
from  polluted  streams. 

Observations  of  the  operation  of  the  Lawrence  city  filter  have  been 
oontinued  through  the  year,  and  a  summary  of  the  results  of  chemical 
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bacterial  analyses  of  samples  of  water  before  and  after  filtration 
[yen  in  subsequent  pages.  The  following  table,  which  is  the 
t  of  a  careful  investigation,  shows  the  total  number  of  deaths 
typhoid  fever  in  Lawrence  and  the  deaths  from  this  cause  per 
X)  inhabitants  for  the  year  1895  and  the  ten  previous  years :  — 


Table  II. 
Deaths  from  Typhoid  Fever  in  Lawrence^  1885-95. 


Total 

Number  of 

Deaths. 

Deaths 
per  10,000  of 
Population. 

pbksons  known  to  have  been  exposed- 
to  Infection  by  — 

YEAR. 

Drinking 
Canal  Water. 

While    living 
oat  of  Town 
jaat  before 
falling  sick 

In  Lawrence. 

Nursing 
Other 

.  Patients. 

17 

4.3 

- 

- 

- 

33 

6.76 

- 

- 

- 

47 

11.76 

- 

- 

- 

48 

13. 

- 

- 

- 

65 

18.75 

- 

- 

- 

80 

18.83 

- 

- 

- 

55 

13.30 

- 

- 

- 

50 

11.11 

- 

- 

- 

88 

8.68 

- 

- 

- 

34 

6.00 

13 

4 

1 

16 

8.07 

0 

3 

- 

;rtain  facts  are  to  be  noted  in  connection  with  the  figures  pre- 
3d  in  the  table.  Investigations  by  the  Board  of  the  causes  of  the 
ssive  death  rates  from  typhoid  fever  in  Lawrence  in  the  years 
I  and  1890  pointed  so  strongly  to  the  water  supply  as  one  of  the 
yrtant  causes  that  the  Board  at  the  beginning  of  1891  warned  the 
ens  against  its  use  for  drinking  except  after  thorough  boiling. 
plies  of  water  pumped  directly  from  the  canals  are  used  for 
rin  purposes  in  the  mills ;  this  water  is  in  many  places  easily 
wible  for  drinking  and  is  so  used,  notwithstanding  that  city 
r  is  also  provided.  The  filter  was  first  operated  in  September, 
t,  and  all  of  the  water  supplied  to  the  city  has  been  filtered  since 
time. 

.  connection  with  investigations  as  to  the  purification  of  sewage, 
rge  number  of  samples  of  sewage  and  effluent  from  existing 
ge  disposal  works  has  been  examined.     The  results  of  these 
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investigations  are  of  much  value,  when  taken  in  connection  with  the 
information  obtained  at  the  Board's  experiment  station,  in  advising 
cities  and  towns  with  reference  to  the  disposal  of  sewage. 

The  growth  of  manufacturing  industries  and  the  increase  in  the 
population  of  manufacturing  towns  and  villages  have  tended  to 
increase  the  pollution  of  streams,  while  the  reduced  flow  of  the 
streams  in  the  past  two  dry  seasons  has  assisted  in  making  the 
effect  of  the  pollution  more  noticeable.  The  condition  of  those 
streams  most  liable  to  serious  pollution  is  examined  from  time  to 
time  by  means  of  chemical  analyses,  and  in  some  cases  steps  are  being 
taken  by  local  authorities  for  the  removal  of  causes  of  pollution. 

The  subject  of  the  treatment  of  manufacturing  sewage  has  received 
much  attention  during  the  year,  and  experiments  have  been  begun 
with  reference  to  purifying  refuse  from  tanneries,  wool-washing  and 
other  establishments,  drainage  from  which  is  a  prime  factor  in  the 
pollution  of  many  streams  and  watercourses.  While  the  experi- 
ments have  not  yet  been  carried  far  enough  to  warrant  any  extended 
statement  as  to  the  results  obtained,  it  may  be  said  that  sufficient 
information  has  been  furnished  by  the  investigations  thus  tar  made 
to  make  it  evident  that  manufacturing  sewage  may  be  purified  suffi- 
ciently to  prevent  its  polluting  a  stream,  at  a  sufficiently  moderate 
cost  to  obviate  the  danger  of  crippling  the  manufacturing  industries. 


ADVICE  TO  CITIES  AND  TOWNS. 

Under  the  provisions  of  chapter  375  of  the  Acts  of  1888,  entitled 
"  An  Act  to  protect  the  purity  of  inland  waters,  and  to  require  con- 
sultation with  the  State  Board  of  Health  regarding  the  establishment 
of  systems  of  water  supply,  drainage  and  sewerage,"  the  Board  is 
required  "  from  time  to  time  to  consult  with  and  advise  the  authorities 
of  cities  and  towns,  or  with  corporations,  firms  or  individuals  either 
already  having  or  intending  to  introduce  systems  of  water  supply, 
drainage  or  sewerage,  as  to  the  most  appropriate  source  of  supply,  the 
best  practicable  method  of  assuring  the  purity  thereof  or  of  disposing 
of  their  drainage  or  sewage,  having  regard  to  the  present  a?id  prospec- 
tive needs  and  interests  of  other  cities,  towns,  corporations,  firms  or 
individuals  which  may  be  affected  thereby.  It  shall  also  from  time 
to  time  consult  with  and  advise  persons  or  corporations  engaged  or 
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nding  to  engage  in  any  manufacturing  or  other  business,  drairi- 
or  sewage  from  which  may  tend  to  cause  the  pollution  of  any 
nd  water,  as  to  the  best  practicable  method  of  preventing  such 
ution  by  the  interception,  disposal  or  purification  of  such  drain- 
or  sewage :  provided,  that  no  person  shall  be  compelled  to  bear 
expense  of  such  consultation  or  advice,  or  of  experiments  made 
the  purposes  of  this  act.  All  such  authorities,  corporations, 
as  and  individuals  are  hereby  required  to  give  notice  to  said  Board 
heir  intentions  in  the  premises,  and  to  submit  for  its  advice  outlines 
heir  proposed  plans  or  schemes  in  relation  to  water  supply  and 
yosal  of  drainage  and  sewage;  and  all  petitions  to  the  Legislature 
authority  to  introduce  a  system  of  water  supply,  drainage  or  sew- 
je  shall  be  accompanied  by  a  copy  of  the  recommendation  and  advice 
he  said  Board  thereon" 

Hiring  the  year  1895  the  Board  has  given  its  advice  to  the  follow- 
cities,  towns,  corporations  and  individuals  who  have  applied  for 
hi  advice  under  the  provisions  of  the  general  act  of  1888,  or 
ler  special  acts  relating  to  water  supply  and  sewerage, 
leplies  were  made  during  the  year  to  applications  made  from  the 
owing  sources  for  advice  relative  to  water  supply:  Adams  (two 
lies),  Amesbury  (the  Powow  Hill  Water  Company),  Billerica, 
idford,  Brookfield,  Cohasset,  Dighton  and  Somerset  (two  replies), 
Edgartown  Water  Company,  Gloucester,  Greenfield,  Groton, 
tfield,  Haverhill,  Holden,  Holyoke,  Kingston,  Leicester,  Lcomin- 
r,  Lowell,  Montague  (Miller's Falls),  Montague  (Village),  Paxton, 
>perell,  Pittsfield,  Reading,  Rutland,  Sheffield,  Shirley,  Stoughton, 
dpole,  Wenham,  Westfield,  Weston,  Williamstown,  Winchendon, 
•entham  (Plainville)  and  Worcester. 

leplies  relating  to  sewerage  and  sewage  disposal  were  made,  in 
iwer  to  applications  from  the  following  sources :  Amesbury, 
dover,  Brockton,  Fairhaven,  Framingham,  Springfield,  Tewks- 
y,  the  State  Farm  at  Bridgewater,  and  Webster. 
ieplies  were  also  made  during  the  year  relative  to  the  subject  of 
lution  of  streams,  to  certain  authorities  and  other  parties  in  the 
towing  towns :  to  the  board  of  health  of  Danvers,  relative  to  the 
lution  of  Crane's  River ;  to  the  selectmen  of  Millbury,  in  reply 
a  communication  relative  to  the  pollution  of  the  Blackstone 
rer  by  the  city  of  Worcester ;  to  the  selectmen  of  Shrewsbury, 
itive  to  the  pollution  of  Lake  Quinsigamond  by  the  sewage 
the  State  Lunatic  Hospital  at  Worcester ;  and  to  the  selectmen 
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of  Northborough,  in  reply  to  a  letter  relative  to  the  pollution  of  Lake 
Chauncy  by  the  sewage  of  the  State  Lunatic  Hospital  at  Westborough. 

Water  Supply. 

The  following  is  the  substance  of  the  action  of  the  Board  during 
the  past  year,  in  reply  to  applications  for  advice  relating  to  water 
supply :  — 

Adams  .  The  committee  on  water  supply  of  the  Adams  Fire  District 
applied  to  the  Board  Feb.  21,  1895,  for  its  advice  relative  to  taking 
a  ground-water  supply  from  the  valley  of  the  Hoosac  River,  and  as 
to  the  best  method  of  supplementing  its  water  supply.  The  Board 
replied  to  this  application  as  follows :  — 

Boston,  May  2,  1895. 

The  portion  of  the  valley  indicated  by  you  as  a  possible  ground-water 
source  is  in  the  vicinity  of  the  Hoosac  River,  south  of  Cheshire  Harbor. 
This  locality  has  been  examined  by  one  of  the  engineers  of  the  Board,  but, 
as  no  tests  have  been  made  by  driving  wells  or  otherwise  to  show  the  char- 
acter of  the  material  beneath  the  surface  and  to  obtain  a  sample  of  water 
for  analysis,  it  is  impracticable  to  advise  definitely  at  the  present  time  as 
to  the  probable  quality  and  quantity  of  water  to  be  obtained  at  this  place. 

A  sample  of  water  collected  April  17,  1895,  from  a  flowing  tubular  well 
in  the  valley  of  the  river  at  Zylonite,  was  analyzed,  and  found  to  be  so  hard 
that  it  would  not  be  of  satisfactory  quality  for  many  of  the  purposes  for 
which  a  public  water  supply  is  used  ;  and  the  same  statement  may  be  made 
with  regard  to  the  water  supplied  from  the  wells  of  the  North  Adams  water 
works. 

In  view  of  these  results,  there  is  much  doubt  as  to  whether  a  water  sup- 
ply contained  from  the  ground  as  proposed  would  be  of  satisfactory  quality ; 
and  this  point  can  be  definitely  settled  only  by  determining  the  hardness 
and  other  characteristics  of  a  sample  of  water  taken  from  the  ground  at  the 
proposed  location. 

While,  as  already  stated,  it  is  impracticable  to  advise  definitely  at  this 
time  as  to  the  probable  quantity  of  water,  it  may  be  said  that  the  surface 
indications  point  to  a  limited  rather  than  to  an  ample  supply. 

In  view  of  the  insufficiency  of  the  present  sources  of  supply  during  the 
dry  portion  of  the  past  year,  and  the  uncertainty  as  to  the  best  method  of 
obtaining  a  supplementary  supply,  the  Board  advises  you  to  have  the  whole 
question  of  the  water  supply  of  the  town  more  thoroughly  investigated,  with 
the  aid  of  an  engineer  skilled  in  such  work. 

In  addition  to  the  investigation  with  regard  to  obtaining  a  supplementary 
ground-water  supply,  it  is  desirable  to  ascertain  the  quality  and  quantity  of 
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t  flowing  during  the  dry  portion  of  the  year  in  streams  not  now  used, 
which  may  be  available  for  supplying  your  town;  and  to  ascertain 
ther  it  is  not  feasible  to  build  a  reservoir  to  store  enough  water  to  main- 
the  supply  during  the  portions  of  the  year  when  the  natural  flow  of  the 
una  is  insufficient.  It  would  also  be  well  to  have  the  quantity  of  water 
'.  by  the  town  measured,  with  a  view  to  determining  whether  the  con- 
ption  of  water  is  excessive ;  and,  if  this  should  be  found  to  be  the  case, 
ight  be  feasible  to  materially  reduce  the  consumption  by  preventing 
age  and  waste,  and  in  this  way  make  the  consumption  of  water  cor- 
ond  more  nearly  with  the  capacity  of  the  sources, 
his  Board  will  aid  you  in  making  such  investigations  by  analyzing  sam- 
of  water,  and  by  furnishing  to  your  engineer  any  information  now  in 
K)68e88ion  bearing  upon  the  question ;  and  will,  upon  application,  when 
have  further  information  to  present,  advise  you  further  as  to  the  most 
•opriate  method  of  increasing  your  supply. 

hi  Aug.  1,  1895,  the  water  committee  again  applied  to  the  Board 
its  advice,  relative  to  taking  an  additional  supply  of  water  from  the 
iind  in  the  Hoosac  valley  above  Cheshire  harbor  and  below  the 
ige  of  Cheshire.  The  Board  replied  to  this  application  as  fol- 
s:  — 

Boston,  Oct.  3, 1896. 
he  State  Board  of  Health  received  from  you  on  Aug.  1, 1895,  an  appli* 
:>n  asking  for  the  advice  and  approval  of  the  Board  of  a  plan  for  obtain- 
an  additional  water  supply  for  the  Adams  fire  district  from  the  ground 
tie  valley  of  the  Hoosac  River  above  Cheshire  harbor  and  below  the  vil- 
t  of  Cheshire  by  means  of  tubular  wells,  the  water  to  be.  pumped  into 
main  pipe  leading  from  Bassett  Brook  reservoir,  one  of  the  present 
•ces  of  supply  to  the  town. 

ccompanying  the  application  is  a  report  by  your  engineer,  containing 
results  of  investigations  made  by  him  of  various  sources  in  the  vicinity 
he  town,  and  the  Board  has  also  caused  a  further  examination  of  these 
rces  to  be  made  by  one  of  its  engineers.  As  a  result  of  these  investi- 
ons,  it  is  found  that  the  flow  of  the  brooks  at  present  used  for  the  sup- 
of  the  town  and  of  two  other  brooks  in  the  vicinity  on  September  6  and 
rhen  there  had  been  no  rain  for  several  days,  was  about  as  follows :  — 

Bassett  Brook, 275,000  gallons  per  day. 

Dry  Brook, 90,000  gallons  per  day. 

Tophet  Brook, 127,000  gallons  per  day. 

South  Brook, 315,000  gallons  per  day. 

amples  of  water  collected  September  7  from  your  present  sources  of 
ply  and  from  other  sources  examined  have  been  analyzed,  and  a  com- 
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parison  between  the  results  of  these  analyses  and  of  the  analyses  of  sam- 
ples collected  from  these  same  sources  in  the  earlier  portion  of  the  year 
may  be  made  from  the  following  table :  — 


SOURCE. 


Tophet  Brook,  .*.... 

Dry  Brook, 

Bassett  Brook, 

South  Brook, 

Test  well  above  Cheshire  Harbor,  . 


Renfrew  well, 


Hardness 
September  7. 


Hardness  In 

Earlier  Portion  of 

the  Year. 


•  Three  test  wells. 


The  results  of  the  analyses  show  that  the  hardness  of  the  water  of  Tophet 
and  Dry  brooks  was  several  times  as  great  in  September  as  in  the  earlier 
portion  of  the  year,  while  the  increase  in  the  hardness  of  the  water  of  South 
Brook  was  comparatively  small.  From  the  results  of  the  examinations  it 
appears  that  a  supply  of  water  somewhat  greater  than  the  amount  yielded 
by  Bassett  Brook  and  of  equally  good  quality  with  respect  to  hardness, 
would  be  furnished  by  South  Brook.  The  quality  of  this  water  is  also 
satisfactory  in  other  respects. 

It  appears  from  the  report  of  your  engineer  that  a  storage  reservoir  hav- 
ing a  capacity  of  about  43,000,000  gallons  can  be  constructed  upon  this 
brook  and  that  the  water  of  this  reservoir  could  be  supplied  to  the  town  by 
gravity  by  laying  a  pipe  to  connect  with  the  pipe  leading  from  your  present 
Bassett  Brook  reservoir.  The  estimates  of  cost  indicate  that  the  first  cost 
of  a  supply  from  this  source  would  be  about  two  and  one-half  times  as  great 
as  that  from  tubular  wells  in  the  valley  of  the  Hoosac  River  above  Cheshire 
Harbor;  but  the  annual  cost  of  maintenance,  including  interest,  would  not 
be  proportionally  greater,  because  the  water  of  South  Brook  would  be  de- 
livered to  the  town  by  gravity,  and  the  cost  of  pumping  would  be  avoided. 

By  taking  a  supply  from  South  Brook  the  town  would  obtain  a  soft  water 
of  excellent  quality  for  the  purposes  of  a  public  water  supply.  The  water 
of  the  test  wells,  on  the  other  hand,  though  of  excellent  appearance  and 
practically  free  from  organic  matter,  is  so  hard,  owing  to  the  presence  of 
lime  in  solution,  that  it  would  be  undesirable  for  drinking  and  objectionable 
for  many  other  purposes  of  a  domestic  water  supply. 


►.34.]         ADVICE  TO  CITIES  AND  TOWNS.  13 

rhe  Board  regards  it  of  importance  to  the  health  of  the  town  to  avoid 
!  very  hard  waters,  and  obtain  as  soft  water  as  practicable.  The  water 
South  Brook  is  the  most  satisfactory  in  this  respect,  and  the  Board  is 
ormed  that  by  the  construction  of  a  reservoir  in  the  upper  part  of  Dry 
ook  a  softer  water  may  be  obtained  in  a  dry  time  than  is  now  obtained 
»m  this  brook. 

By  the  provisions  of  the  act  passed  last  spring,  no  authority  is  given 
\  town  of  Adams  to  take  any  source  in  Cheshire  south  of  the  southerly 
undary  of  the  former  town  of  New  Providence,  which  excludes  South 
ook.  In  view,  however,  of  the  excellent  quality  of  water  obtainable 
>m  this  source,  the  Board  would  advise  that  you  take  measures  to  secure 
>  right  to  take  the  water  of  this  brook,  subject  to  the  right  of  the  town 
Cheshire  to  such  an  amount  of  water  from  this  source  as  may  be  needed 
:  the  supply  of  the  town  in  addition  to  the  waters  of  Thunder  and  Kitchen 
ooks  when  they  shall  have  been  fully  developed. 

The  population  of  Cheshire  has  steadily  decreased  for  the  past  fifteen 
are,  and,  moreover,  the  sources  in  the  region  from  which  its  present  sup- 
f  is  taken  have  not  been  fully  developed,  so  that  there  is  no  present  indi- 
tion  that  any  water  need  be  drawn  from  South  Brook  for  the  supply  of 
leshire. 

The  yield  of  South  Brook,  with  a  storage  reservoir  having  a  storage 
pacity  of  43,000,000  gallons,  would,  in  connection  with  your  present 
urces,  amount  to  about  1,100,000  gallons  per  day  in  the  drier  months 
a  very  dry  season. 

Measurements  made  by  your  engineer  in  the  early  part  of  July  indicate 
at  at  that  time  the  consumption  of  water  in  the  town  amounted  to  1,150,- 
>0  gallons  per  day,  equivalent  to  147  gallons  per  person  per  day.  This 
an  excessive  consumption  and  is  greater  than  that  of  any  other  city 
town  in  the  State  where  records  of  the  consumption  of  water  are  kept. 
lere  appears  to  be  no  good  reason  why  the  consumption  should  be  larger 
an  that  of  other  towns  where  the  conditions  are  similar, 'and  by  reducing 
to  a  reasonable  amount  the  capacity  of  your  present  works,  with  the  addi- 
•n  of  a  storage  reservoir  on  South  Brook,  will  be  sufficient  for  the  town 
til  a  large  increase  over  the  present  population  takes  place. 

Amesburt.  The  Powow  Hill  Water  Company  applied  to  the 
ite  Board  of  Health  March  18,  1895,  for  its  advice  relative  to 
ting  an  additional  supply  of  water  from  the  ground  near  Main 
reet  in  that  town.     The  Board  replied  as  follows  :  — 

Boston,  Jane  6, 1895. 

Clie  Board  has  caused  examinations  of  the  present  and  proposed  sources 
supply  and  analyses  of  water  from  each  of  the  sources  to  be  made.     From 
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parison  between  the  results  of  these  analyses  and  of  the  analyses  of  sam- 
ples collected  from  these  same  sources  in  the  earlier  portion  of  the  year 
may  be  made  from  the  following  table :  — 


SOURCE. 


Hardness 
September  7. 


Hardness  in 

Earlier  Portion  of 

the  Year. 


Tophet  Brook,  .• 
Dry  Brook, 
Bassett  Brook,  . 
South  Brook,    . 


Test  well  above  Cheshire  Harbor,  . 


Renfrew  well,  . 


•        •        • 


7.0 
9.4 
3.2 
3.2 

11.0 

12.6 


•  Three  test  wells. 


The  results  of  the  analyses  show  that  the  hardness  of  the  water  of  Tophet 
and  Dry  brooks  was  several  times  as  great  in  September  as  in  the  earlier 
portion  of  the  year,  while  the  increase  in  the  hardness  of  the  water  of  South 
Brook  was  comparatively  small.  From  the  results  of  the  examinations  it 
appears  that  a  supply  of  water  somewhat  greater  than  the  amount  yielded 
by  Bassett  Brook  and  of  equally  good  quality  with  respect  to  hardness, 
would  be  furnished  by  South  Brook.  The  quality  of  this  water  is  also 
satisfactory  in  other  respects. 

It  appears  from  the  report  of  your  engineer  that  a  storage  reservoir  hav- 
ing a  capacity  of  about  43,000,000  gallons  can  be  constructed  upon  this 
brook  and  that  the  water  of  this  reservoir  could  be  supplied  to  the  town  by 
gravity  by  laying  a  pipe  to  connect  with  the  pipe  leading  from  your  present 
Bassett  Brook  reservoir.  The  estimates  of  cost  indicate  that  the  first  cost 
of  a  supply  from  this  source  would  be  about  two  and  one-half  times  as  great 
as  that  from  tubular  wells  in  the  valley  of  the  Hoosac  River  above  Cheshire 
Harbor  ;  but  the  annual  cost  of  maintenance,  including  interest,  wrould  not 
be  proportionally  greater,  because  the  water  of  South  Brook  would  be  de- 
livered to  the  town  by  gravity,  and  the  cost  of  pumping  would  be  avoided. 

By  taking  a  supply  from  South  Brook  the  town  would  obtain  a  soft  water 
of  excellent  quality  for  the  purposes  of  a  public  water  supply.  The  water 
of  the  test  wells,  on  the  other  hand,  though  of  excellent  appearance  and 
practically  free  from  organic  matter,  is  so  hard,  owing  to  the  presence  of 
lime  in  solution,  that  it  would  be  undesirable  for  drinking  and  objectionable 
for  many  other  purposes  of  a  domestic  water  supply. 
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[*he  Board  regards  it  of  importance  to  the  health  of  the  town  to  avoid 
very  hard  waters,  and  obtain  as  soft  water  as  practicable.  The  water 
South  Brook  is  the  most  satisfactory  in  this  respect,  and  the  Board  is 
ormed  that  by  the  construction  of  a  reservoir  in  the  upper  part  of  Dry 
x>k  a  softer  water  may  be  obtained  in  a  dry  time  than  is  now  obtained 
m  this  brook. 
By  the  provisions  of  the  act  passed  last  spring,  no  authority  is  given 

•  town  of  Adams  to  take  any  source  in  Cheshire  south  of  the  southerly 
indary  of  the  former  town  of  New  Providence,  which  excludes  South 
x>k.  In  view,  however,  of  the  excellent  quality  of  water  obtainable 
•m  this  source,  the  Board  would  advise  that  you  take  measures  to  secure 
i  right  to  take  the  water  of  this  brook,  subject  to  the  right  of  the  town 
Cheshire  to  such  an  amount  of  water  from  this  source  as  may  be  needed 

•  the  supply  of  the  town  in  addition  to  the  waters  of  Thunder  and  Kitchen 
x>ks  when  they  shall  have  been  fully  developed. 

The  population  of  Cheshire  has  steadily  decreased  for  the  past  fifteen 
are,  and,  moreover,  the  sources  in  the  region  from  which  its  present  sup- 
f  is  taken  have  not  been  fully  developed,  so  that  there  is  no  present  indi- 
tion  that  any  water  need  be  drawn  from  South  Brook  for  the  supply  of 
teshire. 

The  yield  of  South  Brook,  with  a  storage  reservoir  having  a  storage 
parity  of  43,000,000  gallons,  would,  in  connection  with  your  present 
lrces,  amount  to  about  1,100,000  gallons  per  day  in  the  drier  months 
a  very  dry  season. 

Measurements  made  by  your  engineer  in  the  early  part  of  July  indicate 
it  at  that  time  the  consumption  of  water  in  the  town  amounted  to  1,150,- 
)  gallons  per  day,  equivalent  to  147  gallons  per  person  per  day.  This 
an  excessive  consumption  and  is  greater  than  that  of  any  other  city 
town  in  the  State  where  records  of  the  consumption  of  water  are  kept. 
ere  appears  to  be  no  good  reason  why  the  consumption  should  be  larger 
.n  that  of  other  towns  where  the  conditions  are  similar, 'and  by  reducing 
o  a  reasonable  amount  the  capacity  of  your  present  works,  with  the  addi- 
i  of  a  storage  reservoir  on  South  Brook,  will  be  sufficient  for  the  town 
11  a  large  increase  over  the  present  population  takes  place. 

Imesbury.  The  Powow  Hill  Water  Company  applied  to  the 
,te  Board  of  Health  March  18,  1895,  for  its  advice  relative  to 
ing  an  additional  supply  of  water  from  the  ground  near  Main 
eet  in  that  town.     The  Board  replied  as  follows  :  — 

Boston,  Jane  6, 1895. 

'he  Board  has  caused  examinations  of  the  present  and  proposed  sources 
(apply  and  analyses  of  water  from  each  of  the  sources  to  be  made.     From 
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the  information  thus  obtained  the  Board  finds  that  the  present  sources  are 
likely  to  be  inadequate  in  a  dry  year  for  supplying  the  present  consumers 
with  water. 

The  analyses  of  samples  of  water  taken  from  the  test  well  at  the  pro- 
posed source  show  that  the  water  is  at  present  of  excellent  quality,  and, 
although  it  may  change  somewhat  in  character  with  a  continuous  draught 
upon  this  source,  it  will  probably  remain  of  suitable  quality  for  water-supply 
purposes,  unless  there  should  be  a  considerable  increase  in  the  population 
in  the  vicinity  of  the  well. 

The  conditions,  however,  do  not  appear  favorable  for  obtaining  any  large 
additional  supply  of  water  from  this  source,  and,  as  it  is  the  general  ex- 
perience of  cities  and  towns  that  the  amount  of  water  consumed  increases 
much  faster  than  the  population,  both  on  account  of  the  increasing  pro- 
portion of  the  inhabitants  supplied  with  water  and  the  increasing  use  of 
water  per  consumer,  it  is  not  probable  that  the  proposed  additional  supply 
would  meet  the  requirements  for  more  than  a  very  few  years. 

The  Board,  therefore,  believes  it  to  be  desirable,  in  order  to  provide 
adequately  for  the  present  and  future  needs  of  the  town,  and  probably  in 
the  interest  of  true  economy,  to  obtain  a  larger  additional  supply  of  pure 
water  than  can  be  obtained  from  the  proposed  source  near  Main  Street,  and 
advises  that  you  make  further  investigations,  with  the  aid  of  a  competent 
engineer,  to  ascertain  whether  it  is  not  feasible  to  obtain  such  a  supply. 

Billerica.  J.  Nelson  Parker  and  other  petitioners  applied  to  the 
Board  March  6,  1895,  for  its  advice  relative  to  the  use  of  the  water 
of  Nutting's  Pond  in  Billerica  for  fire  and  domestic  purposes  for  that 
town.     The  Board  replied  to  this  application  as  follows :  — 

Boston,  April  4, 1895. 

The  State  Board  of  Health  has  considered  your  application  relative  to  a 
proposed  water  supply  to  be  taken  from  Nutting's  Pond  in  Billerica,  has 
had  the  pond  examined  by  one  of  its  engineers,  and  has  caused  a  chemical 
and  microscopical  examination  of  a  sample  of  water  collected  from  it  to  be 
made. 

The  chemical  examination  shows  that  the  water  has  a  high  color  and  \ 
contains  a  large  amount  of  organic  matter,  much  of  which  is  in  suspension ; 
and  the  microscopical  examination  shows  that  a  large  part  of  the  suspended 
organic  matter  is  a  minute  organism,  of  a  kind  which  is  known  to  have 
caused  bad  tastes  and  odors  in  other  water  supplies  of  the  State.  The 
water,  therefore,  although  not  polluted  by  sewage,  and  no  worse  in  other 
respects  than  that  furnished  to  a  few  places  in  the  State,  cannot  in  its 
present  condition  be  regarded  as  of  satisfactory  quality  for  the  purposes 
of  a  public  water  supply. 
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The  Board  therefore  advises  the  investigation  of  other  available  sources, 

>  ascertain  if  a  better  one  cannot  be  found ;  and  it  may  also  be  well  to 
stermine  whether  the  pond  can  be  improved  as  a  source  of  water  supply 
y  any  changes  which  it  is  feasible  to  make  in  or  near  it,  and  to  have  samples 
f  water  collected  from  the  pond  at  other  seasons  of  the  year  and  analyzed. 

Bradford.  An  application  was  received  from  the  Bradford  Water 
lompany  for  the  advice  of  the  Board,  relative  to  the  introduction  of 

new  water  supply  from  Johnson's  Pond  in  Boxford  and  Groveland, 
ad  as  to  the  improvement  of  the  existing  supply  by  methods  out- 
ned  by  the  engineer  of  the  company.  The  Board  replied  to  this 
pplication  as  follows :  — 

Boston,  March  15, 1895. 

Samples  of  water  from  your  present  source  have  been  examined  by  this 
loard  from  time  to  time  since  1889  ;  and,  while  the  water  at  first  was  of 
ery  good  quality,  it  has  been  deteriorating  in  recent  years,  and  there  is  no 
sason  to  expect  that  it  will  become  better,  but  rather  that  it  will  continue 

>  deteriorate. 

The  quality  of  the  water  might  be  improved  by  proper  treatment,  but 

lere  is  uncertainty  as  to  whether  it  could  be  made  a  wholly  satisfactory 

ater,  and  the  cost  of  thorough  treatment  might  be  large  in  comparison 

ith  the  cost  of  obtaining  a  satisfactory  water  in  other  ways ;  moreover, 

te  capacity  of  the  source  is  but  little  in  excess  of  the  amount  of  water  now 

imped.    The  Board,  therefore,  believes  that  the  present  source  should  be 

»andoned  as  soon  as  a  better  one  can  be  made  available. 

The  Board  has  caused  examinations  to  be  made  by  its  engineers  of  all 

the  sources  from  which  it  seemed  at  all  probable  that  a  satisfactory  sup- 

y  for  the  town  of  Bradford  might  be  obtained ;  and  from  this  examination 

concludes  that  there  is  no  opportunity  to  obtain  a  satisfactory  ground- 

iter  supply,  and  that  Johnson's  Pond  is  the  most  appropriate  source  from 

lich  to  take  a  supply  of  surface  water. 

An  analysis  of  water  from  this  pond,  taken  in  connection  with  an  exam- 
ition  of  the  pond  and  its  drainage  area,  shows  that  the  water  is  of  good 
ality,  and  suitable  for  all  the  purposes  of  a  public  water  supply  ;  and  the 
nd  will  furnish  a  sufficient  quantity  of  water  to  supply  the  towns  of  Brad- 
d,  Groveland  and  Boxford,  and  still  leave  as  much  water  as  is  necessary 
meet  the  requirements  of  the  mills  situated  upon  the  stream  which  flows 
m  the  pond,  for  all  purposes  except  water  power. 

The  plan  for  improving  the  quality  of  the  water  from  the  present  source 
ring  the  construction  of  new  works,  as  outlined  in  the  report  of  your 
gineer,  contemplates  passing  all  of  the  water  used  through  the  existing 
tributing  reservoirs,  so  that  a  portion  of  the  iron  contained  in  the  water 
y  become  oxidized,  and  settle  to  the  bottom  of  the  reservoirs. 
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The  plan  proposed  by  him  should  cause  a  considerable  improvement  in 
the  quality  of  the  water,  which  might  be  increased  somewhat  if  the  water 
were  pumped  to  a  greater  height  than  the  water  in  the  reservoir,  and  made 
to  come  in  contact  with  the  air  as  much  as  possible  in  falling.  A  still 
greater  improvement  would  result  if,  in  addition  to  letting  the  water  drop 
through  the  air,  it  were  given  further  opportunity  for  aeration  by  passing 
it  through  a  filter  composed  of  fragments  of  coke  large  enough  to  permit 
water  and  air  to  pass  very  freely.  This  filter  should  be  situated  above  the 
level  of  the  water  In  the  reservoirs,  and  should  have  a  surface  area  of  about 
400  square  feet. 

• 

Brookfield.  The  water  commissioners  of  Brookfield  applied  to 
the  Board  Feb.  G,  1895,  for  its  advice  relative  to' taking  a  public 
water  supply  from  South  Pond  in  that  town.  Advice  was  also  asked 
as  to  the  "  use  of  this  source  in  common  by  the  towns  of  West  Brook- 
field  and  Warren,"  in  addition  to  Brookfield,  through  the  medium  of 
the  same  works.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  July  11,  1895. 

The  Board  finds  that  the  quality  of  the  water  at  the  northerly  end  of  the 
pond  is  at  times  unfavorably  affected  by  the  back  flow  of  water  from 
Quaboag  Pond,  the  water  of  which  is,  in  its  natural  state,  inferior  to  that 
of  South  Pond,  and  is  also  polluted  by  the  sewage  discharged  into  its 
feeders  from  the  town  of  Spencer ;  but  analyses  of  samples  of  water  col- 
lected at  a  distance  from  the  outlet  of  the  pond  show  that  if  the  back  flow 
from  Quaboag  Pond  is  prevented,  South  Pond  will  furnish  a  water  of  excel- 
lent quality  for  all  the  purposes  of  a  public  water  supply. 

The  quantity  of  water  which  the  pond  will  furnish  is  undoubtedly  much 
in  excess  of  the  quantity  which  will  be  required  for  the  supply  of  the  town. 

In  addition  to  the  examinations  of  South  Pond,  the  Board  has  caused 
a  general  examination  to  be  made  of  other  sources  from  which  it  seemed 
possible  that  a  supply  might  be  obtained,  and  has  also  caused  analyses  to 
be  made  of  samples  of  water  collected  from  these  sources.  These  examina- 
tions were  not  carried  far  enough  to  be  wholly  conclusive,  but  they  did  not 
indicate  that  there  was  any  more  appropriate  source  than  South  Pond  from 
which  to  obtain  a  supply  for  the  town. 

You  also  stated  in  your  application  that  "  advice  is  desired  as  to  the 
suitability  and  sufficiency  of  this  source  for  the  towns  of  West  Brookfield 
and  Warren  if  supplied  in  common  with  Brookfield  through  the  medium 
of  the  works  as  proposed  by  the  latter  town."  It  has  already  been  indicated 
that  if  provision  is  made  for  preventing  the  back  flow  from  Quaboag  Pond 
the  water  of  South  Pond  will  be  of  suitable  quality  for  water-supply  pur- 
poses ;  and  the  quantity  of  water  which  this  source  will  furnish  is  suffi- 
ciently large  to  supply  all  three  towns  for  a  long  time  in  the  future. 
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In  the  absence  of  any  request  for  advice  from  the  towns  of  West  Brook- 
eld  and  Warren,  the  Board  has  made  no  investigations  for  the  purpose 
f  ascertaining  whether  the  three  towns  named  can  best  obtain  a  supply 
f  water  by  taking  it  from  this  source  through  the  medium  of  a  single  sys- 
jm  of  works. 

Cohasset.  The  Cohasset  Water  Company  applied  to  the  Board 
Sov.  22,  1894,  for  its  advice  relative  to  increasing  their  water  sup- 
ply by  means  of  driven  wells,  or  one  large  well,  about  1,000  feet 
outh  of  the  present  system  of  driven  wells.  The  Board  replied  to 
his  application  as  follows :  — 

Boston,  July  11, 1895. 

The  Board  has  caused  analyses  to  be  made  of  samples  of  water  sent  in 
y  yon  from  one  of  the  test  wells  at  this  place,  and  finds  that  the  water  is 
ne  which  has  at  some  time  been  polluted  and  subsequently  very  thoroughly 
arified  by  its  passage  'through  the  ground.  It  seems  probable  that  if 
ater  were  pumped  continually  from  a  well  or  wells  at  this  place,  a  part 
f  the  water  would  come  from  the  populated  territory  north-east  of  the 
Eulroad,  and  that,  in  addition  to  showing  to  a  still  greater  degree  the  effect 
f  previous  pollution,  it  might  also  be  less  perfectly  purified  by  its  passage 
hrough  the  ground.  For  these  reasons  the  Board  does  not  regard  this 
ource  as  a  desirable  one  from  which  to  take  an  additional  water  supply. 

In  view  of  the  undesirable  character  of  the  water  of  the  proposed  source, 
be  Board  has  caused  a  general  examination  to  be  made  of  other  surface 
nd  ground-water  sources  in  the  vicinity  of  the  town.  It  finds  that  the 
rater  of  the  surface  sources  has  generally  a  high  color  and  contains  in 
lost  cases  a  large  amount  of  organic  matter,  mainly  of  vegetable  origin ; 
nd,  while  it  is  possible  that  at  least  one  of  these  might  be  made  to  furnish 
sufficient  quantity  of  water,  the  quality  of  the  water  would  not  be  nearly 
%  satisfactory  as  that  of  a  good  ground  water. 

The  examinations  indicate  that  the  most  favorable  locality  in  which  to 

ake  investigations  for  a  ground-water  supply  is  in  the  vicinity  of  Bound 

rook,  above  the  village  of  North  Scituate.     The  conditions  here  are  not 

i  the  whole  very  favorable  for  obtaining  a  supply  of  this  kind,  but  so  far 

could  be  judged  from  surface  indications  there  is  no  more  favorable 

sality  within  a  reasonable  distance  of  the  town,  and  in  view  of  the  com- 

ratively  small  amount  of  water  needed,  it  seems  possible  that  a  satisfac- 

ry  supply  of  ground  water  may  be  obtained  at  this  place. 

The  Board  will,  upon  application,  advise  you  further  in  this  matter  when 

iitional  investigations  have  been  made,  and  will  furnish  you  with  such 

brmation  as  may  be  in  its  possession  concerning  the  various  sources  of 

ter  supply  in  the  vicinity  of  the  town. 
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Dighton  and  Somerset.  An  application  was  received  Jan.  17, 
1895,  from  James  H.  Flint  and  others  (petitioners  for  incorpora- 
tion as  the  Dighton  and  Somerset  Water  Company),  for  the  ad- 
vice of  the  Board  relative  to  the  taking  of  the  waters  of  Muddy 
Brook  and  Segreganset  River  and  their  tributaries  in  the  town  of 
Dighton,  and  the  water  from  any  artesian  or  other  wells  which  may 
be  dug,  bored  or  driven  for  the  purpose  in  these  towns,  as  sources 
of  domestic  water  supply  for  Dighton  and  Somerset.  The  Board 
replied  to  this  application  as  follows  :  — 

Boston,  March  25,  1895. 

The  Board  has  caused  examinations  of  the  proposed  sources  of  supply 
to  be  made,  as  far  as  has  been  found  practicable  at  this  season  of  the  year. 
Samples  of  water  from  Muddy  Brook,  Sunken  Brook  and  the  Segreganset 
River  have  been  analyzed,  and  each  has  the  brownish  color  and  other  char- 
acteristics which  water  acquires  from  contact  with  vegetable  matter  in 
swamps  or  shallow  ponds,  and  on  this  account  the  water  taken  directly 
from  either  of  these  streams  would  not  be  of  entirely  satisfactory  quality. 

The  water-sheds  of  both  Muddy  Brook  and  Sunken  Brook  are  so  small 
that  they  will  not  furnish  enough  water  to  supply  the  towns  in  a  dry  sum- 
mer, unless  a  considerable  amount  of  the  water  flowing  in  the  wetter  portions 
of  the  year  is  stored  in  reservoirs.  There  does  not  appear  to  be  an  oppor- 
tunity for  building  reservoirs  upon  these  streams  of  sufficient  depth  to 
prevent  the  water  from  deteriorating  unless  the  reservoirs  are  deepened  by 
excavating ;  and  in  order  to  obtain  a  sufficient  amount  of  storage  in  this 
way  the  reservoirs  would  be  very  costly. 

The  Segreganset  River  has  a  much  larger  water-shed  than  the  brooks 
above  referred  to,  and  can  readily  be  made  to  furnish  all  of  the  water 
required  for  both  towns. 

A  general  examination  was  made  of  other  sources,  and  there  seemed  to 
be  more  favorable  opportunities  for  obtaining  a  water  supply  in  Dighton 
than  in  Somerset ;  and,  should  it  be  found  upon  further  investigation  that, 
as  now  seems  probable,  the  supply  for  both  towns  should  come  from  sources 
in  the  town  of  Dighton,  the  two  towns  could  be  supplied  more  economically 
from  one  system  of  works  than  from  independent  systems. 

Owing  to  the  somewhat  swampy  character  of  the  water  flowing  in  most 
of  the  streams  in  this  vicinity,  it  is  desirable  that  a  supply  of  good  ground 
water  should  be  obtained  if  possible ;  and  the  Board  advises  that  investiga- 
tions be  made  to  determine  whether  it  is  feasible  to  obtain  a  supply  of  this 
kind,  but  cannot  with  its  present  information  advise  definitely  as  to  the  best 
place  for  making  the  investigations. 

The  Board  will,  if  you  so  request,  give  you  further  advice  later  in  the 
year,  if  you  have  more  definite  information  to  present  as  to  the  feasibility 
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obtaining  a  ground-water  supply,  or  should  find  a  more  satisfactory  sur- 
-water  source. 

>n  April  26  the  Board  received  a  further  application  from  the 
e  petitioners  for  further  advice  relative  to  the  use  of  the  water  of 
e  Swamp  Brook  and  of  the  Segreganset  River,  or  of  so  much  of 
er  source  as  may  be  necessary  to  supplement  a  ground-water 
ply.    The  Board  replied  to  this  second  application  as  follows  :  — 

Boston,  May  25,  1895. 
he  State  Board  of  Health  received  from  you  April  26,  1895,  an  appli- 
>n  for  further  advice  relative  to  using,  for  the  water  supply  of  the 
is  of  Dighton  and  Somerset,  the  water  of  Pine  Swamp  Brook  and  of 
Segreganset  River,  or  so  much  of  the  water  of  either  source  as  may  be 
issary  to  supplement  the  supply  obtained  from  the  ground.  You  also 
3  that  additional  information  has  been  obtained  as  to  the  character  of 
ground  in  the  vicinity  of  these  streams. 

he  Board  in  its  last  reply  made  the  following  statement :  "  Owing  to 
somewhat  swampy  character  of  the  water  flowing  in  most  of  the  streams 
lis  vicinity,  it  is  desirable  that  a  supply  of  good  ground  water  should 
obtained  if  possible,  and  the  Board  advises  that  investigations  be  made 
etermine  whether  it  is  feasible  to  obtain  a  supply  of  this  kind,"  and 
iluded  its  reply  as  follows :    "  The  Board  will,  if  you  so  request,  give 

further  advice  later  in  the  year,  if  you  have  more  definite  information 
>resent  as  to  the  feasibility  of  obtaining  a  ground-water  supply,  or 
dd  find  a  more  satisfactory  surface-water  source." 
urther  examinations  and  analyses  made  by  the  Board  indicate  that  the 
srs  of  Pine  Swamp  Brook  and  the  Segreganset  River,  owing  to  their 
raish  color  and  accompanying  taste  and  odor,  would  not  be  of  satisf  ac- 

quality  for  water-supply  purposes  unless  taken  indirectly  by  filtration 
ugh  the  ground. 

he  additional  information  submitted  by  you  as  to  the  character  of  the 
ind  in  the  vicinity  of  these  streams  was  obtained  by  driving  three  test 
s  near  the  junction  of  Pine  Swamp  Brook  and  the  Segreganset  River, 
se  tests  show  that  there  is  more  or  less  porous  material  beneath  the  sur- 

from  which  water  can  be  pumped,  and,  although  the  conditions  do  not 
mut  to  be  favorable  for  obtaining  any  very  abundant  supply  of  ground 
sr,  yet  it  may  be  feasible  to  obtain  the  comparatively  small  quantity 
led  for  these  towns  by  means  of  a  well  supplemented  by  collecting 
B  or  galleries  extended  for  a  sufficient  distance  up  the  valleys  of  the 
i  Swamp  Brook  and  the  Segreganset  River. 
o  samples  of  water  were  procured  from  the  wells  during  the  tests ;  but, 
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judging  from  the  analyses  of  samples  of  water  collected  from  a  spring  and 
from  two  wells  not  very  far  away,  it  is  probable  that  the  water  to  be 
obtained  from  the  ground  would  be  of  good  quality. 

The  examinations  have  been  sufficiently  extended  to  indicate  that  the 
ground  in  the  vicinity  of  the  Pine  Swamp  Brook  and  the  Segreganset  River 
is  likely  to  be  the  best  source  within  the  limits  of  these  town©  from  which  to 
take  a  water  supply ;  but  the  information  at  present  available  is  too  limited 
to  enable  the  Board  to  give  a  definite  opinion  upon  this  point. 

Edgartown.  An  application  was  received  from  Joseph  K.  Nye, 
March  12,  1895,  petitioner  for  incorporation  as  the  Edgartowii 
Water  Company,  for  the  advice  of  the  Board  relative  to  taking  the 
water  of  certain  springs  in  a  valley  south-west  of  the  village  of 
Edgartown  as  a  source  of  public  water  supply.  The  Board  replied 
to  this  application  as  follows  :  — 

Boston,  March  26, 1895. 

The  State  Board  of  Health  received  from  you  on  March  12,  1895,  an 
application  relative  to  a  proposed  water  supply  for  Edgartown,  Mass., 
which  contains  the  following  statement:  "The  proposed  source  of  sup- 
ply is  from  a  tract  of  land  situated  about  four  thousand  feet  in  a  south- 
westerly direction  from  the  village  of  Edgartown.  The  land  is  situated  in 
a  valley  running  in  a  south-easterly  direction,  the  point  of  location  being 
at  the  head  of  this  valley,  something  over  a  mile  from  Edgartown  Harbor. 
At  this  point  are  a  number  of  springs,  and  it  is  proposed  to  drive  a  suffi- 
cient number  of  pipe  wells  to  yield  the  required  amount  of  water." 

The  Board  has  caused  an  examination  of  the  locality  referred  to  to  be 
made  by  one  of  its  engineers ;  but,  as  the  ground  has  not  been  tested  by 
driving  wells  or  otherwise,  it  is  impracticable  at  the  present  time  to  give 
any  definite  opinion  as  to  the  quantity  and  quality  of  water  to  be  obtained 
from  the  proposed  source.  Judging  from  surface  indications,  however,  it 
is  not  improbable  that  a  sufficient  quantity  of  water  may  be  obtained  from 
the  ground  in  this  vicinity ;  and,  judging  from  experience  with  the  water- 
supplies  of  Cottage  City  and  Vineyard  Haven,  which  are  derived  from 
ground  apparently  similar  in  character,  it  is  probable  that  the  water  will  be 
of  good  quality. 

The  Board  will  advise  you  further  upon  this  subject  when  you  have 
made  tests  of  the  ground  and  have  additional  information  to  present. 

Gloucester.  The  Board  received  the  following  application  July 
3,  1894,  from  the  mayor  of  Gloucester,  for  the  advice  of  the  Board 
relative  to  the  water  supply  of  that  city :  — 
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Gloucester,  Mass.,  Jane  30, 1894. 
To  the  State  Board  of  Health. 

The  city  of  Gloucester,  by  its  duly  appointed  committee,  desires  and 
respectfully  requests  that  further  and  more  complete  investigations  of  its 
present  and  prospective  sources  of  water  supply  be  made  during  this  year, 
in  order  that  safe  and  final  conclusions  may  be  reached  by  the  city  con- 
cerning the  present  and  ultimate  capacities  of  the  sources  from  which  water 
is  now  being  actually  supplied  to  the  city,  and  those  which  may  be  added 
in  reinforcement  when  an  increase  becomes  necessary,  among  the  latter  to 
be  included  Chebacco  Pond,  with  its  tributaries  and  water-sheds.  The  city 
iesires  that  the  question  of  quality,  in  each  case,  be  exhaustively  consid- 
sred ;  that  present  and  future  improvements  which  may  be  necessary  to 
raise  the  quality  to  the  highest  degree  attainable  with  reasonable  economy 
be  indicated ;  and  that,  so  far  as  possible,  some  idea  of  the  relative  costs 
>f  making  these  improvements  in  each  case  be  given. 

Directions  have  been  given  to  the  city  engineer  "  to  obtain  all  records 
>f  varying  depths  of  water  in  the  present  sources  and  kindred  data  which 
may  have  any  bearing  upon  the  case,"  and  the  city  engineer  will  follow  any 
suggestions  which  the  Board  may  give  in  this  line,  and  will  promptly  make 
such  returns  as  the  Board  may  indicate. 

The  city  desires  and  respectfully  requests  that  analyses  of  the  waters  of 
the  sources  involved  be  made  with  regularity  during  the  remainder  of  this 
^ear,  the  samples  to  be  taken  simultaneously,  if  practicable. 

For  the  joint  special  committee  on  water  supply  of  the  city  of 
Gloucester, 

(Signed)  Benj.  F.  Cook, 

Mayor,  and  Chairman  of  Committee. 

To  this  application  the  Board  replied  as  follows  :  — 

Boston,  April  12,  1895. 

In  accordance  with  your  request,  an  engineer  of  the  Board  visited  your 
present  and  prospective  sources  twice  in  the  month  of  July,  1894,  and  made 
irrangements  for  having  samples  of  water  taken  from  the  present  sources 
)y  your  city  engineer,  acting  in  conjunction  with  a  representative  of  the 
Gloucester  Water  Company,  and  from  prospective  sources  by  your  city 
ngineer.  These  samples  were  collected  about  once  a  month  until  Feb- 
uary,  1895,  making  the  total  number  of  samples  collected  and  analyzed  64. 

From  time  to  time  your  city  engineer  and  Mr.  Percy  M.  Blake,  the  engi- 
teer  especially  engaged  upon  the  water-supply  investigation,  have  furnished 
^formation  and  plans,  giving  the  results  of  surveys  and  observations 
earing  upon  the  question  of  the  capacity  of  present  and  proposed  sources ; 
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and,  finally,  we  have  received  the  supplementary  report  of  Mr.  Blake  upon 
a  municipal  water  supply  for  the  city  of  Gloucester,  dated  March  9,  1895. 

With  the  information  thus  furnished  and  that  obtained  by  several  exam- 
inations made  by  an  engineer  of  this  Board,  the  questions  submitted  by 
you  have  been  carefully  considered. 

The  conclusions  reached  by  the  Board  as  a  result  of  this  consideration 
are  substantially  the  same  as  those  contained  in  the  reply  to  you  upon  the 
same  subject,  dated  April  27,  1894,  which  were  as  follows : — 

66  The  Board  finds  that  the  present  sources  have  sufficient  capacity  in  a 
dry  year  to  supply  the  quantity  of  water  now  used  by  the  city ;  but  the 
population  now  supplied  is  much  less  than  the  total  population,  and  the 
amount  of  water  consumed  is  increasing  from  year  to  year,  so  that  it  will 
be  necessary  before  long  either  to  develop  the  sources  now  used  or  to  obtain 
a  further  supply  from  other  sources.  If  the  present  sources  and  those  in 
their  vicinity  should  be  fully  developed  they  would  furnish  fully  double  the 
quantity  of  water  now  used,  and  make  a  further  supply  unnecessary  at  the 
present  time. 

44  The  water  supplied  from  the  present  reservoirs  of  the  Gloucester  Water 
Company  is  practically  free  from  pollution  by  sewage,  and  in  other 
respects  it  is  a  fairly  satisfactory  water  for  the  purposes  of  a  public  water 
supply,  and  is  somewhat  better  at  the  present  time  than  the  water  in  Che- 
bacco  Lake.  It  could  undoubtedly  be  improved,  however,  by  the  removal 
of  stumps,  soil  and  vegetable  matter  from  the  bottom  and  sides  of  the 
reservoirs.  The  water  from  other  sources  near  the  present  ones  in  West 
Gloucester  has  not  been  analyzed,  but  from  an  examination  of  these 
sources  it  seems  probable  that  they  will  furnish  as  good  water  as  the 
sources  now  supplying  the  city. 

44  Chebacco  Lake  will  furnish  a  somewhat  larger  quantity  of  water  than 
could  be  obtained  from  all  of  the  available  sources  in  West  Gloucester  if 
they  were  fully  developed,  and  is  probably  the  most  available  source  of 
water  supply  for  Gloucester,  independent  of  the  present  works.  As 
already  indicated,  the  water  is  not  quite  as  good  as  that  now  supplied  to 
the  city,  and  it  is  doubtful  if  it  would  prove  a  satisfactory  water  for  water- 
supply  purposes  unless  improved  in  some  way,  which  cannot  be  determined 
with  the  information  now  available. 

44  The  Chebacco  ponds  are  located  in  the  towns  of  Essex,  Hamilton  and 
Wenham,  and  are  only  a  short  distance  from  Manchester,  and  may  prove 
the  most  available  source  of  water  supply  or  additional  water  supply  for 
these  towns ;  moreover,  it  is  not  improbable  that  they  may  prove  the  most 
available  source  from  which  to  take  an  additional  water  supply  for  Salem 
and  Beverly,  when  the  capacity  of  the  sources  from  which  these  places  are 
now  authorized  to  take  water  has  been  reached.  Under  these  circum- 
ces,  the  Board  is  of  the  opinion  that  the  Chebacco  ponds  are  not  at 
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present  the  most  appropriate  source  of  supply  for  the  city  of  Gloucester ; 
and  if  rights  in  these  ponds  are  granted  to  Gloucester,  they  should  be 
limited  by  proper  reservations  for  other  places." 

Now  that  further  information  is  available  and  further  examinations  have 
been  made,  the  Board  is  enabled  to  give  more  specific  advice  in  some 
respects  and  to  answer  more  fully  the  questions  asked  by  you. 

The  Board  now  believes  that  the  present  sources  and  others  in  their 
vicinity  can,  at  a  reasonable  cost,  be  improved  and  developed  to  such  an 
extent  that  they  will  furnish  about  three  times  the  quantity  of  water  now 
used,  and  the  quality  of  the  water  to  be  obtained  from  the  added  sources 
will  be  as  good  or  better  than  that  now  supplied  to  the  city  from  the 
present  sources. 

The  nature  of  the  work  to  be  done  to  improve  the  quality  of  the  water 
of  the  sources  now  used  is,  as  indicated  in  the  former  reply,  the  removal 
of  stumps,  soil  and  vegetable  matter  from  the  bottom  and  sides  of  the 
reservoirs.  In  adding  new  sources  the  same  policy  should  be  pursued  with 
regard  to  any  reservoirs  which  may  be  built,  and  suitable  channels  should 
also  be  provided  for  collecting  and  conveying  the  water  to  the  reservoirs 
in  such  a  manner  that  it  will  not  be  injuriously  affected  by  coming  in  con- 
tact with  leaves,  peat  and  other  vegetable  matter  in  swamps. 

Chebacco  Pond  will  furnish  a  somewhat  larger  quantity  of  water  than 
all  of  the  available  sources  in  West  Gloucester,  when  developed  as  above 
indicated;  but  the  quality  of  its  water  is  not  quite  as  good  as  that 
supplied  from  the  sources  now  used,  and  would  compare  still  more 
unfavorably  with  the  quality  of  the  water  to  be  obtained  from  the  West 
Gloucester  sources  when  improved  and  developed.  The  investigations 
thus  far  made  have  not  shown  that  the  quality  of  the  lake  water  can  be 
improved  at  what  would  be,  at  the  present  time,  a  reasonable  cost. 

The  cost  of  taking  water  from  Chebacco  Lake  would  be  considerably 
larger  than  that  of  properly  developing  all  of  the  available  sources  in  West 
Gloucester,  with  the  further  disadvantage  in  the  former  case  that  practi- 
cally the  whole  expenditure  has  to  be  made  at  one  time,  while  in  the  latter 
the  expenditures  for  different  additions  and  developments  can  be  made  from 
time  to  time,  as  an  increased  amount  of  water  is  needed. 

If  the  city  of  Gloucester,  by  reason  of  its  growth  and  the  increased  use 
of  water,  should  reach  the  capacity  of  the  sources  in  West  Gloucester, 
Chebacco  Lake  will  probably  be  at  such  time  the  most  appropriate  source 
from  which  to  take  an  additional  water  supply. 


Greenfield.  An  application  was  received  from  the  selectmen 
of  Greenfield,  Nov.  30,  1894,  for  the  advice  of  the  Board  relative 
to  taking  an  additional  supply  of  water  for  the  town  from  the  Green 
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River  at  a  point  near  the  "  Poor  Farm."    The  Board  replied  to  this 
application  as  follows  :  — 

Boston,  March  15,  1895. 

You  state  that  it  is  the  purpose  to  take  water  at  a  point  on  the  west 
boundary  of  land  owned  by  the  town  of  Greenfield  and  known  as  the 
"Poor  Farm ; "  and  the  Board  has  since  been  informed  that  the  water  is  to 
be  taken  from  a  crib  or  well  sunk  in  the  gravel  beside  the  river,  rather  than 
directly  from  the  river  itself.  It  is  further  understood  that  this  supply  is 
to  be  obtained  by  pumping,  and  is  to  supplement  the  present  gravity  supply 
from  Glen  Brook  during  the  drier  portion  of  the  year. 

The  water  of  the  Green  River  is  somewhat  harder  than  that  obtained 
from  the  present  source,  but  is  not  hard  enough  to  be  objectionable.  In 
other  respects  the  analyses  indicate,  as  far  as  analyses  can,  that  the  water 
is  of  excellent  quality  for  all  the  purposes  of  a  public  water  supply.  There 
is  a  risk,  however,  in  taking  water  directly  from  a  stream  which  has  any 
population  near  it.  But,  in  the  present  case,  the  risk  is  comparatively 
slight  on  account  of  the  extremely  small  population.  Still  it  would  be 
advisable  to  take  the  water  from  a  well  sunk  near  the  river,  as  proposed, 
in  preference  to  taking  it  directly  from  the  river. 

Before  sinking  a  well  of  this  kind,  examinations  should  be  made  to  de- 
termine that  the  material  adjacent  to  the  river  is  porous  to  a  considerable 
depth  below  the  level  of  the  water  in  the  river;  and,  if  such  material 
should  not  be  found  at  the  point  indicated  in  your  application,  the  Board 
advises  that  you  should  make  similar  examinations  of  the  ground  beside 
the  river  near  the  point  where  Allen  Brook  enters  it,  as  the  examinations 
made  by  one  of  the  engineers  of  the  Board  indicate  that  favorable  ground 
in  which  to  sink  a  well  may  be  found  at  this  place. 

Groton.  The  committee  on  water  supply  of  Groton  applied  to 
the  Board  Jan.  12,  1895,  for  its  advice  relative  to  Baddacook  Pond 
and  springs  near  Cady  Pond  as  sources  of  water  supply  for  Groton. 
The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Nov.  4,  1895. 

The  Board  has  caused  an  examination  of  these  sources  to  be  made  by 
one  of  its  engineers,  and  samples  of  the  water  to  be  analyzed. 

The  quality  of  the  water  of  springs  near  Cady  Pond  is  excellent  in 
most  respects,  but  its  hardness,  which  appears  to  be  due  to  the  presence 
of  limestone  in  the  ground  through  which  the  water  percolates,  is  such  as 
to  make  it  very  unsatisfactory  for  many  of  the  purposes  of  a  public  water 
supply.  There  is  much  doubt  also  as  to  whether  the  quantity  of  water 
which  the  springs  would  furnish  in  a  very  dry  season  would  be  sufficient 
for  the  supply  of  the  town  after  water  shall  have  come  into  general  use. 
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Baddacook  Pond  would  furnish  an  abundant  supply  of  water  for  the 
*n,  and  chemical  analyses  show  that  its  hardness  would  be  only  about 
e- third  of  that  of  the  springs  near  Cady  Pond.  The  water  is  somewhat 
ored,  however,  and  contains  a  considerable  amount  of  organic  matter. 
croscopical  examinations,  moreover,  indicate  that  it  may  contain  at 
ies  in  summer  a  considerable  number  of  minute  organisms,  which  impart 
water  an  unpleasant  taste  or  odor. 

With  regard  to  the  comparative  merits  of  the  two  sources,  it  may  be 
d  that  Baddacook  Pond  would  be  preferable  as  a  source  of  public  water 
jply,  all  things  considered,  to  the  springs  near  Cady  Pond,  but  there  is 
doubt  that  if  a  source  capable  of  furnishing  a  sufficient  supply  of 
Hind  water  of  good  quality  could  be  obtained,  it  would  be  more  satis- 
itory  than  the  water  of  Baddacook  Pond.  With  a  view  to  learning 
ether  it  was  feasible  for  the  town  to  obtain  a  ground-water  supply 
iiin  a  reasonable  distance,  the  Board  has  caused  an  examination  to  be 
de  in  a  general  way  of  the  territory  in  the  vicinity  of  the  town.  As  a 
alt  of  this  investigation,  the  Board  finds  that  the  surface  indications 
pear  to  be  favorable  to  obtaining  a  considerable  quantity  of  water  from 
>  ground  at  several  places,  the  most  favorable  being  in  the  vicinity  of 
ddacook  Pond,  particularly  along  the  south-westerly  side  of  the  pond 
i  in  the  valley  of  a  small  tributary  which  enters  the  pond  on  its  westerly 
ie.  Chemical  examinations  of  the  water  of  springs  in  the  latter  locality 
licate  that  the  hardness  of  the  water  is  about  the  same  as  that  of  the 
ter  of  Baddacook  Pond. 

The  Board  would,  therefore,  advise  that,  before  deciding  definitely  upon 
source  of  supply,  further  investigations  be  made,  with  a  view  to  deter- 
ning  whether  it  is  feasible  to  obtain  from  the  ground  at  either  of  these 
ices  a  water  of  satisfactory  quality  and  in  sufficient  quantity  for  the 
pply  of  the  town.  The  Board  will,  upon  application,  advise  you  fur- 
>r  in  this  matter  when  you  have  additional  information  to  present. 

Hatfield.  The  selectmen  of  Hatfield  applied  to  the  Board  Jan. 
,  1895,  for  its  advice  relative  to  taking  the  water  of  a  brook  in 
5  westerly  part  of  the  town  as  a  source  of  public  water  supply  for 
ttfield.     The  Board  replied  as  follows :  — 

Boston,  March  1,  1895. 

At  the  time  when  an  engineer  of  the  Board  visited  Hatfield  to  examine 
proposed  source,  there  was  so  much  snow  upon  the  ground  that  it  was 
;  feasible  to  reach  the  site  which  your  engineers  regarded  as  most 
isfactory  for  the  proposed  dam,  but  he  succeeded  in  obtaining  a  sample 
irater  from  the  brook  between  the  upper  and  lower  sites  for  the  dam. 


26  STATE  BOARD  OF  HEALTH.  [Pub.  Doc. 

The  analysis  of  this  sample,  taken  in  connection  with  the  character  of  the 
water-shed,  indicates  that  the  water  is  of  excellent  quality  for  the  purposes 
of  a  public  water  supply. 

It  was  not  feasible  under  the  circumstances  to  judge  from  an  examina- 
tion of  the  locality  whether  the  brook  at  the  upper  site  will  furnish  a  suffi- 
cient quantity  of  water  for  the  town ;  but  the  report  of  your  engineers  of 
the  measured  flow  in  September,  1894,  indicates  that  it  will  do  so. 

The  Board  regards  the  source  as  an  appropriate  one  from  which  to  take 
a  water  supply  for  the  town  of  Hatfield. 

Haverhill.  The  water  board  of  Haverhill  applied  to  the  State 
Board  of  Health  Jan.  15,  1895,  for  its  advice  relative  to  introducing 
an  additional  supply  of  water  for  Haverhill  from  East  Meadow  River 
in  that  city  by  constructing  a  dam  and  making  a  storage  basin,  the 
water  to  be  pumped  from  this  basin  to  Lake  Kenoza,  the  source  of 
the  present  high-service  supply  of  the  city.  The  Board  replied  to 
this  application  as  follows :  — 

Boston,  June  6, 1895. 

Regarding  this  source  of  supply  and  the  method  of  utilizing  the  water 
from  it  you  make  the  following  statement :  — 

44  This  additional  supply  for  the  city  of  Haverhill  is  proposed  to  be  taken 
from  the  East  Meadow  River,  in  the  easterly  portion  of  the  city,  at  Mill- 
vale,  where  it  is  proposed  to  construct  a  dam  and  create  a  storage  basin. 
The  area  of  the  basin  will  be  approximately  47  acres ;  the  depth  of  water 
at  the  dam  will  be  about  14  feet  in  the  deepest  place.  The  estimated 
capacity  of  this  basin  is  118,000,000  gallons.  It  is  proposed  to  remove  all 
mud  and  vegetable  matter  from  the  site  of  the  basin.  The  area  of  the 
water-shed  above  the  dam  is  approximately  7.75  square  miles. 

44  A  pumping  station  will  be  erected,  with  a  pumping  plant  of  sufficient 
capacity  to  pump  all  of  the  water  needed  in  any  year,  during  the  five  or 
six  months  of  greatest  flow.  The  water  to  be  pumped  through  about  one 
mile  of  twenty- four-inch  pipe  to  Eenoza  Lake,  the  source  of  the  present 
high  service  supply  of  Haverhill. 

44  This  lake  has  an  area  of  225  acres  at  elevation  110.  The  estimated 
storage  capacity  is  600,000,000  gallons  in  the  upper  ten  feet  in  depth,  or 
to  the  top  of  the  intake  of  the  new  pumping  station  proposed  to  be  built  at 
Eenoza  Lake  in  connection  with  this  improvement. 

44  The  difference  in  level  of  the  Millvale  basin  and  Kenoza  Lake  is  64 
feet,  the  proposed  high-water  level  of  the  former  being  at  elevation  46. 

44  The  plan  of  operation  will  be  to  pump  the  flow  of  East  Meadow  River 
into  Kenoza  Lake  and  store  it  there,  using  the  storage  in  the  Millvale  basin 
if  necessary. 
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basin  will  equalize  the  flow  of  the  stream  and  allow  of  a  pump 
sd  of  no  greater  capacity  than  the  average  daily  flow  for  the 
r  as  much  of  it  as  is  required  by  the  consumption." 
application  was  accompanied  by  the  report  and  plans  of  your 

Mr.  Freeman  C.  Coffin,  relative  to  providing  an  additional  water 
>r  your  city, 
tate  Board  of  Health  has,  from  time  to  time,  for  many  years, 

samples  of  water  from  the  present  sources  of  supply,  viz.,  Eenoza 
ystal  Lake,  Round  Pond  and  Plug  Pond,  and  regards  the  water 

these  sources  except  Plug  Pond  as  of  suitable  quality  at  the 
ime  for  drinking. 

mount  of  water  consumed  by  the  city  is  not  definitely  known, 
only  the  portion  pumped  from  Kenoza  Lake  is  measured,  but, 
from  the  estimates  made  by  your  engineer  and  similar  estimates 

an  engineer  of  this  Board,  the  average  consumption  of  water 
le  three  years  from  1892  to  1894,  inclusive,  was  2,800,000  gallons 
which  is  in  excess  of  the  capacity  of  the  present  sources  of  supply, 
i  of  Plug  Pond,  in  a  series  of  dry  years.  It  therefore  follows 
additional  supply  should  be  provided  at  once,  or  that  measures 
e  taken  promptly  to  diminish  the  consumption  of  water, 
mount  of  water  consumed  in  Haverhill  is  very  large  in  proportion 
pulation,  as  will  be  seen  by  the  following  comparison  with  the  con- 
i  in  other  cities  in  the  State  where  the  manufacture  of  boots  and 
the  chief  industry :  — 


Name  of  Citt. 


Estimated  Popu- 
lation in  188ft. 


Average  Daily  Consumption  or 
Watkb  in  Gallons,  1892-94,  in- 
clusive. 


Total. 


Per  Inhabitant 


eluding  Saugus), 


>ugh, 


68,378 
30,600 
31.200 
15,524 


3,770,000 

2,800,000 

767,000 

441,000 


55 
92 
25 
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is  no  doubt  that  the  consumption  of  water  in  Haverhill  is  unusu- 
;e,  and  that  it  would  be  feasible  to  diminish  it  by  preventing  the 
and  waste  of  water  to  such  an  extent  that  the  present  sources 
lpply  considerably  more  than  the  present  population, 
rses  of  samples  of  water  collected  from  the  East  Meadow  River  at 
of  the  proposed  storage  reservoir,  together  with  an  examination  of 
nage  area  of  this  river,  show  that  the  water  is  practically  free  from 
i  by  sewage,  but  that  it  contains  organic  matter,  and  has  a  brown- 
r  derived  mainly  from  the  swamps  upon  the  water-shed ;   so  that,  if 
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conveyed  directly  to  the  city,  it  would  be  less  attractive  in  appearance  and 
probably  less  palatable  than  the  water  from  the  present  sources. 

This  objection  would  be  overcome  to  a  large  extent  by  pumping  the 
water  into  Eenoza  Lake.  The  mingled  waters  will  be  of  much  better 
quality  than  the  water  of  the  East  Meadow  River,  and  will  bleach  and  other- 
wise improve  in  quality  by  storage  in  the  lake.  When  it  becomes  neces- 
sary to  take  a  large  proportion  of  the  water  from  the  East  Meadow  River, 
it  may  prove  desirable  to  improve  the  quality  of  the  water  of  the  river  by 
thoroughly  draining  the  swamps  upon  the  water-shed,  so  that  the  water  will 
not  take  up  so  large  an  amount  of  organic  and  coloring  matter.  If  the 
population  upon  the  water-shed  of  the  river  should  increase  materially,  it 
may  be  necessary  to  take  efficient  measures  to  prevent  the  waste  matters 
from  entering  the  river. 

Owing  to  the  large  size  of  the  water-shed  of  the  East  Meadow  River 
above  the  proposed  dam,  there  is  no  doubt  that  the  quantity  of  water  which 
flows  in  the  river  during  the  year  is  much  larger  than  the  quantity  flowing 
into  all  of  the  present  sources ;  and,  since  the  ponds  and  lakes  now  in  use 
have  a  very  large  storage  capacity,  a  large  additional  supply  could  be 
obtained  by  pumping  the  portion  of  the  flow  of  the  river  which  could  be 
made  available  without  constructing  a  storage  reservoir  upon  it.  A  still 
larger  supply,  however,  can  be  obtained  by  constructing  the  proposed 
storage  reservoir  upon  the  river,  and  if  all  of  the  mud  and  vegetable 
matter  is  removed  from  its  site,  as  proposed  by  you,  the  quality  of  the  water 
should  improve  rather  than  deteriorate  by  storage  in  this  reservoir. 

As  the  result  of  all  of  its  examinations,  the  Board  believes  that  the 
proposed  source  can  be  made  to  furnish  a  water  of  satisfactory  quality,  and 
that  it  is  the  most  appropriate  source  from  which  to  take  an  additional 
water  supply  for  the  city  of  Haverhill. 

Holden.  The  committee  on  water  supply  for  the  town  of  Holden 
applied  to  the  Board  Jan.  23,  1895,  for  its  advice  relative  to  taking 
the  water  of  Pine  Hill  Reservoir  in  that  town  as  a  source  of  domes- 
tic water  supply.  The  Board  replied  to  this  application  as 
follows :  — 

Boston,  March  19,  1895. 

The  proposed  source  would  furnish  an  abundant  supply  of  water,  but  the 
quality  is  likely  to  be  somewhat  unsatisfactory  unless  the  town  obtains  con- 
trol of  and  improves  the  reservoir,  which  was  not  originally  prepared  with  a 
view  to  storing  water  for  domestic  use,  and  is  now  drawn  very  low  in  dry 
seasons  for  use  at  the  mills  below,  and  improves  the  quality  of  the  water 
entering  the  reservoir  by  preventing  the  discharge  of  manufacturing  wastes- 
into  it,  and  by  draining  swamps  above  the  reservoir. 
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a  addition  to  the  objection  that  this  water  is  not  likely  to  be  wholly  sat- 
ctory  in  quality,  there  is  the  farther  objection  that  the  reservoir  is  not 
1  enough  to  furnish  by  gravity  an  efficient  fire  service  in  the  town, 
n  view  of  these  unfavorable  features  of  the  source  proposed  by  you, 
Board  has  caused  a  further  examination  of  Muschopauge  Pond  in  the 
n  of  Rutland  to  be  made,  in  order  to  ascertain  whether  this  source, 
ch  has  recently  been  considered  in  connection  with  a  proposed  water 
ply  for  Rutland,  is  not  also  an  appropriate  source  of  supply  for  Holden. 
s  pond  will  furnish  a  water  of  better  quality  than  Pine  Hill  Reservoir, 
is  high  enough  to  provide  by  gravity  an  ample  pressure  for  fire  pur- 
es  in  all  parts  of  Holden,  and  the  quantity  of  water  is  sufficient  for  both 
ns. 

f easurements  from  the  State  map  indicate  that  the  additional  length  of 
n  pipe  required  to  take  water  from  the  pond  instead  of  from  Pine  Hill 
ervoir  will  be  about  0.7  of  a  mile ;  but  the  advantages  of  taking  a  water 
ply  from  this  source  are  so  great  that  the  Board  regards  it  a  more  appro- 
ve source  for  the  town  of  Holden  than  the  one  proposed ;  subject, 
rever,  to  the  right  of  the  town  of  Rutland  to  take  as  much  water  as  it 
ds  from  the  pond. 

Iolyoke.  An  application  was  received  from  the  water  board 
Holyoke  Nov.  29,  1895,  for  the  advice  of  the  State  Board  of 
alth,  relative  to  a*  proposed  additional  water  supply,  to  be  taken 
m  the  south-west  branch  of  the  Manhan  River  at  a  point  about 
>  and  one-half  miles  above  Russellville. 
The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Jao.  3,  1898. 

rhe  State  Board  of  Health  received  from  you  on  Nov.  22,  1895,  an 
lication  with  reference  to  a  proposed  additional  water  supply  for  the 
'  of  Holyoke,  to  be  taken  from  the  south-west  branch  of  the  Manhan 
er,  at  a  point  just  below  the  confluence  of  the  Manhan  and  Tucker 
oka,  about  two  and  one-half  miles  above  the  village  of  Russellville  in  the 
n  of  Southampton.  You  propose  at  first  to  divert  the  natural  flow  of 
brook  through  a  twenty-inch  or  twenty-four-inch  pipe  into  Ashley  Pond, 
of  your  present  sources  of  supply,  by  gravity,  and  subsequently,  when 
increase  in  the  use  of  water  by  the  city  makes  necessary  a  larger  supply 
q  the  natural  flow  of  the  brook  will  furnish  in  connection  with  present 
roes,  you  propose  to  construct  storage  reservoirs  at  favorable  sites 
>n  the  stream  and  its  tributaries. 

four  investigations  with  reference  to  storage  reservoirs  upon  the  water- 
3  of  the  proposed  source  indicate  that  a  reservoir  of  a  capacity  of  about 
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760,000,000  can  be  constructed  on  the  Manhan  Brook,  about  one  and  one- 
half  miles  above  its  junction  with  Tucker  Brook,  and  that  another  reservoir 
of  large  capacity  can  be  constructed  at  the  junction  of  Manhan  and  Tucker 
brooks. 

The  Board  has  caused  an  examination  of  the  proposed  source  of  supply 
to  be  made  and  samples  of  the  water  sent  in  by  you  to  be  analyzed.  These 
analyses  indicate  that  the  water  of  the  proposed  source  is  soft,  and  other- 
wise of  good  quality  for  domestic  use. 

This  water-shed,  when  developed  by  the  construction  of  storage  reser- 
voirs at  the  sites  indicated,  will,  in  connection  with  your  present  sources, 
furnish  a  sufficient  supply  for  the  city  for  a  very  long  time  in  the  future  at 
the  present  rate  of  increase  in  population,  if  the  consumption  of  water  does 
not  exceed  about  90  gallons  per  inhabitant. 

The  taking  of  the  proposed  source  by  Holyoke  does  not  appear  to  con- 
flict with  the  interests  of  other  growing  communities  in  the  vicinity,  so  far 
as  the  future  water  supply  of  these  places  is  concerned,  and  the  source  is 
an  appropriate  one  for  additional  water  supply  for  Holyoke. 

The  question  as  to  the  size  of  pipe  to  be  used  for  conveying  water  from 
the  south-west  branch  of  the  Manhan  River  to  Ashley  Lake  is  largely  one 
of  cost,  and  depends  to  a  considerable  extent  upon  the  future  growth  of 
the  city.  If  the  city  should  continue  to  grow  for  many  years  in  the  future 
at  about  the  same  rate  that  its  past  growth  seems  to  indicate,  there  will 
probably  be  little  difference  in  the  ultimate  cost  whether  a  twenty-inch  or 
twenty- four- inch  pipe  is  used.  If  the  increase  in  population  and  in  the  use 
of  water  should  be  less  rapid  in  the  future  than  in  the  past,  a  twenty-inch 
pipe  would  probably  be  somewhat  more  economical.  There  is  an  advan- 
tage in  the  use  of  the  larger  pipe,  however,  in  that,  even  before  its  full 
capacity  is  required  to  prevent  a  shortage  of  water,  it  would  be  of  great 
advantage  in  filling  the  present  ponds  and  reservoirs  in  the  spring,  keeping 
them  at  a  higher  level  in  the  summer,  and  maintaining  a  better  quality  of 
water. 

Kingston.  In  the  report  of  the  Board  for  1888  the  following 
statement  appears  in  regard  to  the  water  supply  of  Kingston  :  — 

In  the  town  of  Kingston  there  are  at  present  two  water  supplies,  one  of 
which,  supplying  water  for  about  forty  or  fifty  families,  has  for  many 
years  conveyed  its  supply  to  the  houses  for  a  considerable  part  of  the 
distance  in  a  lead  pipe  one  and  one-half  inches  in  diameter.  As  there 
was  some  apprehension  in  the  town  lest  injury  might  occur  to  the  persons 
using  this  water,  it  was  thought  best  to  refer  the  matter  to  the  State 
Board  of  Health.  It  was  stated  that  in  certain  instances  persons  who  used 
the  water  had  been  made  ill.     So  far  as  could  be  learned,  however,  the 
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iptoms  which  had  been  referred  to  this  cause  were  not  indicative  of 
1-poisoning. 

Samples  of  the  water  were  obtained  from  the  pipes  at  Kingston,  and 
unitted  to  chemical  analysis.  The  result  of  the  analysis  indicated  that 
water  was  dissolving  quantities  of  lead,  so  minute  that  they  could  not 
regarded  as  injurious  to  health ;  but  the  fact  that  any  lead  was  dis- 
ced by  this  water  may  imply  that  under  certain  circumstances  the 
intity  of  lead  contained  may  be  large  enough  to  become  injurious,  and 
are  glad  to  learn  that  since  the  date  of  this  inquiry  the  works  of  the 
ueduct  Company  have  been  bought  by  the  town  of  Kingston,  and  the 
t  of  the  lead  pipe  discontinued. 

^ie  public  water  supply  of  the  town,  after  the  general  introduc- 
of  water  and  the  discontinuance  of  the  works  of  the  old 
pany,  was  obtained  from  a  well  near  the  mill-pond  upon  the 
»s  River.  This  was  subsequently  increased  by  means  of  a 
r-gallery  about  three  hundred  feet  in  length,  extending  along 
bank  of  the  pond  and  river  above  the  well.  In  1891  the  filter- 
*ry  was  still  further  extended  to  a  length  of  about  twelve  hun- 
.  feet. 

i  August,  1895,  information  was  received  by  the  Board  from 
ral  sources  that  persons  using  the  water  of  the  Kingston  water 
>ly  exhibited  well-marked  symptoms  of  lead-poisoning.  About 
same  time  a  verbal  request  was  made  by  the  Kingston  water 
d  that  an  analysis  of  the  water  supplied  by  the  town  should  be 
3.  The  Board  then  caused  an  investigation  to  be  made,  which 
red  conclusively  that  at  least  twenty-five  of  the  consumers  of 
nrater  of  the  public  supply  at  Kingston  presented  undoubted 
rtoms  of  lead-poisoning. 

le  following  conditions  were  also  found  to  exist :  — 
l  unusually  free  use  of  lead  pipe  through  the  town.  The  ser- 
pipes  wrere  all  of  lead,  and  the  average  distance  of  the  houses 
the  street  is  greater  than  that  which  prevails  in  most  villages, 
at  longer  pipes  are  necessary  for  supplying  the  houses.  There 
several  instances  in  which  houses  are  situated  at  an  unusual 
nee  from  the  street  main,  so  that  several  hundred  feet  of  lead 
ar6  used  to  connect  the  house  with  the  main,  and  in  these 
noes  the  most  severe  cases  of  lead-poisoning  have  occurred. 
le  instance,  where  there  were  long  stretches  of  lead  pipe,  the 
le  did  not  suffer,  and  in  these  cases  it  was  found  that  care  was 
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taken  not  to  use  the  water  which  had  remained  in  the  pipes  over 
night,  but  to  let  it  run  off  before  using.  Samples  of  water  were 
obtained  from  the  taps  at  several  houses,  the  water  having  been 
allowed  to  stand  over  night  in  the  pipes,  and  in  nearly  every  in- 
stance the  amount  of  lead  found  to  exist  in  such  samples  was  found 
to  be  considerably  beyond  the  limits  usually  regarded  as  dangerous 
to  health.  These  amounts  were  found  to  be  as  high,  in  several 
instances,  as  \>  J  and  }  grains  per  gallon. 

In  consequence  of  the  results  of  these  investigations,  the  Board 
sent  the  following  communication  to  the  board  of  water  commis- 
sioners of  Kingston :  — 

Boston,  Sept.  23,  1895. 

The  State  Board  of  Health  has  considered  your  request  for  advice  in 
regard  to  the  healthfulness  of  the  present  water  supply  of  the  town,  and, 
though  not  having  completed  its  investigations,  it  has  found  that  the  use 
of  lead  pipes  in  the  distribution  of  this  water  has  seriously  injured  the 
health  of  many  citizens  of  the  town,  and  endangers  the  health  of  all  who 
use  the  water  so  conveyed. 

The  Board,  therefore,  recommends  the  immediate  removal  of  all  lead 
pipes  in  the  town,  wherever  they  are  used  for  conveying  water  for  domestic 
use,  either  as  service  pipes  or  as  street  mains. 

The  general  subject  of  lead-poisoning  will  receive  fuller  attention 
in  a  later  report  of  the  Board. 

Leicester.  An  application  was  received  from  the  water  com- 
missioners of  Leicester,  Jan.  29,  1895,  for  the  advice  of  the  Board 
relative  to  taking  the  water  of  Asnebumskit  Pond  in  the  town  of 
Paxton  as  an  additional  source  of  water  supply  for  Leicester.  The 
Board  replied  to  this  application  as  follows  :  — 

Boston,  Feb.  5,  1895. 

The  State  Board  of  Health  received  from  you  on  Jan.  29,  1895,  an 
application  relative  to  taking  an  additional  water  supply  for  the  Leicester 
water  supply  district  from  Asnebumskit  Pond  in  the  town  of  Paxton,  and 
on  the  same  day  received  an  application  from  the  selectmen  of  the  town 
of  Paxton  relative  to  taking  a  water  supply  for  that  town  from  the  same 
source. 

The  examinations  made  by  the  Board  lead  it  to  conclude  that  the  water 
of  this  pond  is  of  suitable  quality  for  all  the  purposes  of  a  public  water 
supply,  although  it  would  be  advisable  to  take  first  the  water  of  certain 
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at  the  southerly  end  of  the  pond  to  the  extent  of  their  capacity  on 
of  the  better  quality  of  the  water,  and  to  supplement  the  supply 
3se  springs  with  water  taken  from  the  pond.  The  pond  will  furnish 
snt  quantity  of  water  to  meet  the  requirements  of  both  communi- 
1  from  its  situation  with  relation  to  the  sources  which  at  present 
Leicester  with  water  by  gravity  and  to  the  town  of  Paxton,  the 
egards  it  as  an  appropriate  source  of  water  supply  for  both  places. 

diNSTER.  An  application  was  received  June  6,  1895,  from 
ter  committee  of  Leominster,  for  the  advice  of  the  Board 
)  to  an  additional  water  supply  to  be  obtained  by  construct- 
ervoirs  upon  Fall  Brook  in  that  town.  The  Board  replied  to 
plication  as  follows :  — 

Boston,  Aug.  12,  1895. 

State  Board  of  Health  received  from  you  on  June  6,  1895,  an 
ion  relative  to  a  proposed  increase  in  the  system  of  water  supply  of 
a  of  Leominster,  and  subsequently  (July  10)  received  from  your 
r  blue-print  copies  of  your  proposed  plans,  showing  locations  for 
arage  reservoirs  on  Fall  Brook  in  the  south-westerly  part  of  the 

toard  has  caused  an  examination  of  the  proposed  source  of  supply 
ade  by  one  of  its  engineers,  and  has  also  caused  the  water  of  Fall 

0  be  analyzed.  The  analyses  show  that  the  water  has  but  little 
\  soft,  and  is  in  other  respects  a  surface  water  of  good  quality, 
instructing  the  lower  reservoir  on  Fall  Brook,  as  indicated  on  the  plan 
3d,  the  capacity  of  all  works  supplying  the  town  will  be  increased 
t  2,000,000  gallons  per  day  in  a  very  dry  season,  and  possibly 
at  more,  depending  upon  the  amount  of  water  lost  by  leakage.  If 
i  reservoirs  indicated  on  the  plan  should  be  constructed,  the  capac- 
the  works  would  not  be  further  increased  by  more  than  about 

1  gallons  per  day,  an  amount  which  would  meet  the  increasing 
f  the  town  for  only  a  short  time  after  the  consumption  of  water 
the  capacity  of  the  original  works  and  proposed  lower  reservoir, 
mates  of  cost  have  been  submitted,  but  it  seems  probable  that 
»  will  show  that  the  cost  of  constructing  these  reservoirs,  or  either 
,  will  be  found  too  great  in  proportion  to  the  increase  in  supply  to 
ined  thereby  to  warrant  the  expense. 

nroposed  lower  reservoir,  according  to  the  plan,  will  cover  an  area 
acres,  a  portion  of  which,  amounting  to  14.8  acres,  consists  of 
uid  meadow  land,  the  soil  of  which  is  mud  or  peat,  extending  in 
places  to  a  depth  of  more  than  8  feet.  Samples  of  soil  collected 
or  test  pits  at  different  depths  from  6  inches  to  3  feet  beneath  the 


34  STATE  BOARD   OF  HEALTH.  [Pub.  Doc. 

surface  in  the  swamp  and  meadow  area  indicate  that  the  material  of  this 
area  is  composed  very  largely  of  organic  matter. 

It  la  understood  that  it  is  proposed  to  prepare  the  reservoir  thoroughly 
for  the  storage  of  water  by  removing  all  the  soil  and  vegetable  matter  from 
the  area  to  be  flowed,  excepting  from  the  swampy  portions,  and  that  these 
portions  are  to  be  covered  with  sand  or  gravel,  or  other  suitable  material 
from  the  sides  of  the  reservoir. 

The  experience  in  this  State  where  reservoirs  have  been  thoroughly  pre- 
pared for  the  storage  of  water  by  the  removal  of  all  of  the  soil  and  vege- 
table matter  from  the  bottom  and  sides  has  been  an  extremely  satisfactory 
one,  and  this  method  should  be  followed  in  the  construction  of  the  pro- 
posed reservoir  wherever  the  depth  of  soil  and  vegetable  matter  is  not  60 
great  as  to  render  it  very  expensive.  In  the  swampy  portions  of  the  reser- 
voir, where  the  depth  of  peaty  and  vegetable  matter  is  so  great  as  to  render 
it  impracticable  to  remove  it  all  on  account  of  the  great  cost  of  the  work, 
that  portion  of  the  peat  around  the  edges  of  the  mass  where  it  is  less  than 
two  feet  deep  should  be  removed,  and  all  of  the  trees,  bushes  and  stumps 
from  the  other  portions,  and  the  remaining  swampy  material  covered  with 
sand,  gravel  or  other  suitable  material,  free  from  organic  matter.  The 
covering  should  be  sufficient  to  prevent  the  contact  of  the  water  with  the 
mud,  peat  or  other  organic  material,  and  a  depth  of  one  foot  will  probably 
be  sufficient  in  all  ordinary  cases.  The  covering  should  be  extended 
beyond  the  edges  of  the  peaty  material  so  as  to  cover  them  liberally. 

While  no  reservoir  in  the  State  has  been  prepared  in  exactly  this  manner, 
it  seems  altogether  probable  that  the  quality  of  the  water  in  the  reservoir, 
if  treated  in  this  manner,  will  be  satisfactory. 

Investigations  of  the  present  sources  of  supply  of  Leominster  show 
that  the  yield,  while  somewhat  indefinite,  owing  to  leakage  from  Morse 
Reservoir,  is  probably  between  850,000  and  900,000  gallons  per  day  in  a 
very  dry  season,  an  amount  sufficient  to  supply  between  90  and  100  gallons 
per  day  to  each  inhabitant.  From  investigations  made  by  your  engineer  it 
appears  that  the  amount  of  water  actually  used  in  the  town  in  a  summer 
month  when  observations  were  made  exceeded  an  average  of  180  gallons 
per  inhabitant  per  day.  This  is  an  excessive  consumption,  as  in  all  the 
cities  and  towns  of  the  State  where  records  of  the  quantity  of  water  con- 
sumed are  kept,  excepting  the  city  of  Boston,  the  amount  used  in  the  year 
1893  averaged  less  than  100  gallons  per  inhabitant,  and  in  many  towns  of 
about  the  same  size  as  Leominster  the  consumption  per  inhabitant  was 
only  from  40  to  60  gallons. 

The  quality  of  the  water  of  your  present  sources  of  supply,  with  the 
exception  of  Haynes  Reservoir,  as  shown  by  examinations  of  the  Board  in 
this  and  previous  years,  is  excellent.  The  water  of  Haynes  Reservoir  has 
been  of  bad  quality  in  the  summer  in  every  year  in  which  it  has  been  ex- 
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led  by  the  Board.  It  is  understood  that  a  portion  of  the  area  covered 
he  reservoir  was  originally  swamp  and  meadow  land,  and  after  an 
tional  supply  has  been  introduced  an  investigation  of  Haynes  Reservoir 
dd  be  made  to  determine  whether  the  quality  of  the  water  cannot  be 
roved  at  reasonable  cost ;  otherwise,  it  is  desirable  that  the  use  of  the 
rvoir  be  avoided  except  at  such  seasons,  if  any  occur,  when  the  quality 
tie  water  is  not  objectionable. 

*owell.  The  water  board  of  Lowell  applied  to  the  Board  Nov. 
1894,  for  its  advice  relative  to  the  question  of  extending  their 
ren-well  system  in  the  valley  of  River  Meadow  Brook  in  the 
n  of  Chelmsford.  The  Board  replied  to  this  application  as  fol- 
s :  — 

Boston,  May  2,  1895. 

t  is  learned  from  your  annual  report  for  1894  that  the  average  con- 
ption  of  water  during  that  year  was  6,568,170  gallons  per  day,  of 
ch  4,272,617  gallons  were  pumped  from  the  Merrimac  River  and  the 
r-gallery  and  filter-bed  beside  it,  and  2,295,558  gallons  from  the  origi- 
driven-well  plant,  which  was  first  used  in  September,  1893. 
t  is  understood  that  the  first  driven- well  plant  was  put  in  by  you  in 
er  to  substitute  a  pure  water  for  the  river  water,  and  not  because  of  any 
ciency  in  the  quantity  of  water  to  be  obtained  by  the  existing  works 
n  the  river ;  and,  as  you  are  probably  aware,  the  State  Board  of  Health 
surds  the  river  water,  when  not  purified  by  filtration,  as  a  dangerous 
er  to  drink. 

Is  the  first  driven-well  plant  furnished  a  substitute  for  only  a  portion 
be  water  formerly  taken  from  the  river,  the  new  plant  in  the  town  of 
ilmsford  is  now  being  constructed  in  order  to  obtain  a  substitute  for  a 
t  or  the  whole  of  the  water  which  still  has  to  be  taken  directly  from  the 

if  any  analyses  have  been  made  from  time  to  time  of  samples  of  water 

lected  from  the  first  driven-well  plant,  and,  while  there  has  been  a  slight 

erioration  during  the  past  year,  the  water  is  of  very  good  quality. 

Che  new  plant  in  the  town  of  Chelmsford  at  the  present  time  consists  of 

irge  number  of  wells  driven  on  both  sides  of  a  long  suction  pipe,  a  short 

tance  from  and  parallel  with  the  old  Middlesex  Canal. 

>ix  samples  of  water  from  these  wells  have  been  analyzed  by  the  State 

ird  of  Health,  five  being  collected  under  the  direction  of  your  city 

jneer  and  one  by  an  engineer  of  the  State  Board  of  Health. 

rhe  first  sample,  collected  on  Jan.  24,  1895,  was  in  every  respect  an 

ellent  water.     The  second  and  third  samples,  collected  respectively  on 

rch  4  and  20,  had,  after  standing,  considerable  color  for  a  ground  water, 
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and  contained  more  iron  than  is  desirable  in  a  water  to  be  used  for  a  public 
water  supply,  but  in  other  respects  were  of  good  quality.  It  is  understood 
that  these  samples  were  collected  from  the  southerly  half  of  the  line  of 
wells.  The  fourth  sample,  collected  on  April  3,  from  the  northerly  section 
of  wells,  was  colorless,  contained  only  an  insignificant  amount  of  irpn,  and 
was  of  excellent  quality.  The  fifth  sample,  collected  April  6,  from  a  pump 
drawing  water  from  63  wells  in  the  northerly  and  southerly  sections,  when 
20  wells  in  the  southerly  section  were  shut  off,  had  a  scarcely  perceptible 
color,  contained  a  small  amount  of  organic  matter  but  more  than  any 
previous  sample,  and  three  times  as  much  iron  as  the  fourth  sample  but 
only  about  one-fourth  as  much  as  the  second  and  third  samples.  The  sixth 
sample,  collected  April  12,  from  the  same  pump,  was  of  the  same  general 
character  as  the  fifth  sample. 

The  last  two  samples  represent  a  larger  number  of  wells  than  the  others, 
and  the  water  which  they  supply  is  of  very  good  quality  at  the  present  time, 
but  whether  it  will  remain  so  when  water  is  pumped  continuously  for  a  long 
time  cannot  be  foretold  with  certainty  with  the  present  information. 

Experience  with  the  ground-water  supplies  in  the  State  shows  that  in 
some  cases  the  quantity  of  iron  has  increased  and  the  waters  have  deterio- 
rated in  other  respects  with  long-continued  pumping,  until  it  has  become 
necessary  to  provide  a  new  supply.  In  other  cases  the  waters  have  remained 
unchanged  after  as  many  as  twenty  years  of  continuous  pumping,  but  there 
is  no  case  which  has  come  to  the  attention  of  the  Board  in  which  long- 
continued  pumping  has  improved  the  quality  of  the  water. 

Both  the  old  and  the  new  driven  wells  will  derive  a  part  of  their  supply 
by  the  filtration  of  water  from  River  Meadow  Brook,  upon  which  the  main 
village  of  Chelmsford  is  situated ;  and,  while  the  water  filtering  from  the 
brook  in  this  way  may  become  partially  or  wholly  purified  by  its  passage 
through  the  ground,  the  water  of  the  brook  should  not  be  polluted  by  turn- 
ing sewage  into  it. 

The  quantity  of  water  drawn  from  the  first  driven- well  plant  during  the 
year  1894  was  35  per  cent,  of  the  total  quantity  supplied  to  the  city,  and 
during  the  latter  part  of  the  dry  portion  of  the  year  was  a  smaller  per- 
centage. 

Judging  from  the  quantities  of  water  which  have  been  pumped  from  the 
old  and  new  systems  of  wells,  and  a  careful  study  of  all  the  conditions 
affecting  the  quantity  of  water  to  be  obtained  from  them,  the  Board  thinks 
it  improbable  that  they  will  furnish  more  than  half  enougn  ground  water 
in  the  drier  portions  of  a  dry  year  to  meet  the  requirements  of  the  city  of 
Lowell ;  and  the  Board,  therefore,  urges  you  to  proceed  forthwith  either  to 
purify  the  water  taken  from  the  river  or  to  obtain  a  further  supply  of  pure 
water  from  some  adequate  source. 
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Montague  (Millek's  Falls)  .  The  water  supply  committee  of 
Miller's  Falls  applied  to  the  Board  Jan.  22,  1895,  for  its  advice 
relative  to  the  introduction  of  a  public  water  supply  for  the  village 
of  Miller's  Falls  and  the  settlement  known  as  Lake  Pleasant  by 
extending  the  pipes  of  the  Turner's  Falls  water  works.  The  Board 
replied  to  the  application  as  follows :  — 

Boston,  March  1,  1895. 

Analyses  of  the  water  of  this  lake  (Lake  Pleasant)  have  been  made  at 
intervals  for  several  years  by  the  State  Board  of  Health,  which  show  that 
it  is  very  soft  and  of  excellent  quality  for  water-supply  purposes,  and, 
with  due  care  to  protect  it  from  pollution  from  the  Lake  Pleasant  camp 
ground,  it  should  remain  of  good  quality. 

It  is  not  practicable  at  this  season  of  the  year,  with  the  large  amount  of 
snow  upon  the  ground,  to  determine  how  much  water  this  lake  will  furnish. 
From  such  information  as  could  be  obtained,  however,  with  the  aid  of  the 
topographical  map  of  the  State,  it  seems  probable  that  it  will  furnish  a 
sufficient  quantity  of  water  for  the  village  now  supplied  and  the  district 
which  it  is  proposed  to  supply  from  it. 

In  view  of  all  the  circumstances,  the  Board  is  of  the  opinion  that  the 
proposed  source  of  supply  is  an  appropriate  one  for  the  villages  of  Miller's 
Falls  and  Lake  Pleasant. 

Montague  (Village)  .  An  application  was  received  Feb.  6, 1895, 
from  W.  H.  Ninis  and  others  of  Montague,  requesting  the  advice  of 
the  Board  relative  to  taking  the  water  of  certain  springs  about  one- 
eighth  of  a  mile  south  of  the  village  as  a  source  of  public  water 
supply  for  the  village  of  Montague.  The  Board  replied  to  this 
application  as  follows  :  — 

Boston,  Feb.  28,  1895. 

It  is  understood  that  the  water  from  the  springs  is  to  be  collected  into  a 
small  basin  and  well  and  pumped  to  an  open  distributing  reservoir. 

The  Board  has  caused  an  examination  of  the  source  to  be  made,  so  far 
as  was  feasible  at  this  season  of  the  year,  and  an  analysis  of  a  sample 
of  water  collected  from  a  brook  flowing  from  the  springs,  aud  finds 
the  water  to  be  soft  and  in  other  respects  of  excellent  quality  for  the 
purposes  of  a  public  water  supply.  If  exposed  to  the  light  in  open  reser- 
voirs the  water  is  likely  to  be  less  satisfactory  to  the  taste  than  if  conveyed 
lirectly  from  the  springs  to  the  consumer,  or  stored  in  reservoirs  from  which 
he  light  is  excluded. 

The  information  in  the  possession  of  the  Board  is  not  sufficiently  com- 
plete to  enable  it  to  predict  whether  this  source  will  supply  a  suflicient 
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quantity  of  water  for  the  village  in  a  very  dry  season,  bat  the  indications 
are  that  it  will  do  so. 

Paxton.  An  application  was  received  from  the  selectmen  of 
Paxton  Jan.  29,  1895,  for  the  advice  of  the  Board  relative  to  taking 
the  water  of  Asnebumskit  Pond  as  a  public  water  supply  for  the 
town.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Feb.  5,  1895. 

The  State  Board  of  Health  received  from  you  on  Jan.  29,  1895,  an  ap- 
plication relative  to  taking  a  water  supply  for  the  town  of  Paxton  from 
Asnebumskit  Pond,  which  is  within  the  limits  of  the  town,  and  on  the  same 
day  received  an  application  from  the  water  commissioners  of  the  Leicester 
water  supply  district  relative  to  taking  an  additional  water  supply  for 
Leicester  from  the  same  source. 

The  examinations  made  by  the  Board  lead  it  to  conclude  that  the  water 
of  this  pond  is  of  suitable  quality  for  all  the  purposes  of  a  public  water 
supply r  although  it  would  be  advisable  to  take  first  the  water  of  certain 
springs  at  the  southerly  end  of  the  pond  to  the  extent  of  their  capacity  on 
account  of  the  better  quality  of  the  water,  and  to  supplement  the  supply 
from  these  springs  with  water  taken  from  the  pond. 

The  pond  will  furnish  a  sufficient  quantity  of  water  to  meet  the  require- 
ments of  both  communities,  and,  from  its  situation  with  relation  to  the 
town  of  Paxton  and  to  the  sources  which  at  present  supply  Leicester  with 
water  by  gravity,  the  Board  regards  it  as  an  appropriate  source  of  water 
supply  for  both  places. 

Pepperell.  An  application  wras  received  Oct.  10,  1894,  from 
the  water  committee  of  the  town  of  Pepperell,  for  the  advice  of  the 
Board  relative  to  the  propriety  of  taking  water  for  a  public  water 
supply  from  any  source  within  the  limits  of  Pepperell  or  from 
Rocky  Pond  in  Hollis,  N.  H.  The  Board  replied  to  this  application 
as  follows :  — 

Boston,  Dec.  7,  1895. 

The  State  Board  of  Health  received  from  you  on  Oct.  8,  1894,  an  ap- 
plication with  reference  to  a  proposed  water  supply  for  the  town  of  Pep- 
perell, stating  that  permission  would  be  asked  of  the  Legislature  to  take 
water  from  any  source  within  the  limits  of  the  town,  and  possibly  from 
Rocky  Pond  in  Hollis,  N.  II.,  if  it  should  be  high  enough  to  furnish  a 
supply  by  gravity.  Subsequently  a  plan  was  submitted,  indicating  as  the 
proposed  source  of  supply  a  well  near  the  Nissitissit  River  and  just  above 
the  mouth  of  Sucker  Brook  in  Pepperell. 
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A  copy  of  a  report  by  your  engineer,  relative  to  a  water  supply  for  the 
town,  was  submitted  Feb.  8,  1895,  proposing  as  a  source  of  supply  a  col- 
lecting well  to  be  located  near  the  junction  of  the  Nissitissit  River  and 
Sucker  Brook,  where  it  is  thought  that  a  considerable  amount  of  water 
would  be  obtained  from  natural  filtration  through  the  ground  from  the 
river.  A  plan,  which  is  understood  to  have  accompanied  the  report  of 
your  engineer,  was  furnished  by  you  in  May,  1895.  This  plan  indicates  a 
collecting  well  near  the  Nissitissit  River,  just  below  the  mouth  of  Sucker 
Brook,  and  a  pumping  station  near  the  brook  just  above  Brookline  Street, 
and  approximately  900  feet  from  the  river.  It  is  further  stated  in  the 
report  of  your  engineer,  that,  when  required,  a  second  smaller  collecting 
well  can  be  built  farther  up  the  brook  in  the  Sartelle  meadow,  and  the 
water  carried  by  gravity  to  the  proposed  pumping  station,  a  distance  of 
about  7,500  feet;  and  it  is  suggested  that  in  the  trench  in  which  the  pipe 
to  the  Sartelle  well  would  be  laid  a  considerable  amount  of  ground  water 
would  no  doubt  be  encountered,  and  that  this  could  be  collected  and  taken 
in  a  tile  pipe  laid  with  open  joints  to  the  pumping  station.  It  is  further 
suggested  that  an  additional  supply  might  be  obtained  from  the  valley  of 
Gulf  Brook,  above  Smith  &  Willoughby's  Pond,  and  delivered  to  the 
pumping  station  by  gravity  through  a  pipe  8,300  feet  long. 

The  Board  has  caused  a  careful  examination  of  the  localities  mentioned 
to  be  made  by  one  of  its  engineers,  and  samples  of  ground  water  from  a 
spring  and  a  test  well  in  the  vicinity  of  the  Sartelle  meadow  to  be  analyzed. 
The  water  of  these  samples  was  found  to  be  of  good  quality  except  for  its 
hardness,  which  would  render  it  unsatisfactory  for  some  of  the  purposes  of 
a  public  water  supply.  No  opportunity  was  found  for  obtaining  samples 
of  water  from  the  ground  near  the  mouth  of  Sucker  Brook  or  in  the  valley 
of  Gulf  Brook. 

With  regard  to  the  quantity  of  water  to  be  obtained  from  the  ground  in 
the  vicinity  of  the  mouth  of  Sucker  Brook  by  means  of  a  well,  as  pro- 
posed, it  is  not  feasible  to  make  a  definite  statement,  as  no  tests  appear 
to  have  been  made  here  to  indicate  the  character  of  the  soil ;  but,  judging 
from  the  topography  and  the  surface  indications,  the  outlook  appears  to 
be  very  unfavorable  to  the  existence  of  porous  niaterial  beneath  the  sur- 
face here  of  sufficient  depth  and  extent  to  yield  enough  water  for  the 
supply  of  the  town. 

The  results  of  investigations  made  by  you  of  the  character  of  the  soil 
n  the  vicinity  of  Sartelle  meadow  in  the  valley  of  Sucker  Brook,  by  means 
>f  test  wells,  indicate  that  porous  material  is  found  beneath  the  surface 
lere,  from  which  water  can  be  freely  pumped,  but  that  its  depth  is  small, 
reing  in  places  less  than  20  feet  and  nowhere  exceeding  30  feet.  The 
extent  of  the  area  of  porous  material  has  not  been  determined. 
Farther  down  the  brook,  between  the  Sartelle  meadow  and  Brookline 
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Street,  in  the  region  through  which  the  pipe  from  the  proposed  well  in  the 
Sartelle  meadow  to  the  pumping  station  would  be  laid,  test  wells  indicate 
that  the  material  is  a  fine  sand,  from  which  it  cannot  be  expected  that  any 
very  large  quantity  of  water  can  be  collected  by  means  of  pipes  laid  with 
open  joints,  as  proposed. 

The  investigations  have  not  been  sufficient  to  enable  the  Board  to  advise 
you  definitely  as  to  the  probable  quantity  of  water  to  be  obtained  from  the 
proposed  works  in  the  valley  of  Sucker  Brook,  but  with  present  informa- 
tion the  indications  are  that  the  quantity  of  water  which  these  works  would 
furnish  would  not  be  sufficient  for  the  supply  of  the  town  in  the  drier 
portion  of  a  dry  year,  after  water  is  generally  introduced,  and  an  exten- 
sion of  the  collecting  system  would  be  necessary. 

The  investigations  in  the  valley  of  Gulf  Brook  have  not  been  sufficient 
to  indicate  definitely  the  character  of  the  soil;  but,  judging  from  the 
information  at  present  available,  enough  water  might  be  obtained  there  to 
furnish,  in  connection  with  the  proposed  works  in  the  valley  of  Sucker 
Brook,  a  sufficient  supply  of  water  for  the  town,  though  an  extensive 
collecting  system  might  be  found  necessary. 

The  situation  of  Rocky  Pond  in  Hollis,  N.  H.,  beyond  the  limits  of 
Massachusetts,  must  be  regarded  as  a  serious  disadvantage  to  its  use  as  a 
source  of  water  supply  for  Pepperell.  An  analysis  of  a  sample  of  water 
indicates  that  it  is  a  water  of  good  quality,  and  very  soft.  The  area  of 
the  water-shed  is  not  definitely  known,  but  from  present  information  it 
does  not  seem  probable  that  the  quantity  of  water  which  this  source  is 
capable  of  furnishing  would  be  sufficient  to  meet  the  needs  of  the  town 
after  the  water  shall  have  come  into  general  use. 

From  a  general  examination  of  other  sources  in  the  vicinity  of  the  town, 
it  is  found  that  the  surface  indications  in  the  valley  of  Unquetenassett 
Brook  appear  to  be  favorable  to  the  absorption  by  the  ground  of  a  large 
portion  of  the  water  falling  upon  its  surface;  and,  before  deciding  defi- 
nitely upon  a  source  of  supply,  the  Board  would  advise  that  you  cause  an 
investigation  of  the  ground  in  the  valley  of  this  brook  to  be  made,  to 
determine  whether  an  adequate  supply  of  soft  water  and  of  good  quality 
in  other  respects  can  be  obtained  from  the  ground  here,  and  the  probable 
cost  of  works  as  compared  with  those  proposed  for  taking  water  from  the 
valleys  of  Sucker  and  Gulf  brooks. 

The  Board  will,  upon  application,  advise  you  further  with  regard  to  this 
matter  when  you  have  additional  information  to  present. 

Pittsfield  (the  Onota  Water  Company) .  The  Onota  Water  Com- 
pany in  Pittsfield  applied  to  the  Board  March  29,  1895,  for  its  advice 
relative  to  the  introduction  of  water  for  domestic  purposes  for  that 
part  of  Pittsfield  near  West  Street,  the  proposed  supply  to  be  taken 
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rom  a  source  or  sources  in  the  adjacent  town  of  Hancock.     The 
Board  replied  to  this  application  as  follows :  — 

Boston,  May  2, 1895. 

The  Board  has  caused  an  examination  of  the  proposed  sources  to  be  made 
>y  one  of  its  engineers,  and  a  sample  of  water  from  the  brook  to  be  first 
ised  has  been  analyzed.  This  sample  was  collected  and  the  examination 
was  made  at  a  time  of  year  when  much  water  from  melting  snow  was  flow— 
ng  in  the  brooks,  and  it  was,  therefore,  impracticable  to  judge  accurately 
)f  the  quantity  or  quality  of  the  water  during  seasons  of  low  flow. 

The  sample  of  water  was  found  by  analysis  to  be  of  excellent  quality  and 
to  be  soft,  and,  judging  from  the  character  of  the  water-shed,  which  is 
ininhabited,  the  water  will  be  of  good  quality  at  all  seasons  of  the  year, 
though  it  will  probably  be  harder  during  seasons  of  low  flow  than  at  the 
time  the  sample  was  taken. 

The  measurements  which  you  have  made  of  the  dry-weather  flow  indicate 
that  this  source  may  furnish  at  all  times  an  ample  supply  of  water  for  the 
small  population  to  be  supplied  from  it  at  the  present  time,  and,  should  it 
prove  insufficient  in  the  future,  it  seems  feasible  to  enlarge  the  capacity  of 
this  source  by  building  a  storage  reservoir  or  to  obtain  an  additional  supply 
from  other  brooks  flowing  down  the  easterly  slope  of  these  mountains. 

The  Board,  therefore,  regards  the  sources  proposed  by  you  as  appro- 
priate ones  from  which  to  take  a  water  supply  for  the  inhabitants  of  the 
high  lands  in  the  westerly  portion  of  Pittsfield. 

Heading.  An  application  was  received  from  the  water  board  of 
Reading  March  15,  1894,  for  the  advice  of  the  State  Board  of 
Health  relative  to  the  purification  of  the  public  water  supply  of  the 
town.  The  special  points  upon  which  information  was  desired, 
together  with  the  reply  of  the  Board,  are  indicated  as  follows  :  — 

Boston,  Feb.  18,  1896. 

The  State  Board  of  Health  received  from  you  on  March  15,  1894,  an 
ipplication  asking  for  its  advice  with  reference  to  a  proposed  system  of 
purification  for  the  water  supply  of  the  town  of  Reading,  in  which  you 
itate  that  your  proposed  additions  are  fully  set  forth  on  page  24  of  your 
eport  for  1894.  You  further  state  that  *4The  water  board  of  Reading 
ire  anxious  to  ascertain  from  the  State  Board  of  Health  :  — 

"First.  —  Whether  the  State  Board  has  any  suggestions  to  make  as  to 
he  advisability  of  adopting  the  above  system. 

*  *  Second. — Whether  the  State  Board  has  any  facts  in  its  possession  which 
rill  aid  the  water  board  of  Reading  in  arriving  at  the  best  solution  of  their 
rater  troubles. 
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44  Third.  —  Whether  the  State  Board  has  any  recommendations  to  make 
as  to  abandoning  the  present  supply  and  seeking  a  new  source. 

"Fourth.  —  Whether,  all  things  considered,  the  treatment  in  the  method 
proposed  is  not  the  best  thing  that  the  town  of  Reading  can  do." 

About  one  month  later  the  Board  received  from  the  committee  on  water 
supply  of  the  town  of  Reading  a  communication  requesting  the  Board  to 
examine  the  territory  around  the  source  of  the  Mystic  River,  with  a  view 
to  a  supply  for  Reading  from  that  source,  and  to  examjne  Silver  Lake  in 
Wilmington  for  the  same  purpose. 

This  application  received  the  attention  of  the  experts  of  the  Board  soon 
after  it  was  submitted,  but,  owing  to  the  nature  of  the  advice  asked  for,  it 
was  necessary  to  determine  the  probable  effect  of  the  proposed  treatment 
of  the  water  at  times  when  the  meadow  in  which  the  filter-gallery  is  situ- 
ated is  covered  with  water,  which  did  not  occur  until  about  the  20th  of 
October. 

A  very  large  number  of  examinations  of  the  water  of  the  filter-gallery 
have  been  made  during  these  investigations  and  previously,  and  from 
these  results  it  appears  that  the  objectionable  character  of  the  Reading 
water  is  due  chiefly  to  the  presence  at  nearly  all  times  of  an  excessive 
amount  of  iron,  in  connection  with  other  mineral  and  organic  matter. 
The  amount  of  iron  found  in  the  water  varies  greatly  at  different  times, 
being  very  large  in  the  portion  of  the  year  when  the  meadow  is  covered 
with  water  and  much  smaller  during  the  summer  when  the  meadow  is  dry. 
It  has  also  been  observed  that  the  quantity  of  iron  present  in  the  water  may 
vary  greatly  in  the  course  of  a  single  day's  pumping. 

In  contrast  with  other  waters  in  which  a  sufficient  amount  of  iron  has 
been  found  to  affect  the  appearance  and  quality  of  the  water,  it  has  been 
found  that  the  iron  in  the  Reading  water  is  present  as  a  sulphate  instead  of 
being  in  the  form  of  bicarbonate.  When  iron  is  present  as  a  sulphate  its 
removal  from  water  is  very  much  more  difficult  than  when  it  is  present  as  a 
bicarbonate. 

Many  experiments  have  been  made  at  different  times,  with  a  view  to  a 
removal  of  the  iron  by  oxidation  and  subsequent  filtration  of  the  water 
through  sand  to  remove  the  precipitated  iron  oxide.  The  results  obtained 
by  this  means  have  been  very  variable.  But  in  general  it  may  be  said  that 
when  the  iron  is  present  in  the  water  in  small  amount,  say  not  over  0.3  of 
a  part  per  100,000,  the  iron  will  separate  out  of  the  water  almost  com- 
pletely on  exposure  to  the  air  for  twenty-four  to  thirty-six  hours,  in  the 
form  of  a  rusty  precipitate  which  can  be  removed  entirely  by  filtration 
through  sand  at  a  rapid  rate.  This  method  is  substantially  that  proposed 
by  Mr.  Desmond  FitzGerald  in  his  report  to  your  board.  Forced  aeration 
by  filtering  through  sand  with  a  current  of  air  was  found  in  almost  all  cases 
to  hasten  the  oxidation  and  separation  of  the  iron  oxide. 
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But  in  one  case  at  least,  when  the  iron  was  only  0.14  parts  per  100,000, 
oration  in  this  way  had  but  little  effect  on  the  iron.  The  failure  to  remove 
le  iron  in  this  case  seemed  to  be  connected  with  a  considerable  amount  of 
rganic  matter  in  the  water,  which  prevented  the  precipitation  of  the  iron 
fter  oxidation. 

Again,  the  difficulty  in  removing  the  iron  appears  to  increase  rapidly  with 
te  amount  of  iron  in  the  water,  and  when  large  amounts  are  present,  say 
x>m  1  to  2  parts  per  100,000,  which  has  been  frequently  the  case  the  past 
inter,  the  means  found  adequate  to  remove  the  iron  when  present  in  small 
nounts  are  unavailing.  Exposure  to  the  air  for  two  days  had  practically 
3  effect  on  the  iron  contents  of  water  of  this  character,  and  even  after 
lorough  aeration  it  separated  out  only  in  part,  leaving  most  of  the  iron 
ill  in  the  water,  upon  which  filtration  had  no  effect. 

During  the  progress  of  this  investigation,  advantage  has  been  taken  of 
le  presence  at  the  Reading  pumping  station  of  a  small  mechanical  filter 
laced  there  and  first  operated  about  the  middle  of  the  summer.  This  filter 
msisted  of  two  upright  cylinders,  one  said  to  contain  30  inches  in  depth 
£  sand,  and  the  other  30  inches  of  bone-char,  each  having  an  area  of 
sout  one  square  foot.  Later  in  the  season  the  number  of  cylinders  was 
>ubled. 

Experiments  with  this  filter  showed  that  with  iron  not  exceeding  0.1  of 
part  per  100,000,  rapid  filtration  alone  without  exposure  to  air  was  capa- 
le  of  removing  practically  all  of  the  iron  in  the  water,  but  when  the  water 
mtained  larger  amounts  of  iron  the  action  of  the  filter  was  uncertain. 
nth  very  high  iron,  say  1  part  per  100,000,  the  filter  had  no  effect  what- 
rer  on  the  amount  of  iron.  No  special  advantage  was  found  in  the  use  of 
one-char  in  these  experiments,  and  it  is,  therefore,  probable  that  any  sand 
Iter  capable  of  being  readily  and  thoroughly  cleaned  would  do  equally  good 
ork. 

Any  treatment  by  filtration  which  will  remove  the  iron  will  be  very  likely 
Lso  to  remove  the  objectionable  odor  and  appearance  of  the  water. 

When  the  amount  of  iron  in  the  water  was  very  high,  experiments  were 
tade  to  learn  whether  it  could  be  removed  by  chemical  means,  a  cheap 
>nn  of  which  would  be  filtration  through  carbonate  of  lime  (in  the  form  of 
larble  chips)  •  The  experiments  in  this  line  have  indicated  that  the  iron 
in  be  completely  removed  by  filtration  through  carbonate  of  lime,  but  that 
i  this  process  the  water  takes  up  lime  in  large  amount,  and  is  made  very 
ird.  A  combined  process  of  aeration  and  filtration  through  sand  and  with 
ibsequent  filtration  through  carbonate  of  lime  leaves  the  water  much  less 
ird  than  when  it  is  put  directly  upon  a  filter  containing  marble ;  and  the 
»ults  indicate  that  the  hardness  of  the  water  after  treatment  in  this  way 
ould  be  at  least  16  to  18  parts  per  100,000,  while  the  hardness  of  the 
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water  after  filtration  through  carbonate  of  lime,  without  previous  aeration 
and  filtration  through  sand,  is  likely  to  be  at  least  25  parts  per  100,000. 

While  the  hardness  of  the  water,  if  treated  chemically,  by  filtration  through 
carbonate  of  lime  as  suggested,  would  be  very  little  or  no  greater  than  that 
of  waters  supplied  to  some  of  the  towns  in  the  vicinity  of  Boston,  the 
Board  does  not  recommend  the  use  of  so  hard  a  water  for  a  permanent  sup- 
ply. 

Since  the  higher  amounts  of  iron  and  organic  matter  are  found  when  the 
meadow  is  flooded,  it  would  seem  that  the  quality  of  water  in  these  respects 
might  be  greatly  improved  and  the  water  rendered  more  susceptible  of 
further  improvement  by  filtration  or  other  treatment,  if  this  flooding  were 
prevented. 

The  artificial  flooding  could  be  prevented  by  keeping  the  gates  at  the 
dam  open,  but  this  might  not  prevent  the  flooding  of  the  meadow  during 
periods  of  very  high  flow  in  the  stream ;  but  this  flooding  would  be  of  short 
duration,  and  would  not  affect  the  quality  of  the  water  nearly  as  much  as 
the  present  flooding,  which  lasts  for  many  months.  The  flooding  could  be 
wholly  prevented  by  building  dikes. 

Examinations  of  the  ground  in  the  vicinity  of  the  Ipswich  River,  between 
one  and  two  miles  above  your  present  works,  by  means  of  test  wells  driven 
by  your  Board,  were  favorable  in  respect  to  quantity ;  but  the  water  of  the 
wells  was  found  on  analysis  to  contain  so  much  iron  that  its  quality  would  be 
likely  to  be  unfavorably  affected  from  this  cause,  if  a  supply  should  be  taken 
from  the  ground  in  this  locality.  A  similar  examination  in  the  water-shed 
of  Lake  Quannapowitt,  south-east  of  the  village  &nd  near  the  Wakefield 
boundary,  gave  similar  unfavorable  indications  as  to  the  quality  of  the 
ground  water  to  be  obtained  in  that  region. 

A  sample  of  water  collected  from  a  tubular  well  located  in  the  area  known 
as  the  Bancroft  meadow  was  found  on  analysis  to  be  of  excellent  quality ; 
but  the  area  from  which  water  drains  toward  this  meadow  is  so  small  that 
it  is  improbable  that  any  large  supply  of  water  could  be  drawn  continuously 
from  this  source. 

Other  territory  within  the  limits  of  the  town  was  examined,  but  at  no  place 
were  the  surface  indications  sufficiently  favorable  to  afford  a  reasonable  ex- 
pectation that  a  supply  of  water  of  satisfactory  quality  and  in  sufficient 
quantity  for  the  supply  of  Reading  could  be  obtained. 

The  right  to  a  supply  from  Martin's  Pond  has  already  been  granted  to 
the  city  of  Maiden,  and  the  Board  has  already  stated,  in  a  reply  to  that 
city  (annual  report  for  1892,  page  28),  that  it  does  not  consider  it  feasible 
to  obtain  a  satisfactory  supply  directly  from  this  pond.  Investigations 
made  recently  by  that  city  with  a  view  to  taking  a  supply  from  the  ground 
in  the  vicinity  of  this  pond  have  been  unfavorable,  and  at  the  present  time 
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it  does  not  seem  probable  that  Maiden  will  build  works  for  taking  its 
supply  from  this  source. 

A  supply  from  the  head- waters  of  the  Mystic  River  would  have  to  be 
taken  above  the  chemical  works  near  South  Wilmington,  in  order  to  avoid 
danger  of  pollution  from  those  works.  The  water-shed  here  is  too  small  to 
furnish  a  sufficient  supply  without  storage,  and  there  appears  to  be  no 
good  site  for  a  storage  reservoir  of  sufficient  size ;  moreover,  this  territory 
is  within  the  Mystic  water-shed,  which  is  inadequate  for  the  supply  of  the 
cities  now  supplied  from  it. 

No  investigations  of  the  ground  at  this  place  have  been  made,  but, 
owing  to  the  small  size  of  the  water-shed,  the  conditions  beneath  the 
surface  would  need  to  be  exceptionally  favorable  to  obtain  any  considerable 
amount  of  ground  water  from  this  source. 

Silver  Lake,  in  Wilmington,  has  an  area  of  about  32  acres  and  a  very 
small  superficial  water-shed.  It  may,  however,  yield  more  water  than  is 
indicated  by  the  size  of  its  water-shed,  because  it  is  surrounded  by  exten- 
sive areas  of  sandy  soil. 

Judging  from  the  surface  indications  and  from  the  character  of  the 
.^^terial  obtained  from  two  test  wells  driven  in  the  vicinity,  it  is  not  im- 
>bable  that  investigations  would  show  that  enough  good  water  might  be 
.ained  from  the  lake  or  from  the  ground  in  the  vicinity  of  the  lake  or  of 
bber  Brook,  which  flows  very  near  it,  to  supply  Reading  and  Wilming- 
i ;  but  the  amount  and  quality  of  the  water  can  only  be  determined  with 
tainty  after  the  ground  has  been  thoroughly  tested  and  samples  of  the 
ter  examined. 

A.s  you  are  aware,  the  State  Board  of  Health  has  recently  submitted  to 
Legislature  a  report  upon  a  general  system  of  water  supply  for  the 
Topolitan  district  about  Boston ;  and,  while  Reading  is  situated  outside 
the  ten-mile  limit  referred  to  in  the  act  under  which  this  report  was 
le,  there  seems  to  be  no  reason  why  it  may  not  be  included  among  the 
ces  to  which  this  supply  is  to  be  furnished. 

So  data  are  at  hand  upon  which  to  base  a  definite  estimate  of  the  proba- 
cost  of  works  for  the  supply  of  Reading  from  Silver  Lake ;  but  the 
rly  cost  of  obtaining  a  supply  from  this  source  would  probably  exceed 
siderably  the  cost  of  a  supply  as  a  part  of  the  metropolitan  water 
rict. 

Vith  its  present  information,  the  Board  advises  the  town  of  Reading  to 
!  measures  to  obtain  its  future  supply  as  a  part  of  the  metropolitan 
it  district,  and  to  abandon  its  present  source  when  the  new  supply 
>mes  available.  In  the  mean  time,  provision  should  be  made  to  im- 
re  the  present  supply  by  preventing  the  flooding  of  the  meadow  over  the 
r-gallery,  and  it  may  be  advisable  to  adopt,  temporarily,  some  system 
filtering  the  water  rapidly  through  sand. 
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Rutland.  The  committee  on  water  supply  of  the  town  of  Rut- 
land  applied  to  the  Board  Dec.  24,  1894,  for  its  advice  relative  to 
taking  the  water  of  Lake  Muschopauge  in  that  town  as  a  source  of 
water  supply  for  the  town.  The  Board  replied  to  this  application 
as  follows :  — 

Boston,  Feb.  23,  1896. 

The  examinations  made  by  the  Board  lead  it  to  conclude  that  this  pond 
will  furnish  a  sufficient  quantity  of  water  of  suitable  quality  for  all  the 
purposes  of  a  public  water  supply,  and  that  it  is,  therefore,  an  appropriate 
source  of  supply  for  the  town. 

Sheffield.  H.  S.  Andrews  and  others  of  Sheffield  applied  to 
the  Board  Nov.  20,  1894,  for  its  advice  relative  to  taking  the  water 
of  certain  springs  in  that  town,  about  two  and  one-half  miles  north- 
east of  the  village,  as  a  public  water  supply  for  Sheffield.  The 
Board  replied  as  follows  :  — 

Boston,  Feb.  23,  1895. 

It  is  understood  that  it  is  proposed  to  intercept  the  flow  from  springs, 
and  to  store  the  water  in  small  reservoirs  from  which  it  will  flow  by  gravity 
to  the  portions  of  the  town  to  be  supplied. 

The  samples  of  water  collected  from  the  springs  early  in  January,  1895, 
have  been  found  by  analysis  to  be  very  soft,  and  of  excellent  quality  for 
the  purposes  of  a  public  water  supply.  If  exposed  to  the  light  in  open 
reservoirs  the  water  is  likely  to  be  less  satisfactory  to  the  taste  than  if 
conveyed  directly  from  the  springs  to  the  consumer,  or  stored  in  reservoirs 
from  which  the  light  is  excluded. 

With  regard  to  the  quantity  of  water,  it  is  not  feasible  to  tell  with  cer- 
tainty from  the  present  information  whether  or  not  a  sufficient  supply  can 
be  obtained  from  the  springs,  but  the  prospects  are  favorable ;  and,  if  the 
supply  should  prove  insufficient  during  a  portion  of  the  year,  it  appears 
probable  that  it  might  be  supplemented  from  a  small  brook  which  flows 
near  the  springs,  by  constructing  a  storage  reservoir  upon  it  above  them. 

The  Board  regards  this  source  as  an  appropriate  one  from  which  to  take 
a  supply  of  water  for  the  town. 

Shirley.  An  application  was  received  Nov.  5,  1895,  from  the 
selectmen  and  committee  on  water  supply  of  the  town  of  Shirley, 
for  the  advice  of  the  Board  relative  to  taking  water  from  Leather- 
board  Pond  in  that  town  as  a  public  water  supply.  The  Board 
replied  to  this  application  as  follows  :  — 
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Boston,  Dec.  5,  1895. 

rhe  quantity  of  water  which  the  proposed  source  is  capable  of  furnish- 
;  is  ample  for  the  use  of  the  inhabitants  of  the  town  of  Shirley.     With 
jard  to  quality,  however,  the  water  of  this  source  would  be  very  unsatis- 
;tory,  owing  to  its  high  color  and  unpleasant  odor,  as  indicated  by  a 
nple  collected  Nov.  13,  1895,  due  to  its  contact  with  vegetable  matter 
the  large  swampy  area  within  the  water-shed  of  Bow  Brook  above  the 
int  where  it  enters  the  pond.    The  character  of  the  pond  itself,  moreover, 
aot  such  as  to  influence  favorably  the  quality  of  the  water,  as  it  is  very 
dlow,  and  the  bottom  appears  to  be  covered  in  places  with  mud  and 
getable  matter.     The  quality  of  the  water  may  also  be  greatly  influenced 
times  by  the  condition  of  the  water  in  Fort  Pond,  situated  near  the  upper 
1  of  the  water-shed  of  the  brook.     This  pond  is  used  as  a  storage  res- 
'oir,  and  its  water  is  drawn  off  during  the  drier  portion  of  the  year 
ough  Leatherboard  Pond,  to  assist  in  maintaining  the  flow  of  the  stream 
ow.     A  sample  of  water,  collected  from  Fort  Pond  November  13,  con- 
tied  a  very  large  number  of  organisms,  mostly  of  a  kind  which  is  liable 
produce  offensive  tastes  and  odors,  and  this  water  in  its  present  condi- 
l  would  be  very  unsatisfactory  for  domestic  purposes.    It  is  not  feasible 
tell  whether  the  water  at  the  present  time  is  better  or  worse  than  at  other 
sons  of  the  year,  but  it  may  be  said  that  as  a  rule  the  quality  of  the 
&r  of  ponds  is  worse  in  summer. 

n  view  of  the  poor  quality  of  the  water  of  Leatherboard  Pond  and  the 
avorable  character  of   its  water-shed,  the  Board  does  not  advise  its 
ption  as  a  source  of  water  supply  for  the  town  of  Shirley. 
Tliile  the  Board  is  not  fully  informed  as  to  the  feasibility  of  obtaining  a 
^factory   supply  from   some  other  surface  source  in   the  vicinity  of 
ley  Village,  it  seems  probable,  with  present  information,  that  a  ground- 
Mr  supply  of  good  quality,  if  such  a  one  can  be  obtained,  would  be  more 
(factory  for  the  town  than  any  surface-water  source  in  the  vicinity ;  and 
Board  advises  that  it  is  desirable  in  making  further  investigations  for  a 
>r  supply,  to  determine  the  feasibility  of  obtaining  a  satisfactory  supply 
is  way,  but  cannot  with  present  information  advise  definitely  as  to  the 
place  for  making  investigations. 

le  Board  will,  upon  application,  advise  you  further  in  this  matter  when 
tiave  the  results  of  further  investigations  to  present. 

rouGHTON.  An  application  was  received  from  the  Stoughton 
er  Board  Jan.  16,  1895,  for  the  advice  of  the  Board  relative  to 
►ducing  a  supplementary  supply  of  water,  in  accordance  with 
tods  and  plans  presented  by  their  engineer.  To  this  application 
3oard  replied  as  follows :  — 
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Boston,  April  4, 1895. 

One  of  these  plans  provides  for  collecting  the  water  of  the  springs  which 
outflow  at  the  edge  of  the  low  land  surrounding  Muddy  Pond,  and  is,  m  its 
general  features,  the  plan  recommended  by  the  State  Board  of  Health  in 
its  communication  to  you  dated  Oct.  13,  1893,  a  copy  of  which  is  enclosed 
herewith.  The  other  plan  provides  for  taking  water  from  a  well  located 
about  1,150  feet  above  the  present  pumping  station,  on  a  point  of  land  at 
the  junction  of  Muddy  Brook  and  the  brook  flowing  from  Stoughton  village. 

In  choosing  between  these  two  plans,  the  most  important  features  are, 
obviously,  the  quantity  and  quality  of  water  which  they  will  furnish. 

With  regard  to  the  quantity  of  water  which  the  first  plan  will  furnish,  it 
may  be  said  that  the  communication  above  referred  to  stated  that  the  total 
flow  of  the  springs,  as  represented  by  the  outflow  from  Muddy  Pond  on 
April  26,  1892,  was  1,410,000  gallons  per  day,  and  on  Sept.  11,  1893, 
fully  1,000,000  gallons  per  day.  Measurements  made  under  the  direction 
of  your  engineer  from  Sept.  24  to  Oct.  4,  1894,  show  that  the  flow  ranged 
from  435,000  to  about  900,000  gallons  per  day.  A  measurement  made  on 
March  15, 1895,  showed  that  the  amount  was  upwards  of  1,500,000  gallons 
per  day.  The  lowest  of  the  above  quantities  is  considerably  more  than 
enough  for  the  present  population  of  the  town,  with  any  ordinary  rate  of 
consumption  of  water  per  inhabitant ;  but  it  is  enough  smaller  than  the 
other  measurements  to  indicate  the  possibility,  under  extreme  conditions, 
of  an  insufficient  flow  from  the  springs,  making  it  necessary  to  have  re- 
course to  some  surface-water  or  other  supplementary  source  at  such  time. 
Of  the  excellence  of  the  water  to  be  obtained  from  this  source  there  is  no 
doubt,  provided  it  is  intercepted,  as  advised  in  the  last  communication, 
before  the  water  has  been  exposed  to  the  light  or  come  in  contact  with  the 
vegetable  matter  in  the  swamp  surrounding  the  pond. 

The  tests  made  near  the  site  of  the  well  proposed  by  the  second  plan 
show  that  there  is  a  thick  layer  of  porous  gravel  underlying  the  fine  sand 
found  for  a  considerable  distance  down  from  the  surface,  and  from  the 
gravel  water  can  be  pumped  very  freely.  Judging  from  the  freedom  with 
which  the  water  can  be  pumped  from  several  of  the  test  wells,  there  seems  to 
be  no  doubt  that  when  the  ground  is  full  of  water  a  well  or  wells  at  this  place 
will  furnish  it  at  a  rate  sufficient  for  the  supply  of  the  town,  and  the  ques- 
tion of  a  supply  from  this  source  depends  mainly  upon  whether  there  will 
be  a  gradual  lowering  of  the  water  in  the  ground  during  dry  seasons,  with 
a  corresponding  diminution  in  the  amount  of  water  which  can  be  pumped 
from  the  well. 

From  all  the  information  now  available,  it  seems  probable  that  the 
springs  at  Muddy  Pond  will  furnish  more  water  both  in  wet  and  in  dry 
seasons  than  the  proposed  well. 
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mple  of  water  collected  from  one  of  the  test  wells  near  the  site  of 
posed  well  was  analyzed  and  found  to  be  of  excellent  quality,  but 
mple  does  not  necessarily  indicate  the  quality  of  the  water  to  be 
d  by  continuous  pumping  from  the  well.  It  does  not  seem  at  all 
e  that  the  well  will  furnish  a  sufficient  quantity  for  the  supply  of  the 
inless  the  water  in  it  is  drawn  below  the  level  of  the  adjacent  mill- 
ind  a  considerable  amount  of  water  filters  from  this  millpond  and 
iiers  further  up  the  stream  coming  from  the  village  to  maintain  the 
ion  of  the  ground  about  the  well.  The  water  filtering  in  this  manner 
>e  thoroughly  purified  by  its  passage  through  the  ground  to.  the  well ; 
9  is  somewhat  uncertain,  and  the  filtration  would  not  soften  the 
>f  this  stream,  which  is  hard,  owing  to  its  pollution.  For  both  of 
easons  the  water  to  be  obtained  from  the  well  must  be  regarded  as 
•  in  quality  to  the  unpolluted  spring  water. 

le  plan  for  taking  water  from  the  springs  were  to  be  adopted,  it  would 
sable,  unless  an  abundant  supply  of  water  was  developed  by  extend- 
)  pipe  to  the  point  indicated  by  your  engineer,  to  extend  it  still 
,  so  as  to  intercept  the  springs  entering  the  pond  from  the  easterly 
nd  throughout  the  territory  where  the  springs  outflow  it  is  desirable 
5  line  of  the  pipe  should  be  moved  in  toward  the  foot  of  the  high 
by  so  doing  quicksand  and  mud  can  be  avoided,  and  the  trench 
in*  a  more  porous,  gravelly  material.  It  would  also  be  advisable, 
jested  in  the  last  communication,  to  lay  smaller  branch  pipes  to 
3t  the  spring  water  at  the  places  where  it  outflows  in  the  greatest 

y- 

idition  to  the  proposed  well,  the  plan  recommended  by  your  engineer 
js  for  the  construction  of  a  small  reservoir  just  above  the  Southworth 
low  owned  by  the  town,  on  Muddy  Brook,  which  would  have  some 
particularly  when  first  constructed,  upon  the  amount  of  water  to  be 
d  from  the  proposed  well,  and  the  reservoir  is  also  intended  as  a 
nentary  source  from  which  to  take  water  directly  if  the  supply  from 
1  should  prove  insufficient.  If  the  supply  were  to  be  taken  from  the 
,  the  pipe  leading  from  them  would  pass  near  and  below  the  level  of 
Pond,  from  which  water  might  be  taken  in  a  very  dry  time  if  the 
from  the  springs  should  prove  insufficient ;  or,  if  it  should  be  deemed 
try  to  have  a  large  quantity  of  water  in  reserve  near  the  pumping 
,  such  a  reserve  could  be  provided  in  connection  with  the  plan  for 
water  from  the  springs  as  well  as  in  connection  with  the  other  plan, 
jrence  is  also  made  in  the  report  of  your  engineer  to  the  expediency 
lg  a  supplementary  or  an  independent  supply  of  water  from  Knowles 
Owing  to  the  fact  that  your  pumping  station  is  located  in  the 
of  Muddy  Brook,  and  the  probability  that  a  larger  supplementary 
of  excellent  water  can  be  obtained  from  the  valley  of  this  brook 
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than  from  Knowles  Brook,  it  seems  clearly  undesirable  at  the  present  time 
to  take  the  additional  supply  from  the  latter  source. 

Walpole.  The  water  commissioners  of  Walpole  applied  to  the 
Board  March  29,  1895,  for  its  advice  relative  to  the  introduction  of 
a  public  water  supply  from  the  ground  in  the  valley  of  Low  Brook, 
about  one-half  mile  above  its  junction  with  the  Neponset  River. 
The  Board  replied  as  follows  :  — 

Boston,  Jane  7,  1895. 

The  subject  of  a  water  supply  for  Walpole  was  brought  to  the  attention 
of  this  Board  by  an  application  of  the  committee  on  water  supply  of  the 
town  in  1893,  and  the  Board  on  June  5  of  that  year  made  the  following 
reply :  — 

"  The  investigations  made  near  the  Neponset  River,  not  very  far  above 
the  Blackburn  water  privilege  and  just  below  Low  Brook,  showed  very 
satisfactory  results  as  regards  the  porosity  of  the  material,  the  freedom 
with  which  water  could  be  pumped  from  the  test  wells  and  the  quality  of 
the  water.  Taking  these  results  in  connection  with  an  examination  of  the 
surrounding  territory  and  the  size  of  the  streams,  the  Board  finds  no  reason 
to  doubt  that  an  ample  supply  of  excellent  water  can  be  obtained  from  a 
well  or  wells  located  in  the  porous  material  in  this  vicinity." 

Judging  from  the  tests  which  you  have  made  by  driving  wells  and  pump- 
ing from  them  at  the  source  now  proposed  in  the  valley  of  Low  Brook,  the 
results  at  this  place  are  also  very  satisfactory  as  regards  the  porosity  of 
the  material  and  the  freedom  with  which  water  could  be  pumped  from  test 
wells,  and  analyses  show  that  the  water  is  of  excellent  quality.  The  water- 
shed and  streams  which  must  be  depended  upon  for  maintaining  the  satura- 
tion of  the  ground  at  the  new  location  are  much  smaller  than  at  the  former 
one  near  the  Neponset  River,  and,  judging  from  all  of  the  information  at 
present  available,  the  source  near  the  Neponset  River  would  be  likely  to 
furnish  the  larger  quantity  of  water.  It  is  not  improbable,  however,  that 
wells  at  the  new  location  would  supply  the  town  with  all  of  the  water 
required  for  ordinary  water  supply  purposes  for  several  years ;  but  if,  as 
has  been  suggested,  large  quantities  of  water  are  to  be  supplied  for  manu- 
facturing purposes,  the  source  now  proposed  would  probably  prove  inade- 
quate. 

There  is  uncertainty,  in  nearly  all  cases  where  water  is  to  be  taken  from 
a  ground-water  source,  as  to  just  how  much  water  the  source  will  furnish 
at  the  end  of  a  long-continued  drought ;  and,  as  it  is  very  desirable  that 
you  should  obtain  as  large  a  quantity  of  ground  water  as  possible,  the 
Board  advises  you,  before  finally  locating  your  wells  and  pumping  station, 
to  make  further  investigations,  with  the  aid  of  an  engineer  skilled  in  the 
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ction  of  ground-water  supplies,  having  in  view  the  location  of  the  works 
be  place  where  the  largest  quantity  of  water  of  satisfactory  quality  can 
obtained,  either  from  the  original  works  or  from  extensions  to  be  made 
sequeutly. 

Vexham.  An  application  was  received  from  the  selectmen  of 
nham,  Feb.  18,  1895,  for  the  advice  of  the  Board  relative  to 
ing  the  water  of  Pleasant  Pond  in  that  town  as  a  source  of  public 
er  supply.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  March  25,  1895. 

he  Board  has  caused  an  examination  of  this  source  and  an  analysis  of 
imple  of  water  collected  from  the  pond  near  its  outlet  to  be  made. 
3  pond  will  furnish  an  abundant  supply  of  water  for  your  town,  and  the 
jr  is  of  fair  quality,  but  not  as  good  as  it  is  desirable  to  introduce  into 
town  if  a  better  water  can  be  obtained. 

he  unsatisfactory  character  of  the  water  is  due  to  the  surface  drainage 
q  the  streets  in  a  portion  of  the  village,  the  drainage  from  a  small 
mp  south  of  the  main  street  and  much  larger  swampy  areas  south  of 
pond,  and  the  percolation  of  polluted  waste  water  from  a  portion  of 
village  through  the  ground  into  the  pond  or  its  feeders. 
was  suggested  by  one  of  your  board  that  most  of  the  street  wash 
-e  referred  to,  and  the  drainage  from  the  small  swamp  south  of  the 
i  street,  might  be  diverted  from  the  pond  and  made  to  flow  in  a  south- 
direction  to  Miles  River ;  and  this  would  have  a  tendency  to  improve 
[uality  of  the  pond  water,  but  it  would  not  be  likely  to  make  enough 
ge  in  the  quality  to  make  the  water  wholly  satisfactory. 
a  public  water  supply  were  introduced  from  any  source,  without  at 
ame  time  providing  a  system  of  sewers,  there  would  be  more  polluted 
5  water  turned  into  the  ground  than  at  present,  and  more  would  find 
ay  by  percolation  or  otherwise  into  Pleasant  Pond.     These  waters, 
if  thoroughly  purified  by  percolation  through  the  ground  so  that  they 
I  not  be  dangerous  to  health,  contain  soluble  matters  which  would 
>te  the  growth  of  the  minute  organisms  which  frequently  give  waters 
I  in  ponds  and  reservoirs  a  disagreeable  taste  and  odor, 
s  possible  that  investigations  may  show  that  a  water  which  is  entirely 
ictory  in  quality  can  be  obtained  from  the  ground  near  the  pond,  or 
lome  other  ground-water  source  within  the  limits  of  the  town.     The 
also  calls  attention  to  the  fact  that  the  pumping  stations  of  the  water 
of  Beverly  and  Salem  are  but  little  more  than  a  mile  and  a  half  from 
ltre  of  Wenham  village ;  and  if  arrangements  could  be  made  whereby 
nties  or  either  of  them  would  furnish  water  at  a  small  advance  upon 
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its  cost,  the  water  would  probably  cost  the  town  of  Wenham  much  less 
than  if  obtained  by  the  construction  of  independent  works. 

The  Board  will  advise  you  further  in  this  matter,  if  you  so  desire,  when 
you  have  further  information  to  present  for  its  consideration. 

TVestfield.  The  committee  on  additional  water  supply  of  the 
town  of  Westfield  applied  to  the  Board  Jan.  28,  1895,  for  the 
advice  of  the  Board  relative  to  the  taking  of  Munu  Brook  in 
Granville  at  a  point  near  its  junction  with  Tillotson's  Brook,  as 
an  additional  source  of  water  supply  for  Westfield.  The  Board 
replied  to  this  application  as  follows  :  — 

Boston,  Feb.  6,  1895. 

The  water  commissioners  of  the  city  of  Holyoke  applied  to  this  Board 
on  June  13,  1893,  and  again  on  Jan.  18,  1894,  for  its  advice  relative  to 
taking  an  additional  water  supply  from  this  source,  and  the  replies  of  the 
Board  to  these  applications  are  transmitted  herewith.  You  will  find  in 
them  the  opinion  of  the  Board  with  regard  to  the  quality  of  the  water  so 
far  as  it  has  information  up  to  the  present  time. 

The  city  of  Holyoke  is  in  urgent  need  of  an  additional  water  supply, 
and  the  Board  has  in  one  of  the  replies  expressed  the  opinion,  which  it 
still  holds,  that  Munn  Brook  is  the  most  appropriate  source  from  which 
to  take  an  additional  water  supply  for  the  city  of  Holyoke ;  but  the  Board 
also  believes  that  the  brook  is  an  appropriate  source  of  additional  supply 
for  the  town  of  Westfield,  provided  it  is  taken  jointly  by  the  two  com- 
munities. The  construction  of  works  for  the  joint  supply  of  the  two 
communities  would  materially  lessen  the  cost  to  each,  if  arrangements 
were  made  for  an  equitable  division  of  their  cost;  and,  although  the 
capacity  of  the  source  would  be  reached  sooner  if  it  were  used  by  the  two 
communities  than  by  either  one,  it  will  continue,  with  proper  development 
by  the  construction  of  storage  reservoirs,  to  supply  both  for  a  considerable 
time,  and  the  supply  can  be  supplemented  from  the  Westfield  Little  River 
in  the  future  if  the  supply  from  Munn  Brook  should  prove  insufficient. 

The  Board,  therefore,  advises  you  to  consider  the  question  of  obtain- 
ing an  additional  supply  from  this  source  in  connection  with  the  city  of 
Holyoke. 

Westox.  Charles  II.  Fiske  and  others,  petitioners  for  incorpora- 
tion as  the  Weston  Water  and  Electric  Company,  applied  to  the 
Board  April  30,  1895,  for  its  advice  relative  to  taking  a  water  sup- 
ply for  the  town  of  Weston  from  springs  in  the  neighborhood  of 
Central  Avenue  in  that  town.  The  Board  replied  to  this  applica- 
tion as  follows  :  — 
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Boston,  Aug.  2,  1895* 

The  analysis  of  water  from  the  test  wells  nearest  Central  Avenue  showed 
it  it  had  at  some  time  been  polluted  and  subsequently  well  purified  by  its 
»sage  through  the  ground,  while  the  analysis  of  the  water  of  one  of  the 
lis  on  the  farther  side  of  the  meadow  from  Central  Avenue  showed  only 
light  trace  of  previous  pollution  and  a  very  thorough  purification  of  the 
ter  by  its  passage  through  the  ground.  This  water,  as  it  came  from  the 
>und,  except  for  a  slight  turbidity  which  would  disappear  after  the  wells 
re  in  constant  use,  was  of  excellent  quality  for  all  the  purposes  of  a  public 
ter  supply ;  but  it  is  not  improbable  that  the  continuous  draught  of  water 
>m  the  ground  at  this  place  would  cause  the  water  which  stands  upon  the 
tadow  to  filter  downward,  thereby  making  the  water  less  attractive  and 
Latable,  and  causing  it  to  take  up  enough  iron  to  render  it  unsuitable  for 
indry  purposes. 

The  Board,  therefore,  advises  you,  before  putting  in  works  in  this 
:inity,  to  make  further  tests  by  driving  wells  in  the  low,  sandy  land  lying 
tween  the  meadow  and  the  railroad ;  and,  if  these  tests  should  show  the 
istence  of  pervious  material  from  which  water  of  good  quality  can  be 
mped  freely  to  a  depth  of  25  feet  or  more  below  the  level  of  the 
*adow,  it  would  then  be  advisable  to  locate  the  wells  in  the  hard  ground 
far  from  the  meadow  as  possible,  as  the  water  obtained  in  this  way 
>uld  be  much  less  likely  to  deteriorate  than  if  the  wells  were  sunk  in  the 
turated  meadow. 

The  Board  will  advise  you  further  in  this  matter,  if  you  so  request,  after 
*  additional  tests  have  been  made. 

Williamstown.  The  Williamstown  Water  Company  applied  to 
3  Board  Sept.  16,  1895,  for  its  advice  relative  to  taking  Flora 
en  Brook  as  an  additional  source  of  water  supply  for  that  town* 
e  Board  replied  to  this  application  as  follows  :  — 

Boston,  Oct.  23, 1895. 

die  Board  has  caused  the  proposed  source  of  supply  to  be  examined  by 
of  its  engineers,  and  a  sample  of  the  water  to  be  analyzed.  The 
lysis  indicates  that  the  quality  of  the  water  is  excellent,  and  its  hard- 
3  much  less  than  that  of  the  water  of  Sherman  Spring  and  only  about 
-third  of  that  of  the  water  of  Cold  Spring,  your  present  sources  of 
ply.  With  the  amount  of  storage  proposed,  a  large  addition  to  your 
tent  supply  can  be  obtained  from  this  brook,  and,  with  properly  pre- 
id  reservoirs,  the  quality  of  this  water  is  likely  to  be  more  satisfac- 
'  to  consumers  than  the  water  of  either  of  the  two  springs  now  used  as 
•ces  of  supply,  on  account  of  its  comparative  softness. 
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It  is  improbable  that  your  present  and  proposed  works  together  will 
furnish  as  much  water  as  ought  to  be  provided  for  a  growing  town  like 
Williamstown ;  and  the  development  of  small  sources,  that  are  likely  to 
prove  inadequate  in  a  very  few  years  if  the  town  continues  to  grow,  or  if  there 
should  be  a  large  increase  in  the  use  of  water,  is  not  in  the  interest  of  true 
economy.  The  Board  would,  therefore,  advise  that,  before  making  further 
additions  to  the  works,  you  have  a  thorough  investigation  made,  with  a 
view  to  determining  the  best  source  for  the  permanent  supply  of  the  town. 

Wixchendon.  The  committee  on  water  supply  of  Win<3hendon 
applied  to  the  Board  Jan.  31,  1895,  for  further  advice  in  regard  to 
the  Prentiss  meadow  in  that  town  as  a  source  of  water  supply  for 
the  town.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  May  15,  1895. 

The  State  Board  of  Health  received  from  you  an  application  dated  Jan. 
31,  1895,  for  further  advice  with  regard  to  the  Prentiss  meadow  as  a  source 
of  water  supply  for  your  town,  and  with  this  application  you  have  submit- 
ted a  report  of  your  engineer,  giving  the  results  of  certain  pumping  tests 
and  investigations  which  have  been  made  in  order  to  determine  the  capacity 
of  this  source. 

The  water  supply  of  Winchendon  has  been  the  subject  of  careful  con- 
sideration by  this  Board  on  several  occasions,  and  your  attention  is  again 
called  to  the  replies  made  by  the  Board  to  your  committee  on  February  17, 
April  6,  August  3  and  September  10  of  last  year,  for  a  general  considera- 
tion of  the  subject  of  the  water  supply  for  your  town  and  an  extended 
consideration  of  the  Prentiss  meadow  source,  concerning  which  you  now 
ask  further  advice.    ' 

Before  referring  to  the  reconsideration  of  the  subject  with  the  aid  of  the 
new  information  furnished,  it  may  be  well  to  state  that  the  reply  of  the 
Board,  dated  Sept.  10,  1894,  after  referring  to  a  method  of  estimating  the 
quantity  of  water  to  be  obtained  from  a  ground  water  source,  stated : 
"  Upon  this  basis  the  engineers  of  the  Board  have  estimated  that  a  well  or 
wells  in  the  Prentiss  meadows  would  yield  during  the  driest  four  months  of 
a  dry  year  about  130,000  gallons  per  day."  Again,  after  calling  attention 
to  the  fact  that  the  capacity  of  a  ground-water  supply  cannot  be  determined 
with  nearly  as  much  accuracy  as  of  a  surface-water  supply,  the  further 
statement  was  made:  "While,  therefore,  the  Board  estimates  that  the 
quantity  of  water  to  be  obtained  from  a  well  or  group  of  wells  in  the 
Prentiss  meadow  would  be  from  100,000  to  200,000  gallons  per  day,  it 
cannot  be  at  all  definitely  stated  that  the  quantity  may  not  be  even  more  or 
less  than  these  figures." 

From  the  information  contained  in  Mr.  Fuller's  report  and    additional 
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>n  furnished  directly  by  him,  it  is  learned  that  one  test  was  made 
*g  day  and  night  for  thirty-seven  days,  from  a  well  about  20  feet 
about  8  or  9  feet  in  diameter  at  the  bottom.  This  test  began  on 
id  ended  on  Oct.  10,  1894.  During  rather  more  than  the  first 
he  test  no  measurements  of  the  quantity  of  water  pumped  are 
t  it  is  stated  that  the  flow  was  probably  somewhat  more  than  dur- 
st fourteen  days  when  the  measurements  were  taken.  The  water 
1  was  kept  pumped  down  to  within  one  foot  and  nine  inches  of 
in  of  the  well,  so  that  the  quantity  pumped  represented  substan- 
>f  the  water  which  the  well  would  furnish.  The  average  quantity 
umped  per  day  during  the  last  fourteen  days  was  271,000  gallons, 
was  a  gradual  lowering  of  the  water  in  the  ground  in  the  vicinity 
11. 

id  test  was  made  by  pumping  for  seventeen  days,  from  Dec.  19, 
Jan.  4,  1895,  from  ten  driven  wells,  the  nearest  of  which  was 
i  feet  from  the  dug  well,  and  during  the  last  three  and  a  half  days 
st  water  was  also  pumped  from  the  dug  well.  The  amount  of 
aped  from  the  driven  wells  averaged  245,000  gallons  per  day,  but 

a  very  large  reduction  in  the  quantity  pumped  per  day  during  the 
en  days  of  the  test.  The  dug  well  supplied  an  average  of  296,000 
er  day  during  three  and  a  half  days,  but  even  in  this  short  time 

a  noticeable  reduction  in  the  amount  of  water  pumped.  At  the 
a  of  this  test  the  water  in  the  dug  well  rose  to  its  normal  level 
re  slowly  than  after  the  first  one. 

xpreting  the  results  of  these  tests,  it  is  necessary  to  take  into 
tie  rainfall  at  and  before  the  time  when  they  were  made  and  the 

the  year  as  affecting  the  proportion  of  the  rainfall,  which  was 
joak  into  the  ground  and  aid  in  maintaining  the  supply  during  the 

infall  at  Winchendon  during  the  first  test,  as  reported  by  the 
Bureau,  was  8.66  inches,  and  during  the  second  test  1.26  inches. 
all  during  the  last  four  months  of  the  year,  as  compared  with  the 
•ainfall  in  Massachusetts  during  the  same  months  and  with  the 
l  a  very  dry  year,  is  given  in  the  following  table :  — 


Month. 

Rainfall   at   Win- 
chendon, 1894 
(Inches). 

Average  Rainfall 
In  Massachusetts 
(Inches). 

Rainfall    In    a 
Very   Dry  Year 

(Inches). 

rt    •            .            •            •            • 
• 

7.09 
2.63 
2.06 
8.25 

8.31 
8.87 
8.96 
8.57 

1.60 
8.74 
1.78 
2.83 

15.08 

14.71 

9.95 
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The  table  shows  that  the  tests  were  made  during  months  when  the  rain- 
fall was,  on  the  whole,  slightly  above  the  average.  The  season  of  the  year 
also  has  an  important  bearing,  because  during  the  warmer  months  the 
greater  part  of  the  rain  which  falls  goes  off  again  into  the  air  by  evapora- 
tion, while  in  the  cooler  months  of  the  year,  until  the  ground  is  solidly 
frozen,  a  much  larger  proportion  remains  to  soak  into  the  ground.  A 
large  allowance,  therefore,  has  to  be  made,  in  order  to  insure  an  unfailing 
supply,  to  offset  the  diminished  yield  during  seasons  of  lower  rainfall  and 
during  the  warmer  portions  of  the  year  when  more  water  evaporates.  It 
should  also  be  noted  that,  even  during  the  season  of  comparatively  large 
yield  when  the  tests  were  made,  the  water  in  the  ground  continued  to 
lower,  and  with  continuous  pumping  for  a  much  longer  time  it  is  probable 
that  the  wells  would  have  yielded  less  water  than  they  did  during  these 
comparatively  short  tests. 

The  estimates  of  the  capacity  of  a  well  or  wells  at  this  place,  as  formerly 
made  by  the  engineers  of  this  Board,  related  to  the  yield  during  the  driest 
four  months  of  a  dry  year,  and  were  based  in  part  upon  the  exhaustion  by 
long-continued  pumping  of  the  water  stored  in  the  ground  in  the  vicinity  of 
the  wells ;  and,  now  that  the  tests  have  been  made,  we  are  unable  to  conclude 
that  the  quantity  of  water  obtainable  under  these  conditions  would  exceed 
the  amount  originally  estimated,  — an  amount  too  small  to  supply  the  town 
after  water  shall  have  begun  to  be  generally  used. 

Your  engineer  suggests  in  his  report  that  the  ground  surrounding  the 
wells  may  be  kept  saturated  by  introducing  water  from  the  river  by  means 
of  drain  pipes  with  open  joints,  placed  as  much  as  100  feet  from  the  wells. 
The  Board  regards  this  method  of  supplementing  the  supply  as  an  imprac- 
ticable one,  mainly  because  the  matters  strained  out  of  the  river  water  would 
accumulate  where  the  water  passes  from  the  joints  of  the  pipe  into  the 
ground ;  and,  as  they  could  not  be  removed,  the  filter  would  before  long 
become  clogged  and  inoperative. 

The  Board,  in  its  former  investigation  of  this  subject,  considered  various 
methods  of  extending  the  collecting  system  and  maintaining  the  saturation 
of  the  ground  by  water  taken  from  the  river,  and,  after  indicating  methods 
which  might  be  adopted,  made  the  following  statement :  — 

44  Taking  into  account  the  first  cost  of  this  complicated  system  of  works, 
the  yearly  cost  of  operating  them  in  such  a  way  as  to  obtain  a  sufficient 
supply  of  good  water  and  the  uncertainty  as  to  the  results  which  would  be 
obtained,  it  does  not  seem  advisable  to  adopt  this  plan,  when  you  may 
obtain  from  Upper  Naukeag  Pond,  by  a  simple  plan  and  probably  with  a 
much  smaller  annual  cost,  an  ample  supply  of  water  of  good  quality." 

Since  the  Board,  after  a  careful  consideration  of  all  of  the  information 
furnished  by  your  extended  investigations,  does  not  have  occasion  to 
modify  its  former  estimates  as  to  the  probable  capacity  of  a  well  or  wells 
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the  Prentiss  meadow,  or  to  change  its  conclusions  with  regard  to  supple- 
nting  the  supply  to  be  obtained  from  the  ground  at  this  place,  it  has  no 
»sion  to  modify  the  advice  already  given  to  you  with  regard  to  this 
irce  of  water  supply. 

All  of  the  analyses  of  water  from  Upper  Naukeag  Pond  show  it  to  be  of 
;ter  quality  for  water-supply  purposes  than  the  water  usually  obtained 
m  ponds.     Six  years  ago  the  water  had  a  disagreeable  odor,  such  as 

*  been  found  occasionally  in  nearly  all  of  the  surface-water  supplies  of 
i  State,  including  some  of  the  best  ponds ;  but  this  odor,  though  disagree- 
ie,  is  not  known  to  be  injurious  to  health.  No  trace  of  the  odor  has 
m  found  in  the  water  of  Upper  Naukeag  Pond  for  six  years ;  and,  with 
>  results  of  your  investigations  in  view,  the  Board  is  unable  to  advise 
it  there  is  within  your  reach  any  other  source  as  desirable  as  this. 

In  response  to  the  request  contained  in  a  communication  dated  March  6, 

95,  the  Board  sends  herewith  analyses  of  samples  of  water  collected  from 

ferent  sources  near  Winchendon  during  the  past  year,  with  a  brief  state- 

:nt  of  the  quality  of  the  water  from  each  source,  as  indicated  by  the 

alyses. 

The  analyses  sent  included  four  from  upper  Naukeag  Pond,  —  Nos.  12095, 

792,  13813,  14122;    two  from  Prentiss  meadow, — No.  12188,  driven 

11  No.  3,  No.  13092,  dug  well;  one  from  Miller's  River,  opposite  Pren- 

s  meadow,  No.  12187;   one  fromBeaman  Brook,  No.  12094. 

These  analyses  show  that  the  waters  of  Upper  Naukeag  Pond  and  the 

ills  in  the  Prentiss  meadow  are  soft  and  of  excellent  quality  for  all  the 

rposes  of  a  public  water  supply. 

The  waters  of  Miller's  River  opposite  the  wells  and  of  Beaman  Brook 

ve  a  deep  brownish  color,  such  as  water  acquires  from  contact  with  vege- 

ile  matter  in  swampy  places,  contain  considerable  organic  matter,  and 

>uld  not  be  of  satisfactory  quality  for  drinking  and  some  other  water  sup* 

j  purposes. 

Worcester.  An  application  was  received  Feb.  21,  1895,  from 
b  mayor  of  Worcester,  for  the  advice  of  the  Board  relative  to  the 
dition  of  the  water  of  Kettle  Brook  to  the  existing  water  supply 
the  city.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  March  2, 1895. 

The  State  Board  of  Health  received  from  you  Feb.  21,  1895,  an  appli- 
fcion  for  its  advice  relative  to  the  proposed  additional  water  supply  for  the 
j  of  Worcester,  to  be  obtained  from  Kettle  Brook,  at  or  near  Kent's 
Us,  and  diverted  into  the  existing  Lynde  Brook  Reservoir,  from  which 

*  high-service  supply  of  the  city  is  now  taken. 
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The  Board  has  caused  examinations  of  this  brook  to  be  made  and  samples 
of  water  from  it  to  be  analyzed,  and  it  finds  that  the  water  as  it  now  runs 
in  the  stream  is  of  fair  quality  and  likely  to  be  as  good  after  storage  in 
the  Lynde  Brook  Reservoir  as  the  water  now  supplied  to  the  city  from 
that  source.  The  water  can  be  improved,  however,  by  ceasing  to  use  the 
Arnold  Reservoir,  which  floods  a  swampy  territory  near  the  head  of  Kettle 
Brook  to  a  small  depth,  by  draining  this  swampy  territory  and  by  other 
methods  of  improving  the  quality  of  the  water  which  will  suggest  them- 
selves to  your  engineers. 

This  brook  will  furnish  by  gravity  a  substantial  addition  to  the  present 
supply  of  your  city  at  a  very  small  cost  for  engineering  works,  and  the 
Board  regards  it  as  an  appropriate  source  from  which  to  take  the  next 
addition  to  the  water  supply  of  your  city. 

Wrentham  (Plainville).  An  application  was  received  Jan.  8, 
1895,  from  H.  G.  Bacon  and  other  citizens  of  Plainville  in  Wren- 
tham, for  the  advice  of  the  Board  relative  to  taking  the  water  of 
Ten  Mile  River,  at  some  point  above  Plainville,  to  which  the  Board 
replied  as  follows :  — 

Boston,  Feb.  5,  1896. 

The  State  Board  of  Health  received  from  you  on  Jan.  8,  1895,  an  appli- 
cation for  advice  relative  to  a  proposed  water  supply  for  a  part  of  the 
town  of  Wrentham,  in  which  you  state  that  it  is  your  intention  to  intro- 
duce a  system  of  water  supply  in  the  village  of  Plainville  in  the  town  of 
Wrentham,  and,  for  the  purpose  of  carrying  out  such  a  plan,  a  petition 
will  be  presented  to  the  General  Court.  You  ask  for  advice  upon  the 
proposed  plan  to  take  the  water  of  Ten  Mile  River  at  some  point  between 
the  village  of  Plainville  and  the  head  of  Ten  Mile  River. 

The  Board,  under  date  of  Dec.  20,  1894,  advised  the  board  of  water 
commissioners  of  the  town  of  North  Attleborough  with  regard  to  the  Ten 
Mile  River  above  the  village  of  Plainville  as  a  source  of  water  supply  for 
the  town  of  North  Attleborough  and  the  village  of  Plainville.  In  the  com- 
munication to  North  Attleborough  (a  copy  of  which  is  published  in  the 
twenty-sixth  annual  report  of  the  State  Board  of  Health,  1894,  page  35), 
you  will  find  the  opinion  of  the  Board  with  regard  to  the  quality  of  the 
water;  also  its  opinion  as  to  the  propriety  of  taking  water  from  this 
source  for  the  supply  for  the  village  of  Plainville,  as  well  as  for  a  supply 
for  the  town  of  North  Attleborough. 

Sewerage  and  Sewage  Disposal. 

The  following  is  the  substance  of  the  action  of  the  Board  during 
1895,  in  reply  to  applications  for  advice  relative  to  sewerage  and 
sewage  disposal :  — 
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Amesbury.  An  application  was  received  from  the  committee  on 
ywerage  of  the  town  of  Amesbury  Nov.  2,  1894,  for  the  advice  of 
le  Board  relative  to  the  sewage  disposal  of  Amesbury,  having  pro- 
t>sed  outlets  into  the  Powow  River.  The  Board  replied  to  this 
^plication  as  follows :  — 

Boston,  Feb.  12, 1895. 

The  State  Board  of  Health  received  from  you  an  application  dated  Nov. 
,  1894,  in  which  you  ask  its  advice  with  regard  to  the  disposal  of  the 
wage  of  Amesbury,  and  with  this  application  you  submit  certain  plans 
ade  several  years  ago  and  suggest  that  they  will  require  some  modifica- 
on. 

The  Board  advises  that  you  have  the  whole  subject  re-examined  and 
ans  prepared  for  discharging  the  sewage  into  the  Merrimack  River,  and 
tat  you  adopt  a  plan  for  disposing  of  the  sewage  in  this  manner,  if  it  is 
rand  practicable  to  do  bo.  If,  however,  you  find  that  the  cost  is  too 
reat  to  warrant  the  adoption  of  the  complete  plan  at  the  present  time,  it  is 
irmissible  to  discharge  temporarily  into  the  Powow  River  at  or  below  the 
outh  of  Patten's  Brook  as  much  sewage  as  will  be  furnished  by  a  popula- 
on  of  5,000,  but  the  outlet  pipe  should  be  extended  to  deep  water,  so  as 
roid  fouling  the  shores. 

Andoveb.  An  application,  submitting  certain  specific  questions, 
as  received  from  the  sewer  commissioners  of  Andover,  Aug.  1, 
$95,  for  the  advice  of  the  Board  relative  to  two  plans  of  sewerage 
id  sewage  disposal  for  that  town.  The  Board  replied  to  this  appli- 
tion  as  follows :  — 

Boston,  Oct.  10, 1895. 

The  State  Board  of  Health  received  from  you  on  Aug.  1,  1895,  an 
plication  with  reference  to  the  disposal  of  the  sewage  of  the  town  of 
idover,  containing  the  following  statement  as  to  your  proposed  plans :  — 
"  The  town  of  Andover  submits  two  plans  for  the  disposal  of  its  sew- 
5:  — 

'1.  Above  the  stone  bridge,  six  hundred  feet  from  Main  Street,  to 
ct  a  building,  114  by  42  feet  (A),  with  two  sets  of  double  collecting 
ks  and  two  filter-beds,  thoroughly  underdrained,  within  the  building, 
tilated  through  a  4-foot  chimney  75  feet  high,  the  effluent  to  have  inter- 
tent  filtration  out  of  doors  through  2£  acres  of  prepared  filter-beds, 
lerd rained,  with  3  feet  of  sand  covered  with  3  inches  of  loam,  receiving 
sewage  from  overdrains,  the  whole  draining  into  the  Shawsheen  River. 
1 2.  Such  a  building  (B)  on  the  river  below  Frye  Village  without  out- 
loor  filter-beds,  emptying  directly  into  the  Shawsheen  River. 


%• 
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"  3.  Will  the  Board  suggest  the  size  of  out-of-door  filter-beds  deemed 
necessary  to  make  acceptable  our  second  plant? 

44  4.     Can  loam  be  used  over  the  sand  in  filter-beds?" 

The  application  was*accompanied  by  plans  of  the  proposed  plant  at  the 
location  first  indicated,  which  is  an  area  of  low  ground  bordering  on  the 
right  or  easterly  bank  of  the  Shawsheen  River,  between  Main  Street, 
Harding  Street  and  the  Boston  &  Maine  Railroad ;  and  subsequently  a 
report  was  submitted  relating  to  the  proposed  method  of  operation  of  the 
plant,  and  a  sample  of  the  sand  intended  to  be  used. 

The  essential  features  of  the  plan  are  settling  tanks  for  the  removal 
of  the  suspended  matters  from  the  sewage  by  sedimentation ;  filter-beds 
having  an  area  of  2,800  square  feet,  and  containing  about  5  feet  in  depth 
of  filtering  material,  through  which  it  is  expected  to  filter  sewage  from  the 
settling  tanks  intermittently  at  a  rate  of  3,200,000  gallons  per  acre  daily; 
and  a  secondary  filter-bed,  having  an  area  of  2.3  acres,  to  be  used  for  the 
filtration  of  the  effluent  from  the  first-mentioned  filters  by  application  to 
sand  beneath  a  layer  of  loam.  By  the  alternative  plan,  the  last- mentioned 
filter-bed  may  be  omitted,  but  the  effluent  in  either  case  would  be  dis- 
charged into  the  Shawsheen  River. 

The  Board  has  carefully  considered  the  proposed  scheme,  and  finds  that 
it  is  a  thoroughly  impracticable  one  for  the  disposal  of  the  sewage  of  the 
town  of  Andover. 

The  settling  tanks  into  which  the  sewage  would  be  discharged  as  it  came 
from  the  main  sewer  cannot  be  expected  to  remove  more  than  a  very  small 
portion  of  the  suspended  matter.  Experiments  at  Lawrence  with  reference 
to  the  removal  of  organic  matter  from  sewage  by  sedimentation  have  shown 
that  by  allowing  sewage  to  settle  for  four  hours  about  18  per  cent,  of  the 
organic  matter,  as  indicated  by  the  albuminoid  ammonia,  was  removed. 
The  consumption  of  water  in  Andover  for  the  year  1894  averaged  323,000 
gallons  per  day,  and  it  is  not  unreasonable  to  expect  that  the  amount  of 
sewage  to  be  disposed  of  after  the  sewerage  system  has  come  into  general 
use  may  be  in  the  vicinity  of  200,000  gallons  per  day.  With  this  quantity 
of  sewage  flowing,  the  time  occupied  by  it  in  passing  through  the  proposed 
settling  tanks  would  not  average  more  than  two  hours,  or  about  one- half 
the  time  allowed  in  the  experiments  at  Lawrence,  and  during  the  portion  of 
the  day  when  the  flow  was  greatest  the  sewage  would  pass  through  the 
tanks  in  less  time ;  moreover,  there  would  be  a  constant  flow  of  sewage 
through  the  proposed  tanks,  while  in  the  case  of  the  experiments  at  Law- 
rence the  liquid  was  not  disturbed. 

The  in-door  filter-beds  for  the  rapid  filtration  of  the  sewage  after  it  has 
passed  through  the  settling  tanks  are  altogether  inadequate  for  the  purpose, 
and  would  very  quickly  become  clogged,  so  that  the  required  quantity  of 

iwage  could  not  be  made  to  pass  through  them. 
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The  proposed  rate  of  filtration  for  these  filters  (3,200,000  gallons  per 
tre  per  day)  very  greatly  exceeds  the  highest  rate  ever  attained  in  the 
tration  of  sewage  through  any  sand  or  gravel  in  the  experiments  at 
awrence  with  the  most  favorable  conditions,  even  with  sewage  from  which 
e  greater  portion  of  the  organic  matter  had  previously  been  removed ; 
id  it  may  be  added  that  it  exceeds  even  the  rate  at  which  Merrimack  River 
iter  is  filtered  through  the  Lawrence  city  filter. 

The  effect  of  applying  sewage  to  the  proposed  filter  at  such  an  excessive 

,te  would  be  that  no  opportunity  would  be  allowed  for  nitrification  to 

jcome  established  in  the  filter,  whereby  the  organic  matters  would  be  con- 

irted  into  mineral  matters  and  pass  out  in  the  effluent,  and  the  organic 

atters  would  consequently  accumulate  in  the  interstices  of  the  sand  and 

og  the  filter,  even  if  its  surface  was  continually  disturbed  or  scraped. 

The    purification  of    sewage   by  intermittent  filtration  is  not  merely 

echanical ;    that  is,  it  is  not  a  straining  through  fine  pores,  thereby  hold- 

g  back  the  organic  matters  in  the  sewage,  but  it  is  a  chemical  change,  in 

hich  the  substances  are  converted  into  mineral  matter,  which  passes  off 

lily  in  the  purified  liquid.     To  effect  this  change  the  experiments  at  Law- 

jnce  have  clearly  shown  that  the  necessary  conditions  are  very  slow  motion 

f  very  thin  films  of  liquid  over  the  surface   of   particles   having  spaces 

etween  them  sufficient  to  allow  air  to  be  in  contact  with  the  films  of  liquid. 

nth  these  conditions  it  is  essential  that  certain  bacteria  should  be  present 

>  aid  in  the  process  of  nitrification;  and  it  has  been  found  that  these 

icteria  come  in  the  sewage  at  all  seasons  of  the  year,  and  the  conditions 

entioned  appear  to  be  the  most  favorable  for  their  efficient  action. 

The  proposed  filtration  area  outside  the  building,  to  which  sewage  is  to 

s  applied  by  carriers  laid  beneath  a  surface  layer  of   loam,  would,  on 

count  of  the  limited  capacity  of  the  proposed  in-door  filters  for  purifying 

wage,  receive  sewage  from  which  only  a  small  proportion  of  the  organic 

atter  had  been  removed.     While  no  special  chemical  or  biological  difficul- 

58  attend  the  purification  of  sewage  by  this  form  of  filter,  it  has  been 

und  both  by  experiment  and  in  practice  that  the  carriers  become  clogged 

th  organic  matter  so  that  it  is  necessary  to  dig  up,  clean  and  replace  them 

>m  time  to  time,  making  the  cost  of  maintenance  of  such  a  filter  greater 

in  where  no  loam  layer  is  used  and  sewage  is  applied  directly  to  the 

rface  of  the  sand ;  moreover,  experiments  with  two  filters  containing  the 

ne  kind  of  sand,  at  Lawrence,  to  one  of  which  sewage  was  applied  upon 

*  exposed  surface  of  the  sand  and  to  the  other  beneath  a  layer  of  loam, 

wsls  found  that  the  amount  of  sewage  that  could  be  disposed  of  by  the 

mer  was  more  than  twice  as  great  as  by  the  latter. 

Finally,  if  sewage  should  be  filtered  through  properly  prepared  beds  of 

id,  such  as  are  proposed  for  use  in  the  filters  under  consideration,  at  a 

e  which  will  not  overtax  the  capacity  of  the  filter,  the  effluent  would  be 
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sufficiently  purified  to  permit  of  its  discharge  directly  into  the  Shawsheen 
River  without  further  treatment.  It  may  be  added  that  an  area  of  about 
six  acres  of  such  filter-beds  would  be  sufficient  for  the  town  in  the  beginning, 
but  it  would  be  desirable  to  provide  for  increasing  the  area  when  necessary. 

Brockton.  An  application  was  received  Aug.  16,  1895,  from 
the  mayor  of  Brockton,  for  the  advice  of  the  Board  relative  to  a 
proposed  plan  of  i€  surface  drainage "  in  the  Cabot  Street  section 
of  that  city.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Oct.  3,  1886. 
The  State  Board  of  Health  has  carefully  considered  the  plan  for  pro- 
posed drainage  of  the  Cabot  Street  system  which  you  presented  for  its  ap- 
proval August  5,  under  the  provisions  of  chapter  309  of  the  Acts  of  1888, 
and  hereby  approves  said  drainage  system. 

Danvers.  An  application  was  received  Nov.  4,  1895,  from  the 
board  of  health  of  the  town  of  Danvers,  for  the  advice  of  the  Board 
relative  to  the  disposal  of  the  sewage  of  certain  morocco  factories 
now  discharging  into  Crane's  River  in  that  town  by  conveying  it  to 
an  outlet  at  Danversport.  The  Board  replied  to  this  application  as 
follows :  — 

Boston,  Dec.  5,  1895. 

The  State  Board  of  Health  has  carefully  considered  your  application  for 
advice  with  reference  to  disposing  of  the  nuisance  in  Crane's  River  caused 
by  the  discharge  into  it  of  manufacturing  sewage  from  three  morocco  shops. 
The  plan  accompanying  your  application  is  to  divert  the  sewage  from  the 
brook  into  which  it  flows  at  present,  and  convey  it  by  means  of  a  sewer  to 
a  point  of  discharge  in  the  channel  of  the  Essex  Branch  River,  a  tidal 
stream,  near  its  junction  with  Crane's  River,  and  you  express  a  doubt  as  to 
whether  this  method  of  disposal  would  be  satisfactory. 

The  proposed  outlet  is  close  to  the  village  of  Danversport,  and  it  appears 
that  there  are  very  extensive  flats  in  the  vicinity,  which  are  exposed  at  low 
tide.  An  analysis  of  a  sample  of  the  sewage,  collected  as  it  flowed  from 
the  present  settling  tank,  shows  that  the  sewage  contains  several  times  as 
much  organic  matter  as  is  found  in  ordinary  town  sewage,  and  that  a  large 
proportion  of  it  is  in  suspension.  With  the  conditions  existing  in  the 
vicinity  of  the  proposed  outlet,  it  is  probable  that  organic  matter  from  the 
sewage  would  collect  on  the  flats,  and  cause  a  nuisance  similar  to  that  now 
existing  in  Crane's  River.  The  Board  does  not,  therefore,  advise  the 
adoption  of  this  method  of  disposing  of  the  sewage,  and  it  may  be  added 
that  there  appears  to  be  no  body  of  water  in  the  immediate  vicinity  of  the 
town  into  which  the  sewage  could  be  discharged  without  offence. 
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t  is  probable  that  the  sewage  from  the  establishments  in  question  might 
lisposed  of  in  connection  with  a  general  system  of  sewerage  and  sewage 
K>sal  for  the  thickly  settled  portion  of  the  town ;  and  it  is  suggested 
:,  when  a  demand  arises  for  such  a  system,  as  will  doubtless  be  the  case 
old  the  town  continue  to  increase  in  population,  it  may  be  found  most 
aomical  and  otherwise  satisfactory  to  dispose  of  the  sewage  in  connec- 
i  with  a  general  system  of  sewage  disposal  for  the  city  of  Salem  and  the 
n  of  Peabody,  for  which,  as  you  are  aware,  the  State  Board  of  Health 
ow  making  investigations. 

t  is  understood,  however,  that  no  system  of  sewerage  is  at  present  con- 
iplated  by  the  town,  and  under  the  circumstances  it  becomes  important 
letermine  whether  it  is  feasible  to  purify  this  sewage  to  such  a  degree 
t  it  may  be  discharged  into  the  stream  without  causing  offence.  It  could 
bably  be  done  by  conducting  the  sewage  into  large  settling  tanks,  where 

sludge  would  settle  and  the  liquid  could  be  pumped  to  a  sand  and 
vel  bed  and  be  filtered,  and  the  sludge  be  frequently  removed  from  the 
ks.  The  Board  cannot  with  present  information  advise  you  definitely 
h  regard  to  this  method  of  disposal,  but  will  assist  you  in  making  an 

sstigation  of  it,  if  you  desire. 

^airhaven.     The  selectmen  of  Fairhaven  applied  to  the  Board 

).  16,  1895,  for  its  advice  relative  to  the  best  practicable  method 

iisposing  of  the  sewage  of  the  village  of  Fairhaven,  submitting 

an  for  its  disposal  by  one  outlet  into  tide-water  at  the  end  of 

on  wharf.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  June  7,  1895. 

he  plan  provides  for  a  system  of  gravity  pipe  sewers  for  collecting  the 
ige  at  four  points,  at  each  of  which  Shone  ejectors  are  to  be  placed, 
>rce  the  sewage  to  the  outlet  above  mentioned. 

be  Board,  on  May  5,  1891,  in  reply  to  a  previous  application,  approved 
outlet  for  the  discharge  of  the  sewage  of  certain  public  buildings  and  a 
ed  portion  of  the  town,  but  regards  it  as  an  unsatisfactory  outlet  for 
arger  quantity  of  sewage  which  would  be  brought  to  this  point  by  the 
snt  plan ;  and  you  are,  therefore,  advised  to  modify  the  plan  so  that 
ewage  will  be  carried  farther  out  toward  the  channel,  where  it  will  not 
the  docks  or  shores.  It  seems  probable  that  this  may  be  done  and  a 
factory  outlet  secured,  without  excessive  cost,  by  laying  a  submerged 
out  from  the  shore  at  some  point  not  farther  north  than  the  southerly 
>f  Crow  Island. 

iaminoham.     The  sewer  committee  of  Framingham  applied  to 
5oard  Dec.  24,  1894,  for  its  approval,  under  the  provisions  of 
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chapter  403  of  the  Acts  of  1887,  of  the  method  of  disposal  of  the 
water  of  the  under-drain  of  the  main  sewers  of  that  town.  The 
Board  replied  to  this  application  as  follows :  — 

Boston,  Feb.  20, 1895. 

The  Board  has  considered  your  application,  dated  Dec.  24,  1894,  in 
which  you  ask  for  its  approval  of  the  disposal  of  the  water  of  the  under- 
drain  beneath  the  Framingham  sewers  by  pumping  it  to  filter-beds  located 
near  the  present  pumping  station,  as  shown  on  a  plan  submitted  with  the 
application. 

A  plan  for  the  disposal  of  this  water  was  presented  to  the  Board  Jan. 
23,  1893,  which  provided  for  diverting  it  entirely  from  the  water-shed  of 
the  Boston  water  supply  by  pumping  it  over  the  divide  into  Bannister 
Brook.  Concerning  that  plan  the  Board  advised  that  it  was  a  permissible 
method  of  disposing  of  the  water,  but  that  nitration  might  be  necessary  if 
the  character  of  the  water  should  deteriorate. 

The  plan  now  proposed  provides  for  the  disposal  of  the  water  of  the 
under-drain  by  filtration  on  land  within  the  water-shed  of  the  Boston  water 
supply,  and  has  the  advantage  of  saving  to  this  supply  a  quantity  of  water 
which  under  the  former  plan  would  be  lost ;  but  it  has  the  disadvantage 
that  the  nitrates  in  the  filtered  water  will  have  a  slight  tendency  to  promote 
the  growth  in  Cochituate  Lake  of  the  organisms  which  impart  to  water  dis- 
agreeable tastes  and  odors. 

In  view  of  all  the  circumstances,  the  Board  is  of  the  opinion  that  the 
disposal  of  the  under-drain  water  by  the  proposed  plan  is  not  objectionable 
from  a  sanitary  point  of  view,  and  is  an  appropriate  method  of  disposing 
of  this  water. 

Samples  of  earth  sent  in  by  you  from  three  test  pits  dug  in  the  proposed 
area  have  been  examined,  and  the  samples  from  two  of  them  have  been 
found  to  be  of  satisfactory  quality,  except  near  the  surface,  for  filtration 
purposes,  but  samples  from  the  remaining  pit  consisted  of  very  fine  material. 
In  constructing  the  filter-beds  care  should  be  taken  to  locate  them  where 
the  material  is  porous  and  suitable  for  filtration.  The  plan  provides  for 
the  preparation  of  an  area  of  about  one  acre,  but  it  would  be  desirable  to 
make  provision  for  extending  this  area  in  the  future  if  it  should  be  found 
necessary. 

Springfield.  The  mayor  of  Springfield  applied  to  the  Board 
Aug.  23,  1895,  for  advice  relative  to  the  extension  of  certain  sewers 
to  the  Connecticut  River,  and  the  construction  of  new  sewers  having 
their  proposed  outlets  in  the  river.  The  Board  replied  to  this  ap- 
plication as  follows :  — 
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Boston,  Oct.  3,  1895. 

The  State  Board  of  Health  received  from  you  on  Aug.  23,  1895,  an 
>plication  for  its  advice  relative  to  the  proposed  extension  to  the  river 
tannel  of  the  sewer  outlets  in  Worthington  and  Union  streets,  which  now 
scharge  at  the  bank  of  the  river,  and  the  construction  of  a  new  sewer  in 
onghill  street,  accompanied  by  plans  showing  details  of  the  proposed 
^tensions  and  the  results  of  float  experiments  made  to  determine  the 
rection  of  currents  in  the  river  opposite  the  city. 

The  discharge  of  sewage  at  the  bank  of  the  river  has  caused  a  serious 
reding  of  the  shores,  so  that  at  times  of  low  water  they  are  very  offensive. 
he  proposed  extensions  will  carry  the  sewage  away  from  the  river  bank 
ell  out  into  the  stream,  and  the  points  of  discharge  indicated  appear  to 
e  so  located  that  the  sewage  will  have  passed  the  city  and  become  well 
fluted  before  returning  to  the  shores,  and  their  adoption  is  recommended. 
t  would,  however,  be  well  to  avoid  the  up-turning  of  the  discharge  pipe 
t  the  end,  and  have  a  free  outlet,  with  no  depressed  portion  of  the  pipe 
l  which  solids  from  the  sewage  may  be  deposited. 

Tewksbury.  An  application  was  received  from  the  board  of 
ealth  of  Tewksbury,  April  9,  1895,  for  advice  relative  to  the  dis- 
osal  of  the  sewage  of  a  portion  of  that  town  into  the  Concord 
iver.     The  Board  replied  as  follows  :  — 

Boston,  Oct.  3,  1886. 

The  State  Board  of  Health  received  from  you  on  April  9,  1895,  an 
iplication  with  reference  to  a  partial  system  of  sewerage  in  the  portion 
Tewksbury  bordering  on  the  Concord  River,  accompanied  by  a  profile 
owing  a  proposed  sewer  in  Whitehead  and  Warnock  streets,  ending  in 
e  Concord  River,  near  the  boundary  between  the  town  of  Tewksbury  and 
e  city  of  Lowell. 

The  Board  has  caused  an  investigation  of  the  proposed  plan  to  be  made, 
d  has  deemed  it  necessary,  in  view  of  the  existing  conditions,  to  take 
io  consideration  the  whole  subject  of  sewerage  and  sewage  disposal  for 
»  rapidly  growing  portion  of  the  town  near  to  Lowell.     Aside  from  the 
ality  to  be  drained  by  the  proposed  sewer,  there  are  other  localities  in 
s  part  of  the  town,  containing  a  much  larger  population,  which  appear 
be  already  in  need  of  sewerage  facilities,  or,  with  a  continued  rapid 
Tease  in  population,  likely  to  need  them  in  the  near  future. 
While  the  discharge  of  sewage  from  the  proposed  sewer,  under  present 
iditions,  into  the  Concord  River,  might  not  cause  any  serious  harm,  the 
ard  is  of  the  opinion  that  no  large  amount  of  sewage  can  safely  be  dia- 
led of  in  this  way,  owing  to  the  conditions  that  prevail  in  the  vicinity  of 
i  river  below,  where  there  are  densely  populated  sections  of  the  city  of 
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Lowell  in  the  immediate  vicinity  of  the  stream.  It  is  also  worthy  of  note 
that  the  city  of  Lowell  has  been  compelled  by  the  courts  to  discontinue  the 
discharge  of  sewage  into  the  Concord  River,  above  the  last  dam. 

In  view  of  all  the  circumstances,  the  Board  advises  that  a  more  extended 
Investigation  Jbe  made  of  the  subject  of  sewerage  and  sewage  disposal  for 
this  rapidly  growing  portion  of  the  town  of  Tewksbury,  both  in  order  that 
sewers  may  be  constructed  in  the  beginning  in  accordance  with  some  well- 
defined  plan  for  the  district  as  a  whole,  and  in  order  that  a  suitable  method 
of  disposing  of  the  sewage  be  adopted  in  the  beginning. 

It  is  suggested  that,  in  connection  with  investigations  of  methods  of 
disposing  of  the  sewage  of  this  portion  of  the  town,  there  appear  to  be  two 
feasible  methods  which  are  worthy  of  investigation,  —  one  by  disposal  on 
filter-beds  of  sufficient  area,  as  at  Framingham,  Marlborough  and  several 
places  in  the  State,  and  the  other  by  disposal  in  connection  with  the  sewer- 
age system  of  the  city  of  Lowell. 

The  Board  will  advise  you  further  in  this  matter  when  you  have  additional 
information  to  present. 

Webster.  The  sewer  commissioners  of  Webster  applied  to  the 
Board  Oct.  15,  1895,  for  its  advice  relative  to  a  proposed  system 
of  sewerage  and  sewage  disposal  for  that  town,  having  its  outlet 
into  French's  River,  at  a  point  below  the  bridge  of  the  Southbridge 
branch  of  the  New  England  Railroad.  The  Board  replied  to  this 
application  as  follows  :  — 

Boston,  Jan.  3,  1896. 

From  investigations  made  by  the  Board,  through  its  engineers,  it 
appears  that  French's  River  is  already  considerably  polluted  by  manufact- 
uring sewage.  Below  the  proposed  sewer  outlet  there  are  several  millponds 
which  afford  a  favorable  opportunity  for  the  solid  portions  of  the  sewage 
and  manufacturing  wastes  to  settle  and  become  offensive.  Near  each  of 
these  millponds  is  a  village,  the  inhabitants  of  which  would  necessarily  be 
affected  by  the  pollution  of  the  river  and  the  deposits  of  organic  matter  on 
the  bottoms  and  sides  of  the  ponds. 

Under  the  circumstances,  the  Board  does  not  advise  the  disposal  of  the 
sewage  of  Webster  as  proposed,  by  discharging  it  without  treatment  into 
French's  River,  but  advises  a  further  investigation  of  the  subject  of  sewage 
disposal,  with  a  view  to  purifying  the  sewage  in  such  a  manner  that  the 
effluent  may  subsequently  be  discharged  into  the  river  without  danger  of 
causing  offence  to  the  inhabitants  of  the  villages  on  the  river  below. 

A  tract  of  land  is  referred  to  in  the  report  of  your  engineer  in  connec- 
tion with  the  disposal  of  the  sewage  by  nitration  or  irrigation.  The  Board 
would  advise  a  thorough  investigation  of  the  areas  suitable  for  the  dis- 
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al  of  sewage  in  the  vicinity  of  the  river  below  the  proposed  outfall, 

ietermine  the  location  and  extent  of  the  areas  available  for  sewage 

ation. 

rhe  Board  will  advise  you  further  in  this  matter  when  you  have  addi- 

lal  information  to  present. 


State  Farm  at  Bridgewateb.  An  application  was  received 
m  the  superintendent  of  the  State  Farm  at  Bridgewater  for  the 
ice  of  the  Board  relative  to  the  disposal  of  the  sewage  of  that 
titution.     The  Board  replied  as  follows :  — 

Boston,  Dec  14, 1890. 

"he  State  Board  of  Health  has  carefully  considered  your  application  for 
ice  as  to  the  disposal  of  the  sewage  of  the  State  Farm,  and  has  caused 
examination  of  the  territory  in  the  vicinity  of  the  farm  to  be  made  by 
engineers. 

'he  present  method  of  disposing  of  the  sewage  after  leaving  the  build- 
j  is  to  convey  it  to  settling  tanks  just  outside  the  northwesterly  corner 
the  grounds  of  the  institution,  from  which  it  is  allowed  to  overflow  and 
down  the  hill  into  a  small  brook,  which  is  very  badly  polluted  thereby, 
thence  into  the  Taunton  River. 

Fhile  you  have  a  large  area  of  land  upon  which  sewage  might  be  used 
irrigation,  and  some  advantages  to  the  crops  be  obtained  thereby,  the 
£rial  is  not  favorable  to  absorbing  a  large  amount  of  the  sewage,  and 
ould  have  to  be  applied  with  a  good  deal  of  care  to  prevent  its  becoming 
nsive. 

forth  of  the  institution,  beyond  the  brook  and  about  a  mile  and  a  quarter 
n  the  buildings,  you  have  some  land  which  appears  to  be  adapted  to 
ation ;  and  the  Board  would  advise  that  you  cause  an  examination  to  be 
le,  to  determine  whether  this  area  is  available  for  the  disposal  of  the 
age  of  the  institution  at  a  reasonable  expense,  and  whether  the  area  of 
able  porous  material  is  of  sufficient  extent  to  Alter  all  of  the  sewage  of 
institution,  and  produce  an  effluent  that  may  be  discharged  into  the 
am  without  objection. 


Pollution  of  Inland  Waters. 

*he  Blackstone  River.  An  application  was  received  Aug.  17, 
5,  from  the  selectmen  of  Millbury,  asking  the  advice  of  the 
rd  "in  reference  to  the  pollution  of  the  Blackstone  River  by 
sewage  and  by  the  effluent  from  the  sewage  precipitation  works 
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4,  averaged  about  12,500,000  gallons  per  day,  and  that  a  portion  of 
sewage  at  times  of  high  flow  in  the  brook  escapes  into  the  river  with- 

treatment. 

[*he  population  of  the  city  of  Worcester  has  increased  since  1886  about 
ty-nine  per  cent.,  and  the  total  length  of  sewers  has  increased  during 
t  time  about  eighty-seven  per  cent.,  from  which  it  would  be  reasonable* 
conclude  that  the  amount  of  sewage  discharged  by  the  sewers  has 
ibled.  It  appears  from  the  report  of  the  superintendent  of  sewers  that,. 
an  average,  about  fifty  per  cent,  of  the  organic  matter  is  removed  from* 

sewage  by  treatment  at  the  precipitation  works ;  and,  taking  into  eon- 
oration  the  fact  that  a  portion  of  the  sewage  escapes  into  the  river  with- 

treatment,  it  would  be  expected  that  the  amount  of  organic  matter  dis- 
i-ged  into  the  river  in  the  sewage  and  effluent  of  the  city  of  Worcester 
is  great  as  in  1886. 
Ia  a  means  of  determining  the  condition  of  the  river  from  time  to  time, 

Board  has  continued  its  regular  examination ;  and,  in  order  to  compare 

condition  of  the  river  in  1895  with  that  existing  before  the  last  reply 
§  made,  the  Board  has  caused  a  special  examination  of  the  river  to  bo 
de  by  means  of  numerous  chemical  analyses  of  samples  collected  at 
ions  points  and  at  frequent  intervals  during  the  week  ending  Sept.  11> 
>5,  corresponding  to  an  examination  made  in  the  week  ending  July  29, 
>1.  From  the  results  of  these  investigations  the  Board  finds  that  the 
idition  of  the  river  below  the  point  of  discharge  of  the  effluent  from  the 
cipitation  works  and  in  the  town  of  Millbury  is  practically  the  same  as 
ras  at  the  time  when  the  last  reply  was  made. 

The  Worcester  precipitation  works  have  been  conducted  under  the  direc- 
a  of  skilled  engineers  and  chemists,  and  the  percentage  of  organic 
tter  removed  from  the  sewage  treated  at  the  works,  even  on  the  scale 
aired,  has  doubtless  been  as  great  as  it  is  practicable  to  attain  by  chem- 
L  precipitation  alone.  As  the  city  grows  and  the  amount  of  sewage  in- 
ases,  the  amount  of  organic  matter  discharged  into  the  river  will  also 
«ssarily  increase,  unless  a  more  complete  purification  of  the  sewage  is 
de. 


liAKB  Quinsigamond.  The  selectmen  of  Shrewsbury  called  the 
mtion  of  the  Board  July  1,  1895,  to  the  possible  pollution  of 
te  Quinsigamond  (which  lies  partly  in  Shrewsbury)  by  the  sew- 
of  the  Worcester  Lunatic  Hospital.  The  Board  replied  to  this 
lmunication  as  follows  :  — 

Boston,  Dec.  6, 1805. 

he  State  Board  of  Health  has  considered  your  application  with  ref- 
tce  to  the  pollution  of  Lake  Quinsigamond  by  the  sewage  from  the 
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Worcester  Lunatic  Hospital,  and  has  caused  an  examination  of  the  prem- 
ises to  be  made. 

From  present  information  the  Board  is  not  prepared  to  give  an  opinion 
in  this  matter,  but  will  cause  a  further  investigation  to  be  made  during  the 
coming  year,  and  will  then  inform  you  as  to  its  conclusions. 

Lake  Chauncy.  The  following  communication  was  received 
from  the  selectmen  of  Northborough  Sept.  17,  1895:  — 

Northbobough,  Mass.,  8epU  17,  1895. 

Gentlemen  :  —  For  a  number  of  months  the  sewage  of  the  Westborough 
Insane  Hospital  has  been  discharged  directly  and  without  treatment  into 
Lake  Chauncy,  one  of  the  great  ponds  of  the  State,  and  within  the  limits 
of  this  town. 

We  respectfully  ask  you  to  examine  the  premises,  and  if,  in  your 
opinion,  the  conditions  are  prejudicial  to  health  or  comfort,  to  take  such 
action  as  may  be  necessary. 

Respectfully, 

(Signed)  Cyrus  H.  Mentzer, 

Edwin  S.  Corey, 
James  S.  Learned, 

Selectmen  of  Northborough, 

In  consequence  of  this  letter  the  following  communication  was 
sent  to  the  trustees  of  the  Westborough  Lunatic  Hospital,  and  a 
copy  of  the  same  was  also  sent  to  the  selectmen  of  Northborough  :  — 

* 

Boston,  Dec.  5,  1895. 

Information  has  been  received  from  the  selectmen  of  Northborough  that 
for  a  number  of  months  the  sewage  of  the  Westborough  Insane  Hospital 
has  been  discharged  directly  and  without  treatment  into  Little  Chauncy 
Pond.  The  investigations  made  by  the  Board,  through  one  of  its  engi- 
neers, show  that  such  is  the  case,  and  that  there  is  strong  evidence  that  this 
condition  has  existed  for  a  considerable  time. 

This  method  of  disposal  of  the  sewage  causes  the  serious  pollution  of 
Little  Chauncy  Pond  and  the  stream  flowing  from  it  through  Northborough 
into  the  Assabet  River,  and  is  a  menace  to  the  public  health.  It  is  not, 
in  any  sense,  a  proper  method  of  disposing  of  the  sewage  from  this  insti- 
tution, and  should  not  be  allowed  to  continue. 

In  1887  the  trustees  of  the  hospital  requested  the  Board  to  examine  the 
sewerage  system  of  the  hospital  and  recommend  a  proper  method  of  dis- 
posal.    After  careful  examination  of  the  premises  by  the  engineer  of  the 
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ard,  a  reply  was  made  to  the  effect  that  the  most  suitable  method  of  dis- 
sal  was  upon  land  situated  on  the  opposite  side  of  the  brook  leading  from 
aoncy  Pond  to  Little  Chauncy  Pond. 

A  few  months  later  a  general  plan  for  a  system  of  subsurface  disposal 
s  presented  by  you  through  your  engineer,  which  provided  for  disposal 
>n  a  tract  of  land  upon  the  side  hill  north-westerly  from  the  hospital. 
>m  inspection  of  the  area  upon  which  it  was  proposed  to  dispose  of  the 
rage,  it  did  not  appear  to  the  Board  that  it  was  adapted  to  the  purpose ; 
t  after  giving  a  hearing,  at  which  your  engineer  explained  the  nature  of 
ground  on  which  it  was  proposed  to  dispose  of  the  sewage,  and  the 
leral  features  of  the  plan,  it  appeared  from  his  account  that  the  material, 
shown  by  the  trial  pits,  proved  to  be  so  much  better  adapted  to  the 
ration  of  sewage  than  inspection  of  its  surface  promised,  that  the  corn- 
fee  on  water  supply  and  sewerage  of  the  Board  saw  no  reason  to  doubt 
t  the  sewage  of  the  hospital  could  be  disposed  of  upon  it  without  risk  to 
I  health  of  the  inmates  or  the  public.  Your  engineer  declined  to  explain 
t  details  of  the  method  of  distribution,  and  the  Board  expressed  no 
nion  upon  this  subject. 

Since  it  now  appears  that  the  sewage  is  not  purified  by  this  method,  and 
s  very  improbable  that  with  such  soil  as  that  of  which  the  field  is  com- 
sed  the  sewage  could  be  properly  disposed  of  under  the  most  favorable 
cumstaiices  by  subsurface  irrigation,  the  Board  advises  that  you  convey 
t  sewage  across  the  brook,  and  dispose  of  it  by  filtration  upon  the  tract 
land  which  investigation  has  shown  to  be  available,  in  general  accord- 
je  with  the  advice  of  the  Board  contained  in  the  communication  addressed 
yon  May  9,  1887,  previous  to  the  adoption  of  the  present  system. 
The  Board  will,  on  application,  advise  you  further  as  to  the  details 
a  plan  for  the  satisfactory  disposal  of  the  sewage,  if  you  desire  it. 


^NATION  of  Water  Supplies. 


[7S] 


EXAMINATION  OF  WATER  SUPPLIES. 


EXPLANATORY    NOTE. 


rhe  systematic  examination  of  tbe  water  supplies  of  the  State  was  begun  June  1, 
T,  and  has  been  continued  up  to  the  present  time.  The  results  of  the  investl- 
ions  made  during  the  first  two  years  were  published  In  a  special  report  of  the 
ird  upon  the  Examination  of  Water  Supplies  (1890),  and  of  those  made  during 
ceedlng  years  in  the  annual  reports  of  the  Board  beginning  with  the  1890  (Twenty- 
ond  Annual)  report. 

The  special  report  contains  a  description  of  each  of  the  water  supplies  in  the 
te  existing  at  the  date  of  that  report,  and  the  annual  reports  contain  descriptions 
iew  works  and  changes  in  existing  works. 

[n  all  of  these  reports  an  alphabetical  arrangement  by  towns  has  been  adopted, 
rces  of  water  supply  are  tabulated  under  the  name  of  the  town  supplied,  other 
srs  under  the  name  of  the  town  in  which  they  are  situated.  The  analyses  of 
sr  from  the  larger  rivers  not  used  as  sources  of  water  supply  are  given  in  a  sub- 
cut  tabulation,  headed  "  Examination  of  Rivers." 

'he  method  of  making  the  chemical  examinations  remains  unchanged,  and  the 

Its  are  presented  in  the  tables  of  this  report  in  the  same  form  as  in  the  last  one. 

he  samples  of  water  are  usually  received  at  the  laboratory  from  twenty-four  to 

•eight  hoars  after  collection.     All  surface  water  and  such  samples  of  ground 

r  as  contain  suspended  matter  are  filtered  through  filter-paper  before  determln- 

he  color,  the  residue  on  evaporation  and  the  albuminoid  ammonia  in  solution. 

t  ground  waters  which  are  perfectly  clear  and  colorless  when  drawn  from  the 

id  become  turbid  and  colored  on  standing,  In  consequence  of  the  oxidation  of 

ron  which  they  contain.    In  these  waters  the  residue  on  evaporation  is  deter- 

1  without  filtration,  since  this  Iron  is  an  essential  and  not  an  accidental  Ingre- 

in  the  water.     In  the  changes  which  accompany  the  oxidation  of  the  iron  in 

•8  of  this  character,  they  become  first  cloudy  (well  described  by  the  word 

)  and  finally  deposit  a  precipitate  of  oxide  of  iron.     In  the  cloudy  condition 

lave  a  distinct  color,  which  while  it  does  not  have  the  same  significance  as  in 

ise  of  surface  waters,  and  is  only  a  passing  phenomenon,  is,  nevertheless,  of 

st  as  showing  a  color  which  the  water  may  assume  while  the  oxidation  of  the 

i  in  progress.    When  the  iron  is  all  oxidized  and  precipitated  the  water  may 

te  colorless  again.     Explanatory  notes  will  be  given  for  waters  of  this  kind 

nection  with  the  tables  of  analyses. 

e  color  of  water  Is  expressed  by  numbers  which  Increase  with  the  amount  of 
The  standard  used  Is  nesslerized  ammonia,  as  'described  on  page  531  of  the 
J  Report  upon  the  Examination  of  Water  Supplies,  1890,  and  on  page  329  of 
inual  Report  for  1892.  Boston  water,  as  drawn  from  a  tap  at  the  Institute  of 
ology,  had  an  average  color  In  1895  of  0.72.  Other  water  supplies  in  the 
have  had  an  average  color  of  from  0  to  1.80. 
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In  cases  where  examinations  of  a  source  have  been  made  with  considerable 
regularity  for  several  years,  the  averages  of  the  chemical  analyses  of  each  year  are 
given. 

There  was  no  change  in  the  method  employed  in  the  microscopical  examination 
of  water  between  Nov  6,  1890,  and  Dec.  1,  1895.  The  method  employed  between 
those  dates  Is  fully  described  in  the  Twenty-third  Annual  Report  of  the  Board  for 
the  year  1891  (pages  895-421).  Before  Nov.  6,  1890,  the  methods  employed  were 
less  perfect,  so  that  a  smaller  proportion  of  the  total  number  of  organisms  present 
In  the  water  was  separated  from  It  and  observed  under  the  microscope ;  and,  before 
drawing  conclusions  from  a  comparison  of  the  microscopical  examinations  of 
waters  made  before  and  after  this  date,  the  explanatory  note  on  page  70  of  the 
Twenty-second  Annual  Report  for  1890  should  be  read. 

Since  Dec.  1,  1895,  the  method  for  the  microscopical  analysis  of  water  has  been 
considerably  Improved  by  discarding  the  ordinary  glass  funnels  previously  employed 
and  substituting  funnels  which  have  been  constructed  with  stems  of  equal  calibre, 
to  give  equal  rates  of  filtration,  and  with  steeper  sides,  so  that  those  organisms 
which  are  of  a  gelatinous  character  will  be  less  liable  to  adhere  to  the  sides  of 
the  funnel.  By  the  use  of  these  funnels  variations  In  the  numbers  of  organisms 
found,  which  may  be  caused  by  dissimilar  slopes  of  the  sides  of  the  funnels  and 
unequal  rates  of  filtration,  are  avoided. 

To  indicate  the  amonnt  of  the  so-called  Zodglaa  observed,  the  number  of  Indi- 
vidual masses  Is  not  counted,  but  an  area  equal  to  2,500  square  microns,  or  .0026 
square  millimeters,  has  been  adopted  as  an  arbitrary  unit. 

In  publishing  the  results  of  the  microscopical  examinations  the  same  system  Is 
followed  as  last  year.  The  plants  observed  are  classified  in  four  groups,  viz.: 
Diatoraaceffi,  Cyanophyceae,  Alga?  and  Fungi.  The  animals  observed  are  grouped 
as  Rhlzopoda,  Infusoria,  Vermes  and  Crustacea. 

The  names  of  the  different  genera  in  each  group  are  given  with  the  numbers  of 
each  per  cubic  centimeter,  except  that,  to  avoid  making  the  tables  excessively  long, 
they  are  omitted  when  present  only  in  very  small  numbers.  It  is  not  feasible  to 
make  with  regard  to  omissions  a  single  rule  which  will  apply  to  all  cases,  because  it 
is  desirable  to  include  smaller  numbers  of  animals  than  of  plants,  and  of  the  larger 
animals  than  of  animals  generally.  Moreover  there  are  exceptional  cases  in  which 
it  is  desirable  to  indicate  the  presence  of  even  very  small  numbers  of  the  more  im- 
portant plants  or  animals.  Two  general  rules,  however,  have  been  adopted  In 
printing  the  results,  viz. :  — 

1.  All  genera  of  plants  are  Included  in  which  the  total  number  observed  in 
twelve  months  amounts  to  6  or  more  per  cubic  centimeter,  or,  in  other  words,  aver- 
ages as  much  as  0  5  per  month. 

2.  All  genera  of  animals  are  Included  In  which  the  total  number  observed  In 
twelve  months  amounts  to  1.5  or  more  per  cubic  centimeter. 

The  larger  microscopic  animals,  such  as  some  of  the  Crustacea,  are  Included, 
even  when  present  only  In  very  small  numbers. 

Fractions  are  generally  omitted  from  the  table,  the  nearest  whole  number  of 
organisms  per  cubic  centimeter  being  given.  Where  the  total  number  of  organisms 
observed  Is  0.5  or  less,  the  fact  that  the  organism  was  present  is  usually  Indicated 
by  the  abbreviation  "  pr.,"  but  In  the  case  of  the  larger  organisms  very  small  frac- 
tions are  given. 
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EXAMINATION  OF  WATER  SUPPLIES. 


Watbh  Supply  op  Abington  and  Rockland. 
Chemteat  Examination  of  Water  Jrom  Big  Sandy  Pond,  Pembroke. 

[Pari*  par  100,000.] 


Average*  by  Tear*. 


*  Jntta  to  Ootobar,  *lx  aamplaa.  t  January  to  April,  Btb  lamplM.  J 

|  March  and  April.  ||  February,  March  and  April. 

am  to  analjati  of  IMS:  Odor  of  the  flral  aample  ^liUnctl?  Tagetable,  becoming 
i;  of  tba  amid,  faintly  aromallo,  becoming  distinctly  Tegelable  and  unplraaant 
lid,  Ttrj  lalol  or  none,  becoming  faintly  vagatabl*  oo  healing. The  unpin 


Microscopical  Examination. 
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Chemical  Examination  of  Water  from  Tubular  Test  WeUi  in  Acton. 
[Firm  par  100,000.] 


and  600  foot  north  of  Maeucbuietli  Avenue.  No.  16] 
fust  north  of  HaeeachnuHa  Arentie.  The  uilnvi » 
a  water  (apply  for  the  (own  of  Acton. 


Microscopical  Examination. 


Chemical  Examination  of  Water  from  Fort  Pond,  Littleton,  and  Magog  Brook  and 
Magog  Pond,  Acton. 

[Part*  per  100.000.] 
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Microscopical  Examination. 
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ABAMS, 

Wateb  Sdfflt  of  Adams  Fire  District,  Adams. 
rhe  advice  of  the  State  Board  of  Health  to  the  Adams  Fire  Dis- 
:t  with  reference  to  an  additional  supply  of  water  may  be  fonnd 
pages  10-13  of  this  volume. 

rhe  present  sources  of  supply  are  Basset!  and  Dry  brooks,  on 
h  of  which  there  is  a  small  reservoir.  An  auxiliary  supply  is 
.aiued  from  a  well  of  the  Renfrew  Manufacturing  Company  in  the 
lage,  and  during  the  drier  portion  of  1895  a  small  additional 
mtity  of  water  is  said  to  have  been  jumped  from  tubular  wells 
the  Zylonite  Works  in  the  northerly  portion  of  the  village. 
rhe  results  of  analyses  of  samples  of  water  from  these  sources 
I  from  other  sources  investigated  with  reference  to  an  additional 
tor  supply  for  the  Fire  District  are  given  in  the  following  tables. 

Chemical  Examination  of  Water  from  Bassett  Brook,  Adams. 

[P«ru  per  100,000.] 


Microscopical  Examination. 
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ADAMS. 

Chemical  Examination  of  Water  from  Dry  Brook  in  Adams  and  Cheshire. 
[Fim  ptr  100,000.] 


Odor,  vary  film  or  none. No.  14180  wu  collected  from  Um  brook  about  1  mile*  abon  lb* 

rmervolr;  No.  14302  Jn.lbclow  vhq  romd  croinlog  above  the  Mild  mill  tod  2.6  mild  above  the  remvoli; 
Kot.  14MS  ud  1MM  from  tin  raauvolr;  No.  IftOSi  from  the  brook  Jwt  above  th*  roaarvolr. 


Microscopical  Examination. 

mber  of  organlrau  wa«  found  Id  each  o 


Chemical  Examination  of  Water  from  the  Well  of  the  Renfrew  Manufacturing 
Company,  Adams. 

[Part*  per  100,000.] 


Odor,  utrao. The  aunplaa  won  oolleeted  from  ■  faucet  at  tbo  pomplng  nation. 

Microscopical  Examination. 
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lical  Examination  of  Water  from  a   lobular   Well  at  the  Xylonite  Works 
in  the  Northerly  Portion  of  the  Village  of  Adams. 

[Porta  per  100,000.] 


■dor,  MM. The  eemple  ni  collected  from  one  ol  the  mill  < 


Microscopical  Examination. 


Chemical  Examination  of  Water  from  South  Brook  in  Cheshire. 
[Ptm  per  100,000.] 


Mor,  mi?  feJntljr  Tagcuble. The  AM  lamp)*  wu  MUesM  from  the  brook  below  the  und  mill, 

■  •.lot  anile  from  the  point  where  the  brook  Jolni  the  Hooeu  River;  the  eecond,  from  the  brook 
a  (he  eead  mill,  about  a  mile  from  the  pout  where  the  brook  Joins  the  rirer. 


MicrqKopical  Examination. 

inmber  of  orftoUme  vu  f oond  In  this  u 
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is. 
Chemical  Examination  of  Water  from  Tbphet  Brook  in  Adams. 

[Parti  p«  100,000.] 


Odor  of  Ih*  lint  Htopla,  not  dataralnad ;  of  tb*  moond,  mj  faintly  TugeUbltt,  beoomlo  j  •oroenhit 

•  ironfti  olid  mouldy  on  baallnf. Tha  umplca  war*  collected  from  tb*  brook,  a  a  rood  oraaabif 

about  l.io  nllMabor*  lia  mouia. 

Microscopical  Examination. 

»0.  141W.     Not  tuinlUHl. 

No.  1HT1.    Ad  iDilgnlAoant  onmbar  of  orgaolama  wu  found  la  Ihla  aampla. 


Chemical  Examination  of  Water  from  Ike  Boosae  River  and  from  Fisk  and 
Anthony  Brooke  in  Adams. 


[Parti  par  100,000.] 
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fnw  tto  U.vm,-  Ktvw  a)  a  railroad  trwma:  ion  •r.-iv  Onelrt  Harbor;  tha  tblrd  from  Flii  or  Deu 
Rt\v-»  ]u»  Moi  IVrt'a  Fall* ,  the  Wl  frean  A»tkonj  Brook  Jnat  belo-  tac  road  from  Saroj  Centn  l» 


,a  iBHtntBaut  aaiabar  of  orfastamt  rm  foaod  ta  «a*b  of  Ikeat  an 
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ADAMS. 

Chemical  Examination  of  Water  from  Various  Ground  Water  Sources  in  the 
Vicinity  of  Adams. 

[Parte  per  100,900.  J 


Odor  of  14880,  faintly  vegetable  and  dlttgreeable,  disappearing  on  heating;  of  ih*  other  aimplei, 

wna. Tb*  eamplee  wan  collected  u  follows :   No.  11305  from  »  leit  pit  SO  feci  from  tb*  Hume 

Irror  M  Ibe  wan  tide  of  Uw  Boelon  *  Albany  Railroad,  1,000  feet  eonth  of  Ibe  railroad  bridge  over  tho 
tooaaa  River,  jut  tbora  Cbnblra  Harbor;  Ho.  I4s8i,  from  the  writ  epring  of  the  Brown  Paper  Com. 
•oj;  No.  14980,  from  Folleit'a  Spring,  oppoilia  Follou'.  lime  worka,  In  Ibe  northerly  part  of  Adami; 
M  remaining  eamplee,  from  teat  walla  In  Uw  »a]ley  of  U»  Hooeae  BITOT,  about  balf  a  mite  above 
beeldre  Harbor. 

Microscopical  Examination. 

No.  11506.    HUcollaDOont,  Zodffftn,  4,000. 

No.  11388.    Diatomaaeae,  Synriira,  1. 

K0.148W.    Dlatomaoeio,  DiaUmia,  l;  MnfcuJa,  1;    PtunuhtHa.l;  Syntdra.K.    Tolal,  80. 


Tater  Supply  op  Amebbury. — Powow  Hill  Wateb  Company. 
The  advice  of  the  State  Board  of  Health  to  the  Powow  Hill  Water 
ompany  relative  to  taking  an  additional  supply  of  water  from  the 
■ouiid  near  Main  Street  in  that  town  may  be  found  on  pages  13 
id  14  of  this  volume.  Analyses  of  samples  of  water  collected 
3in  the  present  and  other  sources,  in  connection  with  the  investi- 
tion  for  an  additional  supply,  are  given  in  the  following  tables. 
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AMESBUBY. 

Chemical  Examination  of  Water  from  Tubular  Wells  supplying  Open  Basins 

near  Main  Street 

[Part*  per  100,000.] 
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Odor  of  the  first  urn  pie,  faintly  unpleasant,  disappearing  on  heating;  of  the  second  sample,  none. 
-  The  samples  were  collected  at  the  pumping  station  on  Main  Street. 


Microscopical  Examination. 

The  total  number  of  organisms  per  enbic  centimeter  found  In  each  of  these  samples  was  as  follows : 
No.  14242, 104;  No.  14840, 888. 


Chemical  Examination  of  Water  from  Thirty-six  Tubular  Wells  near  Market 
Street,  and  from  an  Open  Distributing  Reservoir  supplied  from  these  Wells. 

[Parts  per  100,000.] 
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14243 

May     4 

Slight. 

Cons., 
white. 
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18.90 

.0000 

.0182 
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.0030 

.0000 

.2772 
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.0010 

Odor  of  the  first  sample,  none;  of  the  last,  distinctly  unpleasant. The  first  sample  was  collected 

at  the  pumping  station  on  Market  Street,  and  the  last  from  a  faucet  connected  with  the  upper  reserrolr 
and  the  Market  Street  station. 


Microscopical  Examination. 

No.  15167,  Fungi,  Crenothrix,  1.    Miscellaneous,  Zodglaea,  7.    Total,  8. 

No.  14243,  Diatomaoesa,  AaUrionella,  82;  8yrudrat  16,000.    Vermes,  Anurea,  24;  Rotatorian  ova,  1. 
Total,  16,067. 
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AHESBUBT. 

Chemical  Examination  of  Water  from  a  Tubular  Test  Well  in  Amesbury. 

[Put*  DM  100,000.] 


Microscopical  Examination. 


Chemical  Examination  of  Water  from  EimbalTt  Pond,  Amesbury. 

[Put*  pet  100,000.] 


i,  beoumlng  rtrongsr  on  hasting. Tbli  pond  li  Dot  nj«l 


Microscopical  Examination. 

DUttnuoui.  AititiiHuthi.St;  OydoMIo.t;  Cyntbttia.l;  SpWtmla.1;  lYagttaria.lli  Sfelotira, 
U;  JITarfcvla,  11;  «««>/arln,l;  Synrtira,  I1S3;  7b4eHOrta,  10.    Alg»,  CTtxferliim,  1 ;  /Vimlriium,  1; 
'ungt,  OnuMrfa,  *.  Khliopodi, /IcifnojjArii',  1.   InfmorU,  /Jtrcoaryim,  27;  Ztnotrjnm 
.;  Jn«n,l.    V»™m,  BX4A*-,  a.    HltulUDMiu,  ZoBgtaa,  U.    Total,  MS. 
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AMDOVEB. 

Wateb  Scfflt  of  Andover. 
Chemical  Examination  of  Water  from  BaggeWs  Pond,  Andover. 

(Parte  par  100,«H  ] 


Average*  by  Yeart. 


I  November,  J  January  to  April.  f  February,  March  and  April. 

;,  faintly  vegetable. Tho  uunplci  wore  collected  from  I  fan 


Microscopical  Examination. 

ralame  per  cable  centimeter  loiind  In  there  (ample*  « 


Water  Supplt  of  Arlington. 
Works  for  the  supply  of  the  higher  portions  of  the  town  were 
completed  in  the  early  part  of  1895.  The  supply  is  drawn  from 
twenty-five  2  J-inch  tubular  wells  located  at  the  edge  of  the  Great 
Meadows,  near  the  Boston  &  Maine  Railroad,  opposite  the  East  Lex- 
ington station.  The  wells  have  an  average  depth  of  about  35  feet. 
Water  is  forced  from  the  wells  to  a  covered  iron  tank,  40  feet  in 
diameter  and  60  feet  high,  situated  on  Arlington  Heights.  The 
capacity  of  this  tank  is  565,000  gallons. 
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ARLINGTON. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Arling- 
d,  with  reference  to  this  source  of  water  supply,  may  be  found  on 
iges  7  and  8  of  the  annual  report  for  1894,  and  analyses  of  samples 
'  water  collected  during  the  investigations  for  an  additional  supply 
ay  be  found  in  the  annual  reports  of  the  Board  for  1892  and  1893. 

Chemical  Examination  of  Water  from  Tubular  Wells  at  East  Lexington. 

(ParU  pet  100,0(10.] 


Odor  of  tb*  Brat  and  laat  aamolaa,  Bona;  of  ttaa  aaaoad,  decidedly  dlugnaabla ;  < 
«lj  Tagatabla  and  awaatlah. Tha  aamplM  wan  oollc 

Microscopical  Examination. 

Mo.  Hits.    Fonrl,  OwiMi,  0.    atlafwllanaou,  Zoty ism,  M.    Total,  U. 
No.  14M3.    MtucellanaoiH,  ZoCglma,  MS. 

Ho.  1M00.    Fnatl,  OmaOrim,  s.ooo. 
No.  i»«7B,    hod,  OwwHrtt,  1,34*. 

emieal  Examination  of  Water  from  the  Storage  Beservoir  of  the  Arlington 
Water  Works. 


[Parta  par  100,000.] 


Odor,  decidedly  Tefetabla,  gluey  and  mouldy. The  aampla  waa  collected  from  the  reaerrojr. 

Microscopical  Examination. 

Jjmophjtrm,  Anabmo,  1.400;     CtatArocyitii,  BM;    Oalatphariam,  M0.    Aigia,  I'tdiudrum,  I 
"a,  JfiflKW,  60.     Total,  S,IM. 
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ASHBURNHAM. 

pical  Examination  of  Water  from  Upper  Naukeag  Pond,  Ashburnham. 


PLANTS. 
?,     •        •        • 

onella,  . 

ell*, 

ra,    .  •       . 

arte,  .       .       . 

hyceee, 

nopedla,  . 
jyatla,      . 

occna, 

Hum,       .       .       . 

istnim,     •       •       • 

ANIMALS. 

la 

ryon, 

ryoD  cases, 
nlnm,       .       • 

»ea,  Cyclops, . 
*      •       •       .       • 


[Number  of  organisms  per  cable  centimeter.] 

• 

1895. 

Feb. 

April. 

July. 

Aog. 

16 

18813 

10 
14122 

24 
14681 

13 
14801 

0 
0 
0 
0 


0 
0 


0 
0 
0 


8 

1 


pr 


0 
0 


0 
0 
0 


13 


62 


7 
2 
3 
1 

0 

0 

2 

64 

50 

40 

48 
2 

12 
28 

44 

282 

40 

4 
0 

270 

4 
2 

0 
0 
0 


.01 


o 

4 
1 


80 
0 
0 


•02 


3 

o 

8 
0 


193 


387 
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ATHOt. 

Water  Supplt  op  Athol. — Athol  Water  Company. 
Chemical  Examination  of  Water  from  the  Large  Reservoir  in  Philliptton. 

[Parti  per  100,000.) 


Averages  by  Tears. 


Microscopical  Examination  of  Water  Jrom  the  Large  Reservoir  in  Phillipston. 


IMS. 

Jin. 

F»b. 

M.r. 

»., 

July. 

Hfpt. 

K.„ 

■ 

14 

IS 

B 

11 

» 

e 

1S8S5 

13SD3 

139M 

142CS 

»«30 

16213 

15iSf 

TLANT8. 

4 

■ 

g 

1> 

0 

800 

S5I 

J 

s 

i 

■J 

I 

"! 

K 

i 

a 

0 

I 

1,750 
1,780 

37,000 

7UD 
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ATHOL. 

al  Examination  of  Water  from  the  Large  Seservoir  in  Phillipston— 
Concluded. 

[Nnmber  of  org»nlimi  per  anbla  e«nt!motar.] 


1MB 

J.n. 

F«b. 

Hit. 

M.j. 

Joly 

w. 

Hot. 

PLANTB-Con. 

0 

■ 

0 

a 

* 
1 

0 

■ 

11 

50 
1 

T 

■ 

0 

1 

ASIHAL8. 

IH 

144 
S4 
B 

0 

1 

Hi 

150 

4 

1 
1 

f,«T 

1,600 
M 

3*0 

0 
0 

1 

0 

■ 

0 

t 

0 

s 
0 

ICO 
D 

H 
1 

« 

0 

I 

0 
0 

■ 

0 

0 
0 

BO 

■ 

0 
0 

.H 
.04 

204 

S4S 

2,<R'l 

'     40 

l.TW 

s7,kh 

i,m 

emical  Examination  of  Water  from  Newton  Reservoir,  Afhol. 

[Porta  per  100,000.] 


i  falmlT  regeublo,   dlnppairjiig  on  heating. Tba  umpla  waa  collected  from  lb* 

Microscopical  Examination. 

m,  AiUrlontlla,  t;  Melotlra,  8;  Syntdra,  2.  Algm.  Olnorapin,  3;  Pnloateaii,  14; 
.  Fnngl,  O-noUrfS,  1.  InflMOrt*,  Dlnubrynn,  125;  Dlnobryon  cam,  14;  /'srfjinluni, 
,  I»i>Ufa,  .04.    Total,  230. 
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ATTLEBOROUGH. 

Viemical   Examination  of  Water  from  Faucets  in  Atileborough  supplied  from 
the  Attkborougk  Water  Works. 

[rarta  perl  00,000.] 


Oder  of  Um  Aral  unpin,  totj  faintly  earthy,  becoming  otronger  on  healing;    of  the  tecc 
Idedly  tarty;  of  ths  third,  dletlnct,  fragrant,  disappearing  on  boating;  of  the  tut,  none,  uecom 

uwtly  vegetable  and  onplcaiant  nn  healing. The  (MB  p  lei  were  col  lectod  from  h  yd  ran  M  on  del 

he  Oral  and  laat  on  Foreit  etrert;  the  aecond  400  i sot  off  force  main  from  the  pumping  atalioi 
Uudptpe;  the  third,  on  Robert  Street.  The  hydrant  on  Robert  Street  vaa  fltuhed  the  day  be! 
impat  waa  nolleeled. 

Microscopical  Examination. 

So.  147*7.  Fungi,  Cmolhrix,  8,000. 
Ho.  HTM,  Fnngl,  Crrnothriz,  S.OW. 

No.  11970,  Kungl,  Vrtnuthrix,  4,100. 

Chemical  Examination  of  Water  from  Orr's  Pond,  Atileborough. 


Odor  of  Ihe  aecond  aampla,  none;  of  the  other  aamplea.  distinctly  vegetable,  mouldy  or  grassy, 
Orr'e  Pond  la  located  Joni  below  the  well  of  the  Attleuuruugb  Waior  Works,  al  the  confluence  of 
n  Mil*  Blwraod  Four  Mile  Brook. 

Microscopical  Examination. 

Tha  no  m  bar  nf  organlima  per  cublo  centimeter  found  In  Bacb  of  thoae  tarn  plea  »u«i  follows  :  "So. 
X,  I;  Ho.  lo047, 33;  Mo.  lien,  »T;  Mo.  1M4»,  234. 


94 
AVON. 
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Water  Scpplt  of  Avox. 


Chemical  Examination  of  Water  from  the  Welt  of  the  Avon  Water  Works. 

[PirU  per  100,000.] 


ItUS     Sep:.    «    s™.         None.         .00       1.00 


Odor,  nono. Ths  umple  wm  oollecied  from  •  fuicet  M  ih.i  pumping  atttloD  while  pumping. 

Microscopical  Examination. 

No  ornmlimi. 

Water  Supply  of  Ayer. 
Chemical  Examination  of  Water  from  the  Well  of  the  Ayer  Water  Works. 

[Parti  per  100,000.] 


Microscopical  Examination. 
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t 

BARRE. 

Water  Supply  op  Barre.  • 

Population  in  1895,  2,278.  The  works  are  owned  by  the  Barre 
ater  Company  and  were  completed  in  October,  1895.  The  source 
supply  is  a  small  storage  reservoir  in  the  northerly  part  of  the 
nu  in  which  the  water  from  several  springs  in  the  vicinity  is  coi- 
ned. Water  from  springs  in  another  watershed  is  also  diverted 
:o  this  reservoir  by  means  of  700  feet  of  open  trench  and  about 
100  feet  of  earthern  pipe. 

The  combined  watersheds  tributary  to  the  storage  reservoir  cou- 
rt about  275  acres  of  hilly  country,  half  of  which  is  wooded,  the 
nainder  being  largely  pasture  land.  There  are  a  few  houses  on 
3  watersheds. 

The  storage  reservoir  was  made  by  excavating  in  a  depression  and 
ilding  a  dyke  around  the  edges,  material  for  the  dyke  being  taken 
>m  the  excavation.  The  bottom  of  the  reservoir  is  of  hard  pan. 
i  area  when  full  is  4.25  acres,  its  depth  10  feet,  and  its  capacity 
,000,000  gallons. 

Water  is  distributed  by  gravity.  Distributing  mains  are  of  cast 
>n  and  service  pipes  of  wrought  iron  lined  with  cement. 
The  advice  of  the  State  Board  of  Health  to  the  Barre  Water  Com- 
ny  relative  to  taking  water  from  this  source  as  a  public  water 
iply  may  be  found  on  pages  8  and  9  of  the  annual  report  for 
94,  and  analyses  of  samples  of  water  collected  during  the  investi- 
tion  with  reference  to  a  water  supply  may  be  found  on  page  83  of 
j  same  volume. 

Water  Supply  of  Belmont. 

(See  Waterlown.) 

Water  Supply  of  Beverly. 

(See  Salem,) 
BlLLERICA. 

The  advice  of  the  State  Board  of  Health  to  J.  Nelson  Parker  and 
iere  of  the  town  of  Billerica,  with  reference  to  the  use  of  Nutting's 
nd  in  that  town  as  a  source  of  public  water  supply,  may  be  found 
pages  14  and  15  of  this  volume.  Analyses  of  samples  of  water 
lected  at  different  parts  of  the  pond  are  given  on  the  following 
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BILL  ERIC  A. 

Chemical  Examination  of  Water  from  Nutting's  Pond,  Billerica. 

[Put*  par  100,000.] 


ilronger  on  hosting. The  wimplee  were  collected  from  the  pond  at 

o.  14032  at  Ibe  nuieviiy  where  Iho  pond  In  craned  by  the  Mlddlmi 

turnpl  tc ;  No.  14723  from  the  neat  aide  Dear  the  road;  Ho.  IS2-J5  from  wen  end  or  weet  hall  of  pond;  No. 

lKSOfromeaatendoIwetl  half  of  pond.  N0.1K27  from  middle  of  eaat  half  of  pood. 


Microscopical  Examination  of  Wnlcr  from  Nutting's  Pond,  Billerica. 


1BB3. 

„.„>. 
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1SM0 
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ANIMALS. 
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BILL.ERICA. 

leroscopical  Examination  of  Water  from  Nutting's  Pond%  Bitlerica—  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1*95. 

March. 

July. 

Sept. 

Sept 

Sept. 

ANIMALS -Con. 

0 

0 
0 

0 

0 

0 
0 

.04 

0 

0 
0 

0 

1 

0 
1 

0 

1 

1 
0 

0 

0 

0 

0 

0 

.10 

632 

22 

117 

13 

40 

Water  Supply  op  Boston. 

The  results  of  analyses  of  water  from  reservoir  No.  6  given  on 
ges  98-101  indicate  that  the  quality  has  remained  about  the  same 
last  year,  that  there  has  been  no  large  growth  of  organisms  and 
at  during  the  period  of  summer  stagnation  there  has  been  only  a 
mparatively  small  accumulation  of  the  products  of  decomposition 
the  bottom  of  the  reservoir. 

The  color  of  the  water  supplied  to  the  city  from  the  Cochituate 
orks  in  1895,  as  indicated  by  the  averages  of  analyses  given  on 
ge  115,  again  shows  a  slight  increase  over  the  previous  year. 
le  higher  color  of  recent  years  is  due,  as  noted  in  previous  reports, 
the  increasing  proportion  of  Sudbury  River  water  supplied  to  the 
ty. 

As  stated  in  the  annual  report  for  1894,  the  odor  of  the  water  of 
ystic  Lake  became  extremely  offensive  in  the  latter  part  of  1894 
d  early  in  1895,  so  that  many  of  the  water  consumers  found  it 
cessary  to  obtain  well  or  spring  water  for  drinking.  This  condi- 
m  continued  through  the  winter  for  a  period  of  several  weeks,  but 
d  quality  of  the  water  improved  with  the  breaking  up  of  the  ice 
►on  the  lake. 

The  water  of  Stony  Brook  above  Reservoir  No.  3,  and  of  the 
lervoir  itself,  has  been  unfavorably  affected,  during  this  year  as 
it,  by  work  incidental  to  the  construction  of  Dam  No.  5  and  the 
ipping  of  the  basin  to  be  formed  by  this  dam.  In  consequence  of 
is  work  the  use  of  water  from  reservoir  No.  3  has  been  avoided,  as 
r  as  possible. 
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BOSTON. 

Sudbust  River  Sltplt.  —  Chemical  Examination  of  Water  from  Indian  Brook 
at  Head  of  Reservoir  No.  6,  BopUnton. 

[F«n»  per  100,000.] 


witie  oollected  from  the  t 


Sudbury  River  Sdppi.v.  —  Chemical  Examination  of   Water  fro. 
No.  6,  Ashland,  collected  near  the  Surface. 

[Purti  per  100,000.] 


Notb  to  smlyw.  of  MM:    Odor 
le  table  al  end  of  Boiton  ualyiee. 


HENRY  F. 

JGHAN 
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1  HEN 

VAUC 

PLIES.  LIBI 


BOSTON. 

Scdbcet  River  Supply.  —  Microscopic al  Examination  of  Water  from  Bes- 
ervoir  No.  6,  Ashland,  collected  near  the  Surface, 
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BOSTOX. 

Jcobcbt   Rivkb  Scpplt. —  Microscopical  Examinnlion  of  Water  from  Reser- 
voir No.  6,  Ashland,  collected  near  lite  Bottom. 

[Number  of  orgnn1«i»  per  on  bio  eonltmelar.] 
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BOSTON. 

Scdbuhy  River  Supply.  —  Chemical  Examination  of  Water  from  Cold  Spring 
Brook,  at  Head  of  Reservoir  No.  4,  Ashland. 

[P»ru  par  1W.WQ  ] 


Averages  by  Tears. 


Microscopical  Examination. 

The  average  number  of  organlinu  per  cubic  centimeter  fouud  Id  Iheie  mmples  ni  eg. 
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BOSTON. 

BiTBR  ScrPLT.  —  Chemical  Examination    of   Water  from   Beseruoir 
So.  4,  Ashland. 

[Part*  par  100,000.] 


Averages  by  Years. 


*  Juno  to  Dccaraher. 


par  100,000  being  .007S. The  lamplei  »«ra  collected 

>l  booemth  tba  curlnoo.    For  monthly  resold  of  helgbl  of 
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BOSTON. 

Sudbdk*  RiTER  Supply.  ■■  Microscopical  Examination  of  Waterfront  Reservoir 
No.  4,  Ashland. 

[Number  of 
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BOSTON. 

Scdbcrt  River  Scpplt. —  Chemical  Examination  of  Water  from  Eescrvoir 
No.  4,  Ashland,  collected  Twenty  Feet  beneath  the  Surface, 

[Pilli  pot  100,000.] 


Odor,  dlitlncilr  vejeUble  and  iweotlsh.    Iron,  .0019. 

Microscopical  Examination. 


SimBCRT  Biter  Scpplt.  —  Chemical  Examination  of  Water  from  Reservoir 
No.  4,  Ashland,  collected  near  the  Bottom. 

[Put!  per  100,000.] 


Microscopical  Examination. 


.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  107 

BOSTON. 

dbubt  Rivek  Scpplt. —  Chemical  Examination  of  Water  from  Reservoir 
So.  2,  Framingham. 

[P«rU  p«r  100,000.] 


Average*  by  Years. 


to  aualjtr*  of  HW :  Odor,  T«|»t»blt. The  umptoi  won 

u-booM,  M  *  dapth  of  8  hat  bantaih  the  surface.    For  mon 
At,  —  ubli  ml  and  of  Botun  uulyrxM. 
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BOSTON. 

Scdbdkv  KiVEii  Supply.—  Microscopical  Examination  of  Water  from  Reter- 
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BOSTON. 

dbcrt  Riyeh  SUPPLY.—  Chemical  Examination  of  Water  from  Walker's 
Brook,  Marlborough. 

(P»m  j»r  loo.ooo.] 


Averages  by  Fears. 
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BOSTON. 

Sudbght  RlVEK  SCFFXT.  —  Chemicai  Examination  of  Water  from  Stony  Brook, 
at  Bead  of  Beservoir  No.  3,  Southborough. 


Averages  by  Years. 


Nnr«  to  nn.lj-MII  of  IflOj. 
at  a  depth  of  1  fool  beneath 


Microscopical  Examination. 

.nt.ni.  per  cubic  cetitlmiiter  found  Id  tfceK  ampin 
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BOSTON, 

Scdbukt  River  Scpplt. —  Chemical  Examination  of  Water  from  Beservoir 
No.  3,  Framingham. 

[Pirti  pei  100,000.] 


Averages  by  Yeart. 


to  idiIth* of18V5 :  Odor,  ngeuble  urid  ocoiloonlly onplouDl.bi 

|. Too  •ampin  wcra  collected  from  the  rcurrolr,  near  Ibe  fait 

1*  nrftea.    For  moolhlf  record  of  height  of  witer  In  Ihla  re»em>li 
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BOSTON. 

Scdbukt  River  Supply.  —  Microscopical  Examination  of  Water  from  Reser- 
voir No.  3, 
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BOSTOX. 

iiiiTLTATE  Scftlt. —  Chemical  Examination  of  WaUr  from  Lake  CocMluate, 
in  Wat/land, 

stm 


Averages  by  Tears. 


nalfM*  of  1895  :  Odor,  goDerall  J  vogoUblo, 
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BOSTON. 

BITOATE  Works.  —  Chemical  Examination  of  Water  from  a  Faucet  at  Ike 
MauachusctU  Institute  of  Technology,  Boston. 

[Fattapw  100,000.] 
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Averagti  by   Year*. 
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BOSTON. 

Cochituate  Works.—  Examination  of  Water  frort 

the  of  Technology,  Boston. 
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BOSTON. 

Mystic  Supply.  —  Chemical  Examination  of  Water  from  Mystic  Lake. 

[Put*  per  100,000.] 


Averages  by  Tears. 


IMTf 

ISM 
1M> 

WO 
1M1 
1MJ 
IMS 
19H 
ISM 

- 

- 

"1" 

J. 

1  u'l  0731 
'    1  ^ 

■""I  ■ 

■oooi'i    . 

Jl  - 

tA 

■  thin  DIM  Minpln  ni  collect*!  !l 


Ion   to  IDBlfHa  of  1S06  :  (Mor,  pnenlly   unplaSUOt  or  dlilETeeiblC;  In  Fctirniry  Hid  Morch, 
in.    Tbe  odor  wu  generally  iirc-Dfar  on  he«llng. The  simple!  were  collected  from  Ihe 
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BOSTON. 

Mvstic  SL'PrLT.—  of  Water  from  Mystic  Lake. 
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BOSTON. 

Jtstic  Scpply.  —  Chemical  Examination  of  Water  from  a  Faucet  in  the 
Charlest&wn  District  of  Boston. 

[Parta  per  100,000.] 


Odor,  decidedly  moat j  and  very  dlaagneable. The  .ample  ih  collected  at  the  Slate  Prims. 

Microscopical  Examination. 

;  Synedra,  17.    Algm,  ZoStporn,  3.    Fungi,  Crenothrte,  63.    Infiiaorla, 
■,  Zmfglaa,  IH.    Total,  278. 

te  showing  the  Heights  in  Feet  above  Tide-marsh  Level  on  the  First  of  Each 
Month  of  the  Water  in  the  Lakes  and  Storage  Reservoirs  of  the  Boston  Water 
Works,  from  which  Samples  of  Water  were  collected  during  the  Year  1895. 
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Watek  Supply  of  Bradford. 
tie  advice  of  the  State  Board  of-  Health  to  the  Bradford  Water 
pany,  relative  to  the  introduction  of  a  new  eupply  from  John- 
i  Pond  in  Boxford  and  Groveland  and  as  to  the  improvement  of 
existing  supply,  ia  given  on  pages  15  and  16  of  this  volume, 
yses  of  samples  of  water  from  Johnson's  Pond  may  he  found  on 

164  of  the  annual  report  for  1894. 
le  works  of  the  Bradford  Water  Company  were  taken  by  the 

of  Bradford  on  April  1,  1895,  and  works  for  the  introduction 

new  supply  from  Johnson's  Pond  were  partially  constructed  at 
nd  of  1895,  but  as  yet  no  water  has  been  supplied  to  the  town 

this  source. 
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bbaintree. 
Watee  Supply  of  Brainthee. 
i  August,  September  and  October  the  water  from  the  Braintree 
F-gallery  was  affected  by  the  presence  of  an  excessive  amount  of 
i,  as  will  be  seen  by  reference  to  the  analyses  in  the  table  below, 
iron  oxidizes  on  exposure  to  the  air  and  precipitates,  causing 
a  milky  turbidity  and  then  a  rusty  precipitate.  Information  as 
he  effect  of  the  presence  of  iron  in  ground  waters  may  be  found 
he  explanatory  note  on  page  75. 

nical  Examination  of  Water  from  the  Filter-galiery  of  the  Braintree  Water 
Works. 


I  uu>lTM*Df  UM :  Odor,  Id  Jinmrf  ud  July,  d 
infer;  in  N oTembsr,  faintly  iwhiI.Ii;  *i  other  i 
ippeued  on  baaUof. Tb*  •unplet  were  colleci 
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BRAINTREB. 

Microscopical  Examination  of    Water  from  the  Filter-gallery  of  the  Braintrte 
Water  Work*. 

[Number  of  orguliou  par  cubic  centimeter.] 


Water  Supply  op  Bridgewater  and  East  Bridgewater.  — 

Bridgewaters  Water  Compant. 
During  the  year  1895  nine  tubular  wells,  each  6  inches  in  diame- 
ter, were  added  to  the  works.  These  wells  are  located  about  1,000 
feet  east  of  the  pumping  station,  in  a  line  at  right  angles  to  the  course 
of  the  river,  and  are  about  200  feet  apart  in  the  line.  They  are 
from  90  to  165  feet  in  depth  and  are  sunk  in  rock,  the  surface  of 
which  is  from  30  to  50  feet  beneath  the  surface  of  the  ground.  An 
analysis  of  a  sample  of  water  from  one  of  the  wells,  which  is  160 
feet  deep,  is  given  on  the  following  page. 

Ckemieal  Examination  of  Water  from  the  Wells  of  the  Bridgewaters  Water 
Company. 
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Microscopical  Examination. 
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BIUDGEWATEK  AMD  EAST  BBIDQEWATEIt. 

nieat  Examination  of  Water  from  a  New  Tubular  Well  of  the  Bridgewalers 
Water  Company. 

[Pane  par  109,000.] 


Wor.  BOB*. The  eemple  waa  collected  from  ■  new  tubular  well  100  feel  Id  depth  and  locale 

i  i,0oo  feat  fui  of  the  pumping  elation. 

Microscopical  Examination. 

Water  Supply  op  Brockton. 

Themical  Examination  of  Water  from  Salisbury  Brook  Storage  Reservoir, 
Brockton. 

[Parti  par  100,000.] 


Averages  by  Tears. 


'  JnoB  to  December. 


Bsrjaea  of  IBM :  Odor,  mjraluble,  frequently  becoming  aonMirhat  wronger  oo  heating. 

rare  toUaMad  from  th«  raaarvolr  near  the  gale-homa,  1  root  baneaih  the  mrface.    For 
rd  of  height  of  water  In  tile  reeartolr,  eeo  page  124. 
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BROCKTON. 

!e  showing  Height  of  Water  in  Salisbury  Brook  Storage  Reservoir,  Brockton, 
on  the  First  Day  of  Each  Month  in  1895. 

{Hon.  —  Olgh-weter  mark  la  M.tt  feat.] 
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Wats. 
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s 

ISM 

•  A  boot  April  1, 1W,  the  water  I 


■  railed  temporarily  11  lnehea  above  nigh-water  m 


Watbe  Supply  op  Beookfield. 
rhe  advice  of  the  State  Board  of  Health  to  the  town  of  Brook- 
d,  relative  to  taking  an  additional  supply  of  water  from  South 
id  in  that  town,  may  be  found  on  pages  16  and  17  of  this  volume, 
alyses  of  samples  of  water  collected  during  the  investigation  for 
additional  supply  are  given  below. 

Chemical  Examination  of  Water  from  South  Pond,  Brookfletd, 

[I-arte  per  100.000.] 


d  from  the  pond,  at  the  ot 
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BROOKFTELD. 

Microscopical  Examination  of  Water  from  South  Pond,  Brookfield. 

[Nombar  of  orgmnlim*  par  oobio  ccntlmeier.J 
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MT 

380 

Chemical  Examination  of  Water  from  Five  Mile  Biver  and  Furnace  Pond,  •** 

Brookfield. 

[Puti  pet  100,000.] 


I.]     EXAMINATION  OF  WATER  SUPPLIES.  127 


BROOKFIELD. 

apical  Examination  of  Waterfront  Five  Mile  River  and  Furnace  Pond% 

Brookfield. 

[Number  of  organism*  per  cubic  centimeter.] 
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BBOOKS1ELD. 

Chemical  Examination  of  Water  from  Bice's  Mill-pond,  BrookfieUL 

[P«rtt  par  100,000.] 


Odorof  thsflntumplB.ngauble;  of  the  ■•and,  nans.  beaomlng  dlttlncllr  readable  ou  btaHag. 
—  The  -amnion  wort  collected  from  Ktea'*  ram.pond,  about  ooe  mil*  aoolh  of  Brookflald  vlllam.oii  lha 
ream  which  jelim  [he  Qinboig  River  ne»r  the  Brookfleld  nlntlon  of  the  Boston  S  Albany  Railroad. 

Microscopical  Examination. 

The  lota]  number  of  organiam*  par  cable  OMIlmalar  found  id  each  of  tbeae  aamplee  wu  aa  follow*: 
o.  14011,  IN;  So.  U3M,  12S. 


Water  Supply  of  Brookline, 

Chemical  Examination  of  Water  from  a  Faucet  at  the  Low-service  Pumping 

Station  of  the  Brookline  Water  Works. 

[Parti  per  100,000.] 


ury   Dialriet  of  the  lit  v  of 


Microscopical  Examination. 

irgaulimt,  generally  Crtnothrix,  wu  fot 
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BROOKLINE. 
liemieai  Examination  of  Water  from  the  Covered  Beservoir  of  the  Brookline  Water 
Work*. 

[Parta  par  100.000.] 


Noti  io  analyna  of  1M6 :  Odor,  Done. Ttat  .ample,  wars  collected  from  Ihe  raaerrolr. 

Microscopical  Examination. 

An  ImljinlBtam  dumber  of  orgaulama,  generally  Ormothrbt,  >u  found  Id  toeae  aanplaa. 

emical  Examination  of  Water  from  Charles  River,  opposite  the  F\Uer-gaUery 
of  the  Brookline  Water  Work*  at  West  Boxbury. 

[ParU  par  100,000.] 


Justly  »egat*Ma  Mid  1  reqnently  monld y. 
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cambridge. 

Water  Supply  op  Cambridge. 
Chemical  Examination  of  Water  from  Fresh  Pond,  Cambridge, 

[Pmrtji  p«l  1 00, WO.] 


Averages  by  Years. 


Notb  loanityKiof  IBM :  Odor,  vegelnble,  frequently  hecomln 

on  basting. The  unpin  were  colluded  from  the  pump  well  a 

reeord  ot  height  ol  mtar  la  iMi  pond,  tee  pago  13*. 
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CAMBRIDGE. 

M  icroscopicul  Examination  of  Water  from  Fresh  Pond,  Cambridge. 

[Number  of  orgmUmi  per  cubic  centimeter.] 


i  « 


m  a 
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CAMBHITOJE. 

oscopicai  Examination  of  Water  from  Stony  Brook  Storage  Reservoir, 
WaUham. 

[Number  of  orgiui iim  par  cubic  centimeter.] 
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K  5        * 

i  "      . 
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X  s 
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CAMBRIDGE. 

le  Shooing  Heights  of  Water  in  Fresh  Pond  and  in  Stony  Brook  Storage  Reser- 
voir on  the  Fir$t  Dag  of  Each  Month  in  1895. 

[Helgbte  ere  In  l«i  »bo»»  Cambridge  city  tine.] 


FBESH  POSD.    Hioh  Watk.,  UM. 

STONY  BROOK  RESERVOIR.     RotLWAT,  61.00. 
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Water  Supply  of  Chelsea. 
(See  Boston,  Mystic.  Work*.') 


Water  Supply  op  Cheshire.- 
Themical  Examination  of  Water  from 


-  Cheshire  Water  Company. 

the  Reservoir  of  the  Cheshire  Water 


[Parte  per  100.000.] 


'dot.  f»lnil j  unpteuant, 


—  Tbe  •implo  wn  cull oc led 


Microscopical  Examination. 

u  lnelfnUlcnnt  number  of  orfuleme  wee  fonnd  Id  tble  eimple. 
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Wateb  Supply  op  Cbebteh. 
Chemical  Examination  of  Water  from  the  Austin  Brook  Betervoi 
Chester  Water  Work*. 

[Perta  pur  100,000.] 


Odor  of  the  flr»t  earn  pie,  Done;  of  the  Hcoud,*ery  faintly  vegetable. Tbe  eamplea  were 

from  the  ntervolr. 

Microscopical  Examination. 

No.  HK1,  DlHlomnceB,  Jfertdiou,  9,  tfavlcula,  1;   Synedra,  U.    Fangl,  CUidolhrlx,  2;   O 
a.    UUeellueoui,  ZaUgiaa,  St.    Total,  93. 

Ho.  HMO,  Fuojl,  OwuUrtK.1;  J(oWj,2.    Total,  a. 

Water  Supply  op  Chicopee, 
Chemical  Examination  of  Water  from  Cooley  Brook  and  the  Cooley  I 
Reservoir,  Chicopee. 

[Parte  per  100,000.1 


Note  to  annlywa  < 

>f  IMS:  Odor,  vegetable  or  none;  fa  May,  vegm 

Cooley  Brook  Keaervoi 

ir. 

Microscopical  Examination. 

jle  and  nnpleeeaol. 1 

i  Lbo  conhuiiit;  lbs  oil 
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CHICOPEE. 

Chemical  Examination  of  Water  from  Morton  Brook  Reservoir,  Chicopee. 

[Pull  per  100,000.] 


otx  to  vaijKM  of  IMS :  Odor.  vataubla  or  nooa. Tho  nmplti  ware  oollaalad  from  tha  raw- 

Sficrotcopical  Examination. 

Tw  aTtraga  nnmber  ol  orgulama  pat  cnblc  oastlmatar  found  Id  Urn*  nmplaa  waj  IE. 

Chemical  Examination  of  Water  from  Dingle  Brook  Beservoir,  Chicopee. 
[Part*  par  1 00,000. J 


MieroKopical  Examination. 
ba  number  of  orajuiau*  pat  anble  oantlmaUr  found  In  tfaeac  m 
i.uaN,M«i  Mo.  1SJM,  240. 
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CLINTON. 

Wateb  Supply  op  Clinton. 

teal  Examination  of  Water  from  the.  Sources  of  Supply  of  the  Clinton  Water 
Works,  Sterling. 


lor  of  No*.  14W0  and  15803,  di.llnelly  vegetable;  of  No.  14*51,  dlitincilj-  vegetable  and  nnplaaaanl; 
15803,  decidedly  vogttabla  nnd  mouldy;  erf  No*.  15S04  and  14853,  falnUy  Tegotable;  of  the  laaltwo 

a,  none, The  eamplee  wet*  collected  u  followa :  No.  14*50,  from  Fitah'a  Pond  eui  the  ehore ; 

M,  from  Filch'*  Pood  al  lb*  deeps*!  part ;  No.  14831,  from  K«ywood'i  Pond  near  the  *hore;  No. 
from  Haywood'*  Pond  DO  feat  above  tba  dam ;  No,  15804,  from  Bprlng  Baaln,  our  tba  gala.honae; 
IMS,  1580*  and  1M08,  from  Lyndea  Pond. 


ntcopical  Examination  of  Water  from  the  Sources  of  Supply  of  the  Clinton 
Water  Works,  Sterling. 
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COB  ASSET, 

of  Water  from  the  Tubular  Wells  of  the  Cohussel  Water 
Company, 

[PmrU  pai  100,000.] 


nam  as*. 


turn 


Average*  by  Yean. 


Microscopical  Examination. 
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COHA9SET. 

Chemical  Examination  of  Water  from  a  Tubular  Test  Welt  in  Cohassct. 

[Puti  pur  VKflOO.] 


Microscopical  Examination. 


Wateb  Sopplt  op  Conoobd  amd  Lincoln. 
Chemical  Examination  of  Water  from  Sandy  Pond,  Lincoln. 

[Pi.ru  ft  100,000.] 
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cottage  citt. 
Water  Supply  op  Cottage  Cttt.  —  Cottage  City  Watee 

COHFANY. 

temical  Examination  of  Water  from  the  Springs  of  the  Cottage  City  Water 

Company. 

[Put*  p*r  100,000.] 


i  iu  oollHtod  from  ■  fnuwt  M  tb«  pumping  lUtloi. 

Microscopical  Examination. 


Water  Supply  op  Daltok  Fire  District,  Dalton. 

tntieal  Examination  of    Water  from  the  Upper  Reservoir  on  Egypt  Brook. 

[Put*  per  100.0DU.J 


Microscopical  Examination 

■toil.  CWnottrtm  1W. 
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DBDH4M, 

Watee  Supply  op  Dedham. —  Dedbah  Watee  Cojipant. 

Chemical  Examination  of  Water  from  the  Well  of  the  Dedham  Water  Company. 

[Para  par  100,000.1 


Averages  by  Tears. 


•  Judo  to  December.  f  January  10  May.  I  April. 

Note  to  analyaaa  ol  1881 :  Odor,  code. The  isroplei  ware  collected  from  ■  faucet  at  Iho  pDDp- 

iDsmilgp. 

Microscopical  Examination. 

No  tirjranlimi . 

DlGHTON   AND   SOMERSET. 

The  advice  of  the  State  Board  of  Health  to  James  H.  Flint  and 
others  (petitioners  for  incorporation  as  the  Dighton  and  Somerset 
Water  Company,  relative  to  taking  the  waters  of  Muddy  Brook  and 
Segreganset  River  and  their  tributaries  in  the  town  of  Dighton,  and 
water  from  any  wells  in  these  towns)  may  be  found  on  pages  18-20 
of  this  volume.  Analyses  of  samples  from  various  sources  investi- 
gated are  given  below. 
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DIGHTOV  AND  SOMERSET. 

Chemical  Examination  of  Water  from  Muddy  Cove  Brook,  Dighton. 

[P»IU  per  100,000.] 


Microscopical  Examination. 

DUtomaooes,  TabtUarla,  3.    Infoeorla,  Dinobryon  bum,  1.    Total,  4. 


Chemical  Examination  of  Water  from  the  Segregated  River  and  its  Tributaries, 
Dighton. 

[Vara  pat  100,000.] 


Odor  of  theflrat  two  umplfi,  vory  Mall*  nplablt ;  of  the  third  and  fourth,  dlailncily  vegetal 

Hlul,  nana. The  aamplei  were  collected  u  fullowi:  No.  13S2V  from  Puafcen  Brook  el  a  r 

■inciibont  half  »  mile  above  tu  Inaction  with  th*  Segregaaaet  River;  No.  1BS30  from  thoSegreger 
w  abent  two  mile  out  of  th*  village  of  North  Dighton ;  No.  14203  from  the  Begreganacl  River  at. 
afoortbe  of  a  mile  from  In  month  and  Joel  above  lte  oonfjaeoca  with  Floe  Swamp  Brook ; 
(from  Pin*  Bwemp  Brook  Dear  lu  confluence  with  the  Segregsneet  River ;  No.  1382T  from  a  apt 
Pine  Swamp  Brook  about  hall  a  mile  north  of  the  village  of  Dighton. 


rfca  total  number  of  ot 


Microscopical  Examination. 


,;  No.  14304,  W;  No.  18837,  o 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


DIGHTON  AMD  SOMERSET. 

Chemical  Examination  of  Water  from  Wells,  Dighton. 

[Parti  par  100,000.] 


a 
2 

Arr.^c 

IS 
1 

„„.„.. 

j 

H1T.OOI. 

! 

I 

i 

1 

I 

1 

I 

i 

3 

| 

j 

| 

i 

i«os 
una 

u*7    t 

Nona. 

.«. 

Odor.  Don* The  lint  wnpltvu  collected  from  ■  tubular  well  In  the  ■ 

BInr  about  ball  a  mile  from  lu  confluence  with  tbe  Tountou  Illvor;  the 
nUey  of  tbe  Bagrefanael  Elver  a  abort  dlatuce  bolow  Pine  Swamp  Brook. 


Microscopical  Examination. 


Water  Supply  of  Easthampton. 
Chemical  Examination  of  Water  from  Ba&sett  Brook,  Easthampton, 

[Paru  per  100,000.] 


Odor,  regulable. Tbe  umplei  «n  collected  from  a  faucet  el  tbe  pumping  lutlou. 

Microscopical  Examination. 
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EASTOK. 

iter  Supply  op  Nobth  Easton  Village  District,  Eastoh. 

rmieal  Examination  of  Water  from  the  Well  of  the  North  Eaaton  Village 
District. 


(Pan*  p*r  100.000.] 


5 


—  The  unpin  wu  oolletled  from  ■  I tooet  al  lbs  pumping  Mi 


Microscopical  Examination. 


Edgartowtt. 

"be  advice  of  the  State  Board  of  Health  to  Joseph  K.  Nye,  rela- 
te taking  the  water  of  certain  springs  in  Edgartown  for  a  public 
er  supply  for  that  town,  may  be  found  on  page  20  of  this  volume, 
ilyges  of  samples  from  Lily  Pond  and  from  tubular  test  wells  in 
jartown  are  given  in  the  following  tables. 

Chemical  Examination  of  Water  from  LUy  Pond,  Edgartown. 

[P.rtip»r  100,000.] 


Microscopical  Examination, 

p»r  oabln  « 
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XDGABXOW1T, 

Chemical  Examination  of  Water  from  Tubular  list  Wells,  Edgartovm. 

(Pana  par  100,000.] 


Odor  of  the  Bnlumple,  Done;  of  the.  ■eiond,  dlstfDot,  bcnomlng  decidedly  mould;  ond  anplauul 

00  heating;  of  lha  lest,  dletlnotly  earthy,  becoming  leea  atrong  on  heating The  flret  and  eeeond 

•ample*  wera  collected  from  a  lubular  vail  about  two  mile*  tooth  of  the  Tillage;   lbs  laai  (ample 
from  a  tubular  vail  at  WlDlDckal  Bottom,  about  two  mile,  from  too  Tillage. 


Microscopical  Examination. 

No.  H300.    No  orgaolama. 

No  1M03.    Fungi,  Jtaldt,  1.    MUcellaneon*,  ZtHtyfeu,  41.    Total,  4! 

Ho.  16628.    No  organlama. 


Chemical  Examination  of  Waterfront  Chcbacco  Lake  in  Essex  and  Hamilton. 
[Part*  per  100,000.] 


I,  becoming  stronger  00  heating. The  .ample  wa*  collected  from  toe 

Microscopical  Examination. 


Water  Supply  op  Everett, 

(See  Buskin,  Mystic  Works.) 
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FAIBHAVEN. 

vtzr  Supply  or  Fairhaven.  —  Fairhavem  Water  Company. 
acai  Examination  of  Water  from  the  Tubular  Wells  of  the  Fairhaven  Water 
Company. 

[Ptnt  p«r  100,000.] 


■*,    On  hemltnj,  Ndi.  »W7  ud  1S1M  bud  ■  Motif  fegeUbls  odor. Tha  umplc* 

Microscopical  Examination. 

.    Fongl,  OmoJArfa,  1.     MlKtllMOOn.,  Zoiglmi.  10.     ToUl,  11. 

.    Fnnji,  Ot*noliiHx,)>;  Xoldt.  11.    HHMUUMM,  Ceoffitt,  X.    ToUI.lt. 


Wateb  Supply  op  Fall  Riteb. 
Chemical  Examination  of  Water  from  North  Watuppa  Lake. 

[Put*  par  100,000.] 


ad  tb«  laM  from  the  (ila-homa  it  lie  lake. 

Microscopical  Examination. 

inu  ptr  oablo  otDtimator  found  Id  euh  of  Ibe* 
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rrrcHBTTRG. 

WATEB   SUPPLT  OF  FlTCHBUBG. 
Chemical  Examination  of  Water  from  Scott  Reservoir,  Fitchburg, 

[Part,  [wr  lOO.oOO.] 


Average*  by  Yean. 


m  vt 

•  June  to  December. 


3J  (eel,  NovnmboT  19,  V>l**U 


onilly  ileo  nnpl«n»ni  or  mouldy. Tit 

nry  19,  24  feet ;  May  IB,  38  feci;    AnguSd 
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FTTCHBUllG. 

oroscopical  Examination  of  Water  from  Scott  Beservoir,  Fitchburg. 

[Number  of  organisms  per  cable  centimeter.] 


1S93. 


Feb. 


May. 


Aug. 


Nov. 


amlnatloo, 
f  sample, . 

PLANTS. 

acece,    . 

lonella,     .       . 

nets,         . 

telle, 

ma,    •       . 

Ira,    ...       . 

olat  .... 

Ira 

larla,  . 

•hyceee, 

coccus,     ... 
mopedia,  •       .       . 

odeemus, .       .       • 

srium,  . 

coccus,  • 
idiom, 

desmot,  . 
BStram,  . 

tores,  .       .       . 

ANIMALS. 

la 

»ryon,       ... 
»ryon  eaeee, 
■,.... 

tnlom,       •       • 
telomonae,       .       . 

h       .       .       . 

rthra, 
tr,  . 
thra 


20 
13850 


IT 
14810 


21 
14870 


20 
16570 


0 
0 
0 
0 
0 
0 
0 
0 


0 
0 


0 
0 
0 
0 
0 
0 
0 


498 

70 

0 

0 

0 

208 

1 

100 

48 


0 
0 


14 

0 
0 
12 
0 
I 
0 

1 


8,557 

4 

0 

3 

124 

83 

1 

8,272 

120 


0 
6 


78 

60 
0 
0 

11 
0 
7 
2 


755 

4 

4 

1 

0 

070 

0 

12 

68 


2 
0 


40 

0 
82 
2 
4 
2 
0 
0 


82 

0 
0 
0 
82 
0 


0 
1 
0 


421 

0 
420 
0 
1 
0 


4 
1 
2 
0 


141 

2 
0 
2 
130 
1 


1 
0 
0 
1 


8 

0 
0 
0 
8 
0 


0 
0 

4 
0 


0 

0 

24 

44 

83 

036 

8,805 

863 
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FITCHBUBO. 

Chemical  Examination  of  Water  from  Meeting-htnut  Pond,  Westminster. 

[Parte  per  100,000.] 


Averages  by  Teart. 


' 

1SS3 

1HB1 

IMS 

: 

■ 

... 

2.38 

0.88 

.0000  .0187  .0118 
.001 1 L  0140.0118 

.0023  .0000 
.0020  .MOO 

.not !  o.o 

Microscopical  Examination  of  Water  from  Meeting-house  Pond,  Westminster. 

[Number  of  orfanterai  per  on  Me  cenllmeler.] 


lit 

J.n. 

»„ 

Mi  j. 

,.„ 

«. 

.... 

Diiy  of  elimination 

It 

13076 

14020 

14316 

24 

14608 

IB 

inn 

M 
1M7T 

PLANTB. 

t 

0 

10 

T 

> 

H 

is 

H 

14 

if 

4 

1 

So.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  155 

PTTCHBURG. 

Microscopical  Examination  of  Water  from  Meeting-house  Pond,  Westminster  — 

Concluded, 

[Number  of  orgtniema  per  cubic  cenllmeter.] 


»» 

Mm. 

V.j. 

Jolj. 

w. 

Nov. 

PLANTS -Con. 

0 

e 

0 

i 

■ 

0 

1 

8 

71 
2 

T3 

0 

1 
N 

15 
11 

0 

H 

S2 
W 

n 

10 

31 

sa 
1 

n 

0 

0 

0 
0 

ARIUALS. 

0 

SM 
108 

1 

sit 
■n 

1 

4 

1 

M 

0 

1 

1 

a 

■ 

10 

0 

1 

a 

» 

M5 

usj       M 

in 

n 

Water  Supply  op  Foxborodgh  Wateb  Supply  District, 
foxborough. 

lemieal  Examination  of  Water  from  the  Tubular  Wells  of  the  Foxborough  Water 
Supply  District. 

[Part*  par  100,000.] 


<  ill  oollMlod  from  m  faocet  at  iho  pumping  station  while  pumping. 

Microscopical  Examination. 
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framingham. 

Water  Supply  op  Fbamingham. — Fbamingham  Wateb 

Company. 

Chemical  Examination  of  Water  from  the  Filler-gallery  of  the  Framingkam 

Water  Company. 

[Pi.rU  per  100,000.] 


I).  :$. 

Averages  by  Years, 


Chemical  Examination  of  Water  from  a  Faucet  in  South  Framingham,  supplied 
from  the  Works  of  the  Framingham  Water  Company. 

[Parti  per  100,000.'] 


Odor  of  Ibe  flrat  cample,  none,  becoming  very  faintly  vegel 
QDplaaaant,  disappearing  oo  beating;  of  Ibe  third,  decidedly  ti 
tarry  OB  stating. 
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'  FRAMINGHAM. 

emieal  Examination  of  Water  from  the  Underdraw  beneath  the  Sewers  at 
Framingham. 


Averages  by  Years. 


yt*  to  analya*a  of  1»8:  Odor,  frequently  faintly  earthy  or  roney,  often  none;  on  heeling 

ma  anpkuul  or  dlaagTHable. The  aaoiple*  wcrs  collected  from  (be  underdraln  at  lie  outlet 

be  exception  of  No.  USM,  «hkh  wii  collected  from  a  manhole. 

M  aualyile  of  1880  •«  made  before  ww ikb  w"  admitted  to  the  eewera.    Several  of  the  anelyae 

■  UM  and  tboaa  of  the  yean  1BS1  to  ISM  Inclutlte  were  made  by  the  city  of  Boiton. 
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FRAMIKGHAM. 

Microscopical  Examination  of  Water  from  the  Underdrain  beneath  Ike  Sewers  at 
Framingham. 

[Number  of  orginlinu  per  cable  centimeter.] 


Water  Supplt  of  Franklin.  —  Franklin  Water  Compant. 
Chemical  Examination  of  Water  from  the  Wells  of  the  Franklin  Water  Company. 

[Perte  per  100,000.] 


Microscopical  Examination. 

The  STernce  number  of  orgenleme  per  cubic  centimeter  found  In  thole  eimplet 
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GARDNER. 

Water  Supply  op  Gardner.  —  Gardner  Water  Company. 

Chemical  Elimination  of  Water  from    Crystal  Lake,  Gardner, 

[Pun*  p*r  100,000  ] 


Averages  by  Tears. 


Hon  to  analjaaa  of  18BS :  Odor  of  I  he  lint  and  lut  mm  plea,  nana,  bosoming  distinctly  I 

■alluf ;  of  the  second  sample,  distinctly  vegetable,  disappearing  OD  heating. The  tint 

unpLaa  were  collected  frum  faueata  In  the  town  mid  tht  lut  from  Crystal  Lake. 


Microscopical  Examination. 


The  total  no  raber  of  organisms  par  coble  centimeter  I 
r«.l»«rl.H;  r/o-14«W,WS;  No.  1M0D.M.  Tba  numba 
IJ  So.  M«a,  To;  No.  1UM,  4. 
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gloucester. 

Wateb  Supply  op  Gloucester. 

The  works  of  the  Gloucester  Water  Company  were  taken  by  the 
city  Oct.  1,  1895. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Gloucester, 
relative  to  its  present  and  prospective  sources  of  water  supply,  may 
be  found  on  pages  20-23  of  this  volume.  Analyses  of  samples  of 
water  collected  during  the  investigation  of  the  present  supply  and 
of  the  proposed  sources  of  supply  are  given  in  the  following  tables. 

Chemical  Examination  of  Water  from  Dike's  Brook  Storage  Reservoir,  Gloucester. 


mouldy. Thn  e»mple»  were  c< 


Microscopical  Examination    of    Water  from    Dike's   Brook   Storage    Reservoir, 
Gloucester. 


MM. 

*„ 

'* 

A,*. 

Hopl. 

Not. 

a 
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» 

7 

8 

UM 

H771 

""" 

PLANTS. 

D 

■ 
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1 

8£K*:   ::::::: 

I 

&i 

f| 

? 

Cyanopbycete,  Mori  ■moped  In 

0 

0 

to 

0 

1 
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1  GLOTTCE9TEB. 

tcroteopieal  Examination  of  Water  from   Dike's  Brook  Storage  Reservoir, 
Gloucester —  Concluded. 


[Number  of  OrganUm 

p«r  cubic  ooollmeier.] 

ISM. 

„b. 

Julj. 

Aug. 

w. 

*„. 

PLANTS -Odd. 

0 

H4 

4 
t 

It 
11 

IS 

21 

ABIHAL8. 

0 

0 

0 

1 

t 
l 

t 

0 

4 
1 

( 

0 

0 

0 

f 

0 

I 

0 

Kb 

103 

» 

M 

Chemical  Examination  of  Water  from  Wallace  Pond,  Gloucester. 

[Pmti  p»r  loo.ooo.] 


Mor,  dlitinett'  ngatebh  .! 


—  The  um  plea  vers  coll  acted  from  Wall 
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GLOUCESTER. 

Microscopical  Examination  of  Water  from  Wallace  Pond,  Gloucester. 

[Number  of  organism*  per  cable  eantlm«tcr.) 


,w. 

rd>. 

«_ 

Am. 

BtpL 

.... 

0 

1ST*) 

J44ZS 

a 

T 
14WB 

i 

1MW 

PLANTS. 

4 
4 

0 

u 

38 

a 

0 

I 

3 

1,DH 

24 

0 

ii,au 

1  60 

*,ooo 
*,ooo 

ANIMALS. 

IT! 
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D 

SOD 
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0 

m 

918 

0 

m 

160 
6U 
0 

u 
1 

MUetOatltoui,  Zoiifkt* 

a 

IB 

163 

o         m 

TOTAL 

in 

584 

1.388 

>,..«, 

ITH 

' 

Chemical  Examination  of  Water  from  a  Faucet  at  City  Hall,  Gloucester,  t 
from  the  Gloucester  Water  Works. 

[Pwuper  100,000.] 


Odor,  vary  Molly  rtgei»ble. 


Alg»,  Frotocoeau, : 


Microscopical  Examination. 
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GLOUCESTER. 

Chemical  Examination  of  Water  from  Various  Surface  Water  Sources  in  Gloucester. 

[PmiH  par  100,000.] 


Odor  of  Not.  13756,  13757,  137611  mod  18701  faintly  Teg»l*b]s;  of  Norn.  IS758  and  13700  dlatlnctly  Tege- 
Uble.    Od  heating,  the  odor  of  N».  13750,  18767  and  13759  >u  dfallnotly  vegetable  mid  nnpleuaot  and 

of  No.  13758  vary  d1aagr«»ble. No.UItt  wu  collected  from  Hultatl'a  Brook  Jnet  above  tbe  dam 

of  Haakell'a  Keaarrnlr ;  No.  1B757,  from  Fern  wood  Lake  at  HomaD'a  lca-hoDH  |  Ho.  13756,  from  Lily 
Pond  Brook  near  the  pumping  elation  of  lb*  Qlouoeeter  Water  Company ;  No.  13759,  from  Normao'a 
Woo  Brook  In  Magnolia  Swamp,  about  J  mile  below  Western  Arennc;  No.  13700,  from  a  brook  la 
Oadar  Swamp  poor  Beonett'e  Hill;  (To.  11701,  from  a  brook  Id  Cedar  Swamp  near  If  agnail*  Atodm. 

Microscopical  Examination. 

The  total  Dumber  of  orfanlam*  par  cublo  otntlmatn  found  loeaoh  of  these  aemplai  waa  aa  follows: 

Bo.  13710,  1;  No.  13767,  236;  No.  13758,  303;  No.  1J7M,  U;  No.  ISilM,  t;  No.  18701, 1. 


Water  Supply  of  Grafton.  —  Gbafton  Water  Compant. 

Chemical  Examination  of  Water  from  the  Filter-galkry  of  the  Qrafton  Watt 
Company. 


Microscopical  Examination. 
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gekkstfield. 

Watee  Supply  op  Greenfield. 

In  the  early  part  of  1895  a  pumping  station  was  erected  on  the 
bank  of  Green  River,  in  order  to  obtain  an  auxiliary  supply  from  the 
river,  but  no  water  was  drawn  from  this  source  for  the  supply  of  the 
town  during  the  year. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Green- 
field, with  reference  to  the  use  of  Green  River  as  a  source  of  addi- 
tional water  supply  for  the  town,  may  be  found  on  pages  23  and  24 
of  this  volume.  Analyses  of  samples  of  water  from  this  source  may 
be  found  on  page  382  of  the  annual  report  for  1894. 


Groton. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Groton 
relative  to  a  public  water  supply  for  the  town  may  be  found  on  pages 
24  and  25  of  this  volume.  Analyses  of  samples  of  water  collected 
from  various  sources  in  the  town,  in  connection  with  the  investiga- 
tions of  the  Board,  are  given  in  the  following  tables. 

Chemical  Examination  of  Water  from  Baddacook  Pond,  Groton. 

[Puta  pei  100,000.] 
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GROTON. 

roscopical  Examination  of  Water  from  Baddacook  Pond,  Qroton. 

[Number  of  organisms  per  cubic  ceotlmeter.] 


1995. 


Mar. 


July. 


Aug. 


Sept 


Oct 


lation,  . 
nple,    .       • 

PLANTS. 

Lla, 

,    •       .       •        • 

C6&,    . 

•tta, 

la,.       .       .       . 

i     .       •       •       • 

a,  . 

08,  ... 

n,  . 
nue,       . 

othrix, . 

ANIMALS. 
,,  Actlnophrya,    . 

o,  . 

d  cases, 

aa,        .       .       . 

m 

oonas,   . 

,  Zotfglcea,    . 


8 
13034 


13 
14015 


6 

14702 


25 
16820 


80 
15481 


1 

470 

103 

27 

0 
0 
0 
0 

1 

808 

140 

6 

1 

10 

11 

88 

0 

0 

4 

4 

1 

4 

0 

18 

0 

250 

21 

8 

0 
0 
0 
0 

6 

4 

240 

0 

0 

0 
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0 
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7 

0 

87 

84 

■ 

4 

0 
0 
0 
0 

0 

81 

4 

2 

0 
72 
10 

2 

4 

0 
0 
0 

8 

0 

0 

0 

881 

88 
100 

24 

6 

184 


0 
0 
0 
0 


21 

5 

14 

1 

1 


0 

0 

0 

0 

0 

1 

0 

i 

0 
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0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

48 

15 

82 

0 

1 

1 


28 


808 


208 


68 


532 
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GROTOX. 

Chemical  Examination  of  Water  from  Martin's  Pond  and  from  Ike  Nashua  Biver, 
Oroton. 

[l'urw  per  100,000.] 


Odor  of  the  flrel  uunple,  deeldedly  dlugrweble;  of  ibe  •wend,  dtitloetly  TegtteMe. The  fin 

Bim. 

Microscopical  Examination. 

The  total  numbcl  of  orjinliDii  pw  cnbic  centimeter  fonnrtln  each  of  then  templet  one  u  followi 
No.  1SB3S,  171;  No.  1*850,  Sit. 


[FBrtt  per  100,000.] 


Microscopical  Examination. 

The  irerage  unmbiir  of  orgenltnn  per  cubic  centimeter  found  In  Iheee  temple*  ™  NT. 
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'  GROTON. 

Chemical  Examination  of  Water  from  a  Spring  and  a  Brook  in  Shattuck's 
Meadow,  about  One-fourth  of  a  Mile  weal  of  Boddacook  Pond. 

(Pmrt*  per  100,000.] 


Microscopical  Examination. 


(Fnu  p»r  100,000.] 


—  Th«  umple  wu  cotlMtad  from  m  faucet  in  thi  ichcx 

Microscopical  Examination. 


Hatfield. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Hatfield, 
rith  reference  to  taking  a  water  supply  from  Running  Gutter  Brook 
l  the  westerly  part  of  the  town,  may  be  found  on  pages  25  and  26 
f  this  volume.  The  results  of  an  analysis  of  a  sample  of  water  from 
lis  brook  are  given  on  the  following  page. 
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HATFIELD. 

Chemical  Examination  of  Water  from  Banning  Gutter  Brook,  Hatfield. 

[P.rt.  j*r  100.000.] 


Microscopical  Examination, 

Alga,  Protococau,  l.   Total,  S. 


Water  Sdpplt  op  Haverhill. 


In  1895  an  additional  supply  of  water  was  introduced  into  the 
city  of  Haverhill  from  East  Meadow  River  in  the  north-easterly  part 
of  the  city,  and  a  storage  reservoir  was  constructed  upon  the  stream 
at  Millvale,  about  half  a  mile  from  the  point  where  it  enters  the 
Merrimack  River. 

The  reservoir  has  an  area  of  about  50  acres  and  a  capacity  of 
about  125,000,000  gallons.  Its  maximum  depth  at  high  water  is  15 
feet  and  its  average  depth  7  feet.  It  was  thoroughly  prepared  for 
the  storage  of  water  by  removing  the  soil,  mud  and  vegetable  matter 
from  the  area  to  be  flowed. 

The  water  from  this  source  is  pumped  into  the  easterly  end  of 
Kenoza  Lake  through  a  24-inch  main  about  one  mile  in  length, 
the  surface  of  Kenoza  Lake  at  high  water  being  18  feet  above  the 
high-water  level  of  the  Millvale  Reservoir, 

The  watershed  of  East  Meadow  River  tributary  to  the  Millvale 
Reservoir  has  an  area  of  7.75  square  miles,  on  which  there  is  a 
very  small  population.  There  is  one  small  pond  on  the  watershed 
about  3  miles  above  the  reservoir,  and  there  is  a  considerable  area 
of  swamp  in  the  vicinity  of  the  river,  a  large  portion  being  located 
within  a  short  distance  of  the  reservoir. 
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HAVERHILL, 

Chemical  Examination  of  Water  from  Crystal  Lake,  Haverhill. 
[Pwti  pat  100,000  ] 


Microscopical  Examination. 


Chemical  Examination  of  Water  frcm  Renosa  Lake,  Haverhill. 

[Parti  p«  100.000.] 


Odor,  n-firtablo. The  urcplea  ware  culltcUd  from  the  like. 


Microscopical  Examination. 

nhlo  continietor  found  Id  each  of  them  umplei  wu  oj  follows 
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HAVERHILL. 

Chemical  Examination  of  Water  from  Lake  SaltonataU,  Haverhill. 
[ram  par  100,000.] 


vngttablo. The  aamplaa  were  collecled  from  the  lake,  whloh  t*  llao  known  u  Ping  Pond, 


Microscopical  Examination. 


of  Water  from  Lake  Pentueket,  Haverhill. 

[Part*  per  100,000.] 


| 

tm^ 

RiaiDca  on 

*_>». 

1 

»»_. 

1 

f 

§ 

i 

| 

1 

i 

i 

1 

I 

j 

i 

I 

1 
p. 

1 

lasse  rcb.n 

15145  Oct.  29 

BlIlU. 

i  i 

.oV.o„ 

„ 

■- 

- 

vegetable. The  umplea  ware  « 


D  the  lake,  which  la  alio  known  u  Rosad 


Microscopical  Examination. 
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HAVERHILL. 

Chemical  Examination  of  Water  from  Eatt  Meadow  River,  Haverhill. 

[P*rt>  pur  100,000.] 


Odor  of  Am  flnt  umple,  very  feintly  vegetable;  of  (be  Mcond,  decidedly  vcgeliblo Tho  flret 

■ample  wu  collected  from  lbs  river  Just  mbove  lbs  paint  where  It  cro.«w  Mllltllle  Roul,  •bout  half  • 
mile  from  !!■  month.   The  Hand  umple  wu  eollecled  from  the  river  >l  Thompeon'i  bridge,  Jut  nbove 


Microscopical  Examination. 

found  In  tuh  af  Lheee  umplee  w. 


Water  Supply  of  Hinohah  and  Hull.  —  Hinoham  Watee 

Company. 

Chemical  Examination  of  Water  from  Accord  Pond,  Bingham. 

[Pert*  per  100,000.] 


implei,  vegetable;  of  the  lut,  non 
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HINGHAM  AND  HULL, 

Microscopical  Examination  of  Water  from  Accord  Pond,  Eingham. 

[Number  of  organism*  per  cable  centimeter.] 


1895. 


March. 


Jane. 


September. 


December. 


Day  of  examination, 
Number  of  sample,  •       •       • 

PLANTS. 
Diatomaceee,    . 

Asterionella,  ... 
Cyclotella, .... 
FragiUria,  •  .  •  . 
Meloetra,  .... 
Bynedra,  .... 
Tabellaria 

Cyanophyceee, 

Anabnna,  .... 
Merismopedla,  .  •  • 
Microcystis,       ... 

AlgreBi  Raphidium, 

ANIMALS. 
Rhizopoda 

Actlnophrys,     • 
Arcella,      .... 

Infusoria,   .... 

Codonella,  •  •  •  • 
Dinobryon, 

Dlnobryon  cases,  •  • 
Peridinlum,       . 

Vermes 

Anurea,  .... 
Rotatorian  ova, . 

Mltcellaneous,  Zo'dgloea,        • 

Total,       .... 


21 
14080 


21 
14512 


21 
15221 


18 
15739 


81 

10 
12 
0 
0 
0 
0 


0 
0 
0 


84 

0 
80 
0 
7 
6 
1 


2 
0 
0 


87 

24 
0 
2 

00 
1 
0 


17 

0 

4 
23 


0 

8 

1 

80 

4 
1 


0 
0 
0 


0 
0 


426 

0 
160 
256 

4 


0 
0 


0 

1 


16 

0 
0 
0 
7 


8 

2 
1 


0 
0 


0 
0 
0 
0 


0 
0 


1 

0 


2 

0 
0 
0 


0 

0 


(0 


457 


116 


120 


71 
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HINGEAM  AND  HULL. 

Chemical  Examination  of  Water  from  Fulling  Mill  Pond,  Hingkam. 

[ParU  par  100.000.] 


Odor,  TogeUbla. Tha  umplaa  wan  solleetsd  from  the  pond. 


Microscopical  Examination. 


Chemical  Examination  of  Water  from  Tubular  Test  Wells  in  Hingham. 
[nuts  par  100,000.] 


Odor,  Done. Tbaaamplea  won  collected  from  tnbnbr  t«t  welli  In  Hingham,  located  m 

ro.  HTM,  Id  lb*  valley  of  Weir  River,  Ju.t  above  Union  Street;  No.  1494a,  at  the  Junctlo 
took*  above  High  Blreet ;  No  14003.  beildi  •  pond  on  Bonlh  rieaaant  Blreet. 


Microscopical  Examination. 
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HDTSDAtiV. 

Wateb  Supply  of  Hinsdale  Fihe  District,  Hinsdale. 

Chemical  Examination  of  Water  from  the  Storage  Reservoir  of  the   Hinsdale 

Fire  District. 

[Part*  ppr  100,000] 


Microscopical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Hinsdale 
Fire  District. 
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HINSDALE. 

Microscopical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Hinsdale 
Fire  District  —  Concluded. 

[Number  of  orgintlma  par  cubic  centimeter.] 


Water  Supply  op  Holbbook. 
(See  Randolph  ) 

Holder. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Holden 
with  reference  to  the  introduction  of  a  water  supply  into  that  town 
from  sources  in  the  towns  of  Rutland  and  Holden  may  be  found  on 
pages  28  and  29  of  this  volume.  The  results  of  an  analysis  of  a 
sample  of  water  from  Pine  Hill  reservoir"  in  Holden  are  given  below. 
Analyses  of  water  from  Muschopauge  Pond  in  Rutland  may  be  found 
under  Rutland. 

Chemical  Examination  of  Water  from  Pine  Sill  Reservoir,  Holden. 

[Pnrta  per  100,000.] 


•,  Incoming  dlMlnctlj  vegetable  on  halting. 

Microscopical  Examination. 

m,  KpUkmla,  1.     InfucoiU,  Vinubri,™,  f,  DtnObryon  ca 
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HOLYOKE, 

Water  Supply  op  Holyoke. 
dvice  of  the  State  Board  of  Health  to  the  city  of  Holyoke 
to  a  proposed  additional  water  supply  for  the  city  may  be 
q  pages  29  and  30  of  this  volume.  Analyses  of  samples  of 
>llected  in  connection  with  the  investigation  of  the  proposed 
of  additional  supply  may  be  found  on  page  ISO. 

Examination  of  Water  from  Whiting  Street  Storage  Beserooir,  Holyoke. 

[P.H.  p.r  100,000.] 


Averages  by  Tears. 

From  Brook  befort  Rttervoir  tea 


: 

■ 

.« 

" 

nori 

.»■ 

From    Rtatrvoir. 


tfay.  X  Decambe 

implc*,  none;  of  the  olhen, 
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HOIiTOKE. 

Microscopical  Examination  of  Water  from  Whiting  Street  Storage  Reservoir 

Eolyoke. 

[Number  of  organisms  per  cubic  centimeter.] 


1S05. 


Jan. 


Feb. 


May. 


Jane, 


Sept 


Not. 


Dec. 


Day  of  examination,      . 
Number  of  sample, 

PLANTS. 
Diatomacera,  . 

Asterlonella,     .        . 
Dlatoma,   . 
Fragilaria,         .       . 
Bynedra,  . 

OyanophyceeB, 

Anabsna, 
Apbanoeapsa,  . 
Miciocyslia, 

AlgT».    .... 

Cbloroeoecus,  • 
Cosmarium,  . 
rrutococcas,  . 
Raphldtum, 
Scenedesmus,  . 
8taura»trum,  . 
duurogenla,  . 
Zoospores, 

Fungi,  Crenothriz,     . 

ANIMAL8 
Infusoria,  . 

Cod  on  el  la, 
Dlnobryoo,       . 
DinobryoQ  cases,     • 
Euglena.   . 
Perldinlum, 
Tlntinnidiura,  . 
Trachelomonas,       . 

Vermes, 

Anarea,    . 
Polyarthra, 
Kotatorian  ova, 
Rotifer,     . 

Crustacea,  Bosmina, 

Miscellaneous  t 

A  carina,    .        .        . 
Zoogluea,  . 

Total,      . 


24 
13709 


28 
13803 


24 
14356 


20 
14535 


26 
15251 


1 
1545S 


100 

23 

46 

17,900 

0 

186 

100 

14 

8 

400 

0 

132 

0 

8 

0 

0 

0 

0 

0 

0 

37 

17,500 

0 

2 

0 

1 

0 

0 

0 

2 

0 

0 

0 

1,450 

ff 

25 

0 

0 

0 

2,450 

0 

0 

0 

0 

0 

0 

0 

20 

0 

0 

0 

0 

2 

6 

0 

0 

16 

0 

2,466 

79 

0 

0 

12 

0 

0 

0 

0 

0 

0 

0 

276 

1 

0 

0 

0 

0 

2,000 

15 

0 

0 

0 

0 

20 

0 

0 

0 

1 

0 

124 

32 

0 

0 

3 

0 

.  8« 

20 

0 

0 

0 

0 

8 

2 

0 

0 

0 

0 

5 

0 

1 

5 

0 

0 

0 

0 

24 
15783 


m 

0 
0 
4 

260 


0 
1 
0 


196 

0 

0 

0 

36 

160 
2 
0 
0 


0 
0 
0 
0 

1 

0 
0 


1 

0 
0 
0 


0 

717 

0 

0 

0 

68 

0 

648 

0 

0 

0 

1 

0 

0 

0 

0 

2 

1 

2 

1  1 

0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


o  : 
o  i 
o 


o 

0 
0 
0 


647 

8 
0 
0 
1 
2 
1 
540 


0 
0 
1 
3 


.04 


121 

0 
0 
0 
0 

1 

0 
120 


0 
1 

0 
0 


17S 

0 
0 
0 
5 
0 
0 
16S 


0 
0 
0 
0 


0 

2 

108 

0 

12 

20 

0 

0 

0 

0 

.20 

0 

0 

2 

108 

0 

12 

20 

103 

32 

887 

20,350 

3,030 

382 

80 

0 

80 


716 
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HOLTOKE. 

Chemical  Examination  of  Water  from  Wright  and  Ashley  Ponds,  Svlyoke. 

[Put*  per  100,000  ] 


Average*  by  Tears. 


*  Jon*  to  Daeamber.                        t  July  «i  OoMbar.  1  Mij. 

Hora  to  *jm] jmi  of  IMS :  Odor,  vegetable. The  umplea  wore  oollectsd  from  Aaaley  Pond. 


Microscopical  Examination  of  Water  from  Wright  and  Ashley  Ponds,  Holyoke. 

[Number  of  organisms  par  coble  eantfmaler.] 


i»». 
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i^pt    j    .W        D«. 
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HOLYOKX. 

Microscopical  Examination  of  Water  from  Wright  and  Ashley  Ponds,  Hoh/ohe— 
Concluded. 

[Nnmb«r  of  orguiiiu  per  onblg  MOttdMtar.] 


ISM. 

.- 

,... 

Hmj. 
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Not. 
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Chemical  Examination  of  Water  from  Tucker  and  Manhan  Brooks,  Southampton. 
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the 

III 

umplo. 
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Microscopical  Examination. 

Ad  1d*Ied1Bcbd1  number  of  org»nl»mi  m  found  In  each  of  Umm  nmplM. 
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HUDSON. 

Water  Supply  op  Hudson. 

Chemical  Examination  of  Water  from  Gates  Pond,  Berlin, 

[ParU  per  100,000.] 


Averages  by  Yeart. 


*  Jim*  to  Docaubor, 

Man  touuljaa*  of  MM:  Odor  of  the  Ant  lour  «mplea,  decidedly  dtugrembla:  of  the  olhem, 
Of  vfgeubl*  or  mm.—  Tha  uinpln  war*  collected  from  Ihe  pnnii.  For  monthly  height  o: 
or  la  thta  pond,  *«•  vac*  111. 
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HUDSON. 

Microscopical  Examination  of  Water  from  Gates  Pond,  Berlin. 

[Number  of  arguilinui  per  eoMc  MMlnMMr.] 


s  m  n  ■ 


Table  showing  Heights  of  Water  in 

[Hlgh—l 

Gates  Pond  Each  Month  during  1895. 

DHL-IMS. 

Teel.     !                        D1B.-IWJ.                             F«t. 

Jul.     15 

Feb.      15 

U.rtbl\ 

April  19, 

»  B:  :::::: 

a 

:  July  15 

■  9*pl'.  K,  '.       '.       '.       '.       '.       '.        '. 

Not.  IS*  '.'.'.'.'.'.       '. 
Dh.    15 

9.1 
t'.l 

io!o 
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HULL. 

Water  Supply  of  Hull. 
(See  Hintjham.) 

i  Supply  of  Hyde  Park  and  Milton.  —  Hyde  Park 
Water  Company. 

[  Examination  of   Water  from  the  Welts  of  the  IJyde  Park  Water 
Company. 

[1'irlip.r  100.000.1 


Averages  by  Yean. 


SH  to  D*«mb«r, 
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HYDE  PARK  AND  MILTON. 

Microacopi&tl  Examination  of  Water  from  the  Willi  of  the  Hyde  Park  Water 
Company. 

[Hnmbtr  of  orfantama  par  cubic  nenllmcter.] 


Chemical  Examination  of  Water  from  a  Faucet  in  Milton  supplied  from  the 

Works  of  the  Eyde  Park  Water  Company. 

[P*n*  per  ioo.ooo.] 


Microscopical  Examination. 

ii  ware  found  la  the  nmplei  collected  Id  April,  June,  Sep 
mil  numbers  of  Crcnoihrli  were  found,  m  followe :  In  Feb 
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HYDE  PARE  AND  MILTON. 

Chemical  Examination  of  Water  from  the  Neponitl  River  at  Eyde  Park. 

[P.m.  p*r  100,000.] 


Averages  by  Yean. 


Won  lo  laalyMt  of  1W6 :  Odor,  jsnormllj  dsddedl j  irtfalabla  *nd  mm 

occullonilly  ofltnalT*. Tbo  «mp]»  wim   colloctod  (torn  the  riror,  opporit 

l'uk  Walw  COBpuif .    The  rinr  laaotuad  dlrtetly  u  *  uutm  of  mtarinp) 
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HYDE  PARK  ADD  MILTON. 

Microscopical  Examination  of  Water  from  the  Ntpontet  River  at  Hyde  Park. 

[Number  of  orgnlinu  per  en  bio  centimeter.] 


I    ■    | 
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IPSWICH. 

Water  Supply  op  Ipswich. 

Chemical  Examination  of  Water  from  Dowi'a  Brook  above  the  Storage  Reservoir  of 
the  Ipswich  Water  Works. 


Odor,  i«i»r*TI;  faintly  ngetable.  ■omcttmei  none.  The  eamnlaa  which  hud  no  odor  when  cold  hid 
ifMabla  odora  whsu  honied,  and  In  Iheotbara  the  odora  Became  ■tronger  andeomellmeaaliio  mould;  on 
■alio*  The  aamplea  w«a  collected  from  the  brook  al  111  entrance  to  the  atorage  reearvolr. 


Microscopical  Examination. 

The  aTaragt  nomber  of  oifanlama  per  cable  centimeter  found  In  Iheea  lamp  lei  waa  43. 
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IPSWICH. 

Chemical  Examination  of  Water  from  the  Dow's  Brook  Storage  Reservoir  of  the 
Ipswich  Water  Works. 

rp»rt.  par  100.000.J 


1 
I 

Arr„««*. 

Evtrou- 

,™™. 

1 

! 

»_- 

7 
E 

| 

| 

| 

I 

5 

1 

3s 

i 

1 

s 

I 

j 

il 

3 

si 

| 

1  IMS. 

VMab  Juii.    5 

DfllErt. 

IS1, 00  Jan.  22 
13381  Feb.  It 

811«ht.    ' 

milky. 

V.  .11  (hi 

Hliyht. 

14373!  M«y  T, 
14431  J  one  24 

Slight. 
Blight. 

1172: 

ism; 

15801 

July  '.B 

S.?pt.2-' 

Oct.  3D 

Dec.  23 

Blight. 
Slight. 
V.  illfht 
HHftat. 

Blight! 

.    . 

Where 

ore.b.oo 

ne  umple 

,H 

collected  Id  ■ 

month  the 

„D 

U»l] 

.Uf 

,1b 

bb» 

™. 

Odor.  generally  vegetable,  often  mleo  mooldy  or  oopleamllt,  seldom  Done.  On  beating,  freq«i 
•tronger  nod  mouldy  or  nnpleuaat. The  imnplei  ware  eolltettd  (mm  the  rnerro1r. 

When  r|]i»  reaervolT  waa  Sued,  In  November,  1691,  .bout  10,000,000  gallon!  of  water  Icon  I 
Brook  were  diverted  lino  It. 


Microscopical  Examination  0/  Water  from  the  Storage  Reservoir  of  the  Ipswich 
Water  Works  on  Dow's  Brook. 

[Nqmber  of  organlimi  per  cubic  centlmeler-1 
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ipswicn. 
Microscopical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Ipswich 
Water  Works  on  /tow's  Brook  —  Concluded. 

[Nnmbar  of  Ditulimi  per  cubls  «Bt!raat*r.] 


Chemical  Examination  of  Water  from  Bull  Brook,  Ipswich. 

[ParW  p»r  100,000.] 


licnttng. Tho  mniplB  « 


Microscopical  Examination. 

DblomuM,  MtleHra,  3;  Mtridton,  9;  Syntdra,  3.     Fungi,  OraaOtrtx,  SS.    Total, 


Chemical  Examination  of  Water  from  Faucets  supplied  fro- 

(Part*  prr  ion.ono.1 


Ipswich  Water  Works. 


Odor  of  Uw  Hm  hiu| 


«,  brcomlBs;  dlMlnctly  Tegsinb 


Microscopical  Examination. 

■H.    M1m»1Iimoi»,  Zotglma,  SO. 

.....     .  "(BMrfra,  8.    Alg*.  JVotoooeem,  1.    Fungi,  Crmethri. 


K«.  1«1*.    IHj 
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IP9WICH. 

Chemical  Examination  of  Water  from  a  Spring  in  Ipswich. 
[Parta  per  100,000.] 


600  leet  above  lb 


rted  from   ■  ip  rlue.  k 


Microscopical  Examination. 


Water  Softly  or  Kingston. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Kingston 

with  reference  to  the  use  of  lead  pipes  in  the  distribution  of  the  water 

supplied  to  the  town  may  be  found  on  pages  30  to  32  of  this  volume. 

i  the  Kingston 


[ram  p 

'"••» 

»] 

■    I 

A„^,OT. 

^T~ 

f 

*") 

.... 

f 

| 

i  i   t- 
1      - 

f  ' 

i 

Jj 

l| 

I 

i 

I 

umL'S*. 

None.       1  V.  slight. 

.03  1     6.10 

.«., 

.«,. 

.0624 

... 

.«. 

Fungi,  Cnnolhrix,  3. 


Microscopical  Examination. 


Water  Supply  of  Lawrence. 
The  following  tables  contain  analyses  of  the  unfiltered  Merrimack 
River  water,  and  of  the  filtered  water  at  the  pumping  station  aud 
at  the  distributing  reservoir.  The  results  of  more  extended  chemical 
and  biological  examinations  of  the  water  before  and  after  filtration 
through  the  sand  filter  may  be  found  in  a  subsequent  portion  of  this 
report. 
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LAWRENCE. 

Chemical  Examination  of  Water  from  the  Merrimack  Biotr  above  Latvreixe,  ■ 
opposite  the  Intake  of  the  Lawrence  Water  Works. 

[ParU  par  100,000.) 


Averages  by  Fears. 


•  Job*  lo  November.       |  Junmiy  to  May.       J  Anioal  M  December.       j  July  lo 

Rem  to  (Ulrica  or  IMS:  Odor,  until  liny,  decidedly  rau.iv  und  disagreeable; 
dnder  of  the  yeer,  dlitioctly  vegetal)!*  and  frequently  lino  mu«ty  or  onoleaiint.  - 
in  eoflcacd  from  the  river,  oppuelUi  the  Intake  of  the  Lawrence  water  wurfc>,  about 
i  Hrfac*.  Foraracord  of  Ibaqoaotlrj  of  water  flowlnglo  the  river  on  ■lutes  when  h 
in  ealeetad  for  analytic,  aaa  pane  10*.  For  a  oomparleon  of  the  annlyea  of  the  river 
1  Lawraoe*  for  a  aerie*  of  y**rt,  an  "  Merrimack  Biver"  In  Lhe  ehapier  on  "Biamlnt 
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Microscopical  Examination  of  Water  from  the  Merrimack  River  above  Lawrence, 
opposite  the  Intake  of  the  Lawrence  Water  Work*. 

[Number  of  organiirai  par  cabin  MM  meter.] 


Miicttlanto* 

,MW_      . 

.|. 

ltd 

- 

0 

636 1       D 

0 

,.| 

a .  wo 

ISO 

a 

Total 

,,„ 

i. 

108 

« 

MO     l,9M 

:.IRS 

8  ;  266 

140 

V 
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LAWRENCE. 

Chemical  Examination  of  Water  from  the  Force  Main  at  the  Pumping  Station  nf 
the  Lawrence  Water  Works. 

[P»ru  per  loo,OM.] 


Font  is  auljtM  of  1804 :  Odor, , 


Vicrotcopical  Examination  of  Water  from  the  Force  Main  at  the  Pumping  Station 
of  the  Lawrence  Water  Works. 

[Nnraoer  of  orgulauM  per  cubic  nntlnwtar.] 
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LAWRENCE. 

Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Lawrence 
Water  Works. 

[Pull  per  100,000.] 


sgcdble.  oflsD  none. Not.  14700  snrt  14890  were  co Heeled  from  Ihe  n 

om  a  faacet  at  the  gale-houM-    The  umpM  repreesol  wticr  flowiog  oi 
vulr  It  supplied  with  Uttered  wilar. 


Microscopical  Examination  of  Water  from  Ihe  Distributing  Reservoir  of  the 
Lawrence  Water  Works. 


!r  of  orginltmi  pel  coble  oenLlmeter.] 
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LAWIIENCE. 

Microscopical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Law- 
rence Water  Work*  —  Concluded. 

[Number  of  crganlimi  pur  cubic  centimeter.] 


Volume  of  Water  flowing  in  the  Merrimack  River  at  Lawrence  on  the  Dates  when 
Samples  of  Water  were  collected  for  Analysis. 


Vmril  nowim  IX  Till 

„„. 

TtSESSSlSiT 

Da*. 

Wi 

Flour  during 

t»*Whol«* 

ISM. 

IB.       It 

4,840 

S.TM 

July  U.   .  ~  .       .       . 

M00 

2,800 

lb.     JD 

3,830 

1,800 

Aoi.ai 

8,140 

2, ISO 

■nhW,. 

8,000 

T.TSO 

e»pi.i 

3,210 

2^40 

bill   IT 

70,450 

T0.M0 

Oct.  u,  ... 

14,380 

18,900 

1     « 

t,4I0 

4,000 

Mot.  20,   ...       . 

14,420 

13,9(0 

a*    IB,. 

Moo 

S.4V0 

Dm.  18 

8.400 

6,690 

Water  Supply  of  Leicester. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Leicester, 
lative  to  taking  an  additional  supply  of  water  from  Asncbumskit 
nd  in  the  town  of  Puxton,  may  be  found  on  pages  32  and  33  of 
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this  volume.  The  results  of  an  analysis  of  a  sample  of  water  from 
this  source,  collected  in  August,  1893,  may  be  found  tinder  Paxton 
in  this  volume. 

Chemical  Examination  of  Water  from  the  WeUs  of  the  Leicester  Water  Supply 
District. 

[Put*  par  100,000.) 


Microscopical  Examination. 

The  ivormgo  uirabar  of  orgsnlirai  pet  en  Mo  ceallmeter  found  Id  IheM  unpin  wu  ISO. 

Water  Supply  op  Lenox. 
During  the  year  1895  the  capacity  of  the  reservoir  on  the  brook 
tributary  to  the  Williams  River  was  increased  and  a  line  of  pipe 
constructed,  by  which  water  is  delivered  to  the  town  by  gravity, 
instead  of  being  pumped  to  the  distributing  reservoir  as  was 
formerly  done.  The  present  capacity  of  the  reservoir  is  estimated 
to  be  about  20,000,000  gallons,  its  area  about  7  acres  and  its  depth 
from  6  to  30  feet.  The  reservoir  was  prepared  for  the  storage  of 
water  by  removing  the  soil  from  the  bottom  and  sides. 

Water  Supply  of  Leominster. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Leom- 
inster  with   reference  to  taking  Fall    Brook   in   that   town    as  aa 
additional  source  of  water  supply  may  be  found  on  pages  33-35 
of  this  volume. 
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XiEOKIM8XKB> 

l  small  dam  has  been  constructed  on  the  stream  flowing  from 
fries  Reservoir,  at  a  point  about  1,500  feet  below  the  reservoir, 

a  pipe  has  been  laid  from  this  dam  to  Morse  Reservoir,  a 
ance  of  about  1,100  feet.  By  means  of  tliia  dam  and  pipe  line 
water  drawn  from  Haynes  Reservoir  can  be  diverted  into  Morse 
ervoir,  and  daring  the  drier  portion  of  1895,  beginning  with  the 
t  of  July,  the  water  drawn  from  Haynes  Reservoir  was  diverted 
i  Morse  Reservoir  and  flowed  to  the  distributing  reservoir  from 

latter  source.  The  deterioration  in  the  quality  of  the  water 
Morse  Reservoir  iu  1895,  indicated  by  the  table  of  averages  by 
rs  given  below,  was  due  to  the  diversion  into  it  of  water  from 
vnes  Reservoir. 

Chemical  Examination  of  Water  from  Morse  Betervoir,  Leominster. 

[P*TU  per  100,000.] 


1  •■ 


Average*  by  Tears. 


■  Jbdi  to  Daeambar. 

to  apalyaaa  of  IMS:  Odor,  Trgauble. Ttaa  i 

t  of  Um  wilar  of  thli  raaarrolr  ma  affected  aflei 
8  HajDaa  raaarroli. 
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Microscopical  Examination  of  Water  from  Morse  Baervoir,  Leominster. 
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:leominsteh. 

Chemical  Examination  of  Water  from  Haynes  Reservoir,  Leominster. 

[FMtt  por  100,000.] 


Averages  by  Tears. 


*  Jnae  to  Dwrabtr. 


200 
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LEOMINSTER. 

* 

Microscopical  Examination  of  Water  from  Haynes  Reservoir,  Leominster. 

[Number  of  organ  lams  per  cubic  centimeter.] 


PLANTS. 
Diatomaces,     . 

Aaterionella,  .  .  • 
M  elect  ra,  .  .  .  . 
Kavlcula,     .        .        .        . 

Synedra 

Tabellarla, . 

Cyanophyce®, . 

Anabnna,  • 

Chroococcua,      .        .        . 
Clathroc)>tte,     .        .        . 
Ccelnnphenum, . 
Mlcrocyaiia,       .       • 

Algae, 

Clo*terlum,  • 

1'ediaatrum,  .  . 

Protoonccus,  .  .        • 

Hcen^depmua,  . 

Ptauraatrum,  •  .        . 

Tetruapora,  .  • 

Fungi,  Crenolhrix, 

ANIMALS. 
Infusoria,    . 

dilated  lofuaorlan,   .       • 
Plnohryon,         .        • 
Dlnohryon  caaea,       • 

EiiKlcna 

Mnllomonaa, 
Perldlnium, 

Vermes,  Polyarthra,  . 


1895. 

Jan. 

March. 

May. 

Aug. 

Sept. 

Nor. 

Day  of  examination 

23 
13098 

21 
14010 

23 
14353 

1 
14734 

20 
15242 

27 
15018 

0 

25 

8,160 

860 

750 

0 
0 
0 
0 
0 

14 
0 
0 
7 
4 

200 

1,150 

0 

50 

1,750 

0 

800 

50 

0 

0 

o 

750 
0 
0 
0 

2 

0 

160 

2,460 

8,600 

0 
0 

1 
1 

0 

0 
0 
0 
0 
0 

0 
0 
150 
0 
0 

1,300 

0 

1,000 

60 

100 

9,300 

100 

200 

0 

0 

24 

8 

260 

680 

850 

0 
0 
0 
0 
0 
24 

0 
0 
0 
3 
0 
0 

60 
50 

0 

100 

60 

0 

0 

50 

4o0 

150 

0 

0 

0 
0 
0 
250 
100 
0 

0 

184 

100 

0 

0 

0 
0 

1 

1 

2 


0 
0 
0 
0 
0 


0 
0 
0 
0 

1 

0 


81 

8 

0 

60 

0 

0 

1 

0 

0 

0 

3 

0 

0 

0 

0 

0 

1 

0 

0 

0 

2 

0 

0 

0 

0 

1 

0 

0 

0 

0 

19 

7 

0 

50 

0 

1 

0 

0 

0 

0 

0 
0 
0 
0 
0 
0 


Mlacrtlaneou*,  Zobgloea,  .... 

0 

112 

800 

0 

0 

2 

58 

833 

3,950 

3,500    !     10,700 

i 

7 
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USOMINSTXB. 

Chemical  Examination  of  Water  from  Fall  Brook,  Leomintter. 

[Parti  par  100,000.1 


Odor,  Ulutlj  ragoLiWs. Tho  Qrat  two  umplia  war.  collected,  reepoetlrely,  from  the  Booth  ul 

North  hranchee  of  F»]l  Brook  when  th.y  oroM  May  Htnat.    The  but  eample  waa  collected  from  Tall 
Brook  al  the  fella,  a  abort  dletanoe  ab«(*  the  Oral  road  eroeelsa;  below  Hay  Street. 

Microscopical  Examination. 

The  (Dial  number  of  orgaalema  per  irablo  centimeter  found  In  each  of  thaee  aamplea  waa  aa  followi : 
WO.  MeM.Mt;  Ho.  1M>1,  M;  Ho.  MM,  >. 

Wateb  Supply  of  Lexington. 
The  works  of  the  Lexington  Water  Company'  were  purchased  by 
the  town  Dec.  10,  1695. 

Chemical  Examination  of  Water  from  the  Pine  Brook  Storage  Beservoir  of  the 
Lexington  Water  Workt. 

[Paiu  per  loa.ooo.] 


*  Where  more  than  oae  umple  waa  oolleeted  In  a  moolh  Ibe  mean  snalyi 
•d  |n  auklnf  Iba  araraaa. 

Odor  of  the  Ural  three  aamplea,  vegetable  and  dlaagreeable;  of  ths  other  • 

■otoe  caoeo  becoming  mouldy  on  heatlni. No.  16*45  waa  collected  Iron 

bod  well*  pnmplugl  Ibe  other  aamplaa  were  collected  from  the  reaerrolr. 
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LEXINGTON. 

Microscopical  Examination  of  Water  from  the  Vine  Brook  Storage  Reservoir  of 

the  Lexington  Water  Works. 

[Number  of  organism*  per  cable  centimeter.] 


PLANTS. 


Dlatomacen, 

Synedra,  . 
Tabellarla, 


Cyanophycese,  CUthrocystis, 

Algn, 

Pediaetrum,     .... 
Protococcue,    .... 

Kapbtdiam 

Staaraetram,  .... 

Fungi,  Crenothrix,    . 


— 1 

1 

1S95. 

Jane. 

Jane. 

Aug. 

8ept. 

Not. 

Nov. 

Deo. 

Dee. 

1 
14891 

28 
14640 

2 
14740 

21 
16214 

1 
16448 

12 
16601 

* 

16632 

U 

16787 

28 

8 


19 

0 
0 

1 

18 


808 

0 

0 

0 

0 

0 

808 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 

0 

0 

46 

0 

9 

m 

1,080 

0 

1,012 

1,041 

0 
0 
8 
8 

0 

282 

0 

0 

0 
640 
640 

0 

0 
0 
0 
0 

1,012 
0 
0 
0 

0 

1,082 

0 

0 

St 

M 

0 

i 

0 

1 

0 

0 
0 


8 

0 


ANIMALS. 


Infusoria, 


Dlnobryon 
Dlnobryon 
Peridlntnm, 


188 

0 
136 
pr. 


€57 

266 
0 
1 


0 

0 
0 
0 


0 

0 
0 
0 


0 
0 
0 


0 
0 
0 


0 

0 
0 
0 


0 

0 
0 
0 


Mi$ctllaneou8,  Zooglaa,      • 


60 


Total, 


191 


606 


266 


1.080 


1,117 


1,042 


323 


Water  Supply  of  Lincoln, 

(See  Concord.) 

Water  Supply  of  Longmeadow. 

Population  in  1895,  620.  The  works  were  built  by  the  town,  and 
water  was  first  introduced  Feb.  1, 1895.  The  source  of  supply  is 
a  small  brook  near  the  center  of  the  town,  from  which  the  water  is 
diverted  into  a  covered  collecting  well.  From  this  well  the  water 
is  forced  by  pumps  into  an  open  iron  tank  22  feet  in  diameter  and 
30  feet  high.  The  brook  has  a  watershed  at  the  point  of  diversion 
of  about  one-half  of  a  square  mile,  and  has  a  very  small  population 
on  its  watershed. 

The  collecting  well  is  30  feet  square  and  8£  feet  deep,  built  of 
masonry  and  covered  with  a  wooden  roof.  Distributing  mains  are 
of  cast  iron  and  service  pipes  of  galvanized  iron.  At  the  end  of  the 
year  1895  there  were  about  68  connections  with  the  mains. 
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LOWELL. 

Water  Supply  or  Lowell. 

Daring  the  year  1895  a  second  system  of  tubular  wells  for 
supplying  water  to  the  city  of  Lowell  was  constructed  in  the  valley 
of  River  Meadow  Brook  just  above  the  point  where  it  is  crossed  by 
the  Old  Middlesex  Canal  in  the  town  of  Chelmsford,  the  wells  being 
distant  about  a  mile  up  the  valley  in  a  straight  line  from  the  nearest 
of  the  system  of  tubular  wells  constructed  in  1892. 

The  new  system  consists  of  about  120  2-inch  wells,  averaging 
about  45  feet  in  depth.  Two-thirds  of  the  wells  are  located  in 
two  lines  12  feet  apart,  parallel  to  the  Old  Middlesex  Canal  and 
about  200  feet  south-west  of  it.  The  wells  are  25  feet  apart  in  the 
lines.  The  remaining  wells  are  located  in  two  similar  parallel  lines 
about  12  feet  apart,  extending  from  the  centre  of  the  other  lines, 
and  approximately  at  right  angles  to  them.  The  wells  in  these 
lines  are  also  25  feet  apart,  excepting  that  there  is  a  break  of  about 
300  feet  near  the  middle  where  there  are  no  wells,  the  material  at 
that  point  being  found  to  consist  of  peaty  soil  to  a  depth  ranging 
from  6  to  35  feet.  Pumping  from  this  system  of  wells  into  the  city 
mains  was  begun  April  5,  1895. 

Eighteen  wells  have  been  added  to  the  original  system  of  wells 
lower  down  the  valley. 

During  the  year  1895  about  66  per  cent,  of  the  water  supplied  to 
the  city  was  drawn  from  the  systems  of  tubular  wells  in  the  valley 
of  River  Meadow  Brook,  the  remainder  being  drawn  from  the 
Merrimack  River. 

The  results  of  analyses  of  samples  of  water  from  the  Merrimack 
liver  and  from  the  two  systems  of  tubular  wells  in  the  valley  of 
iiver  Meadow  Brook  are  given  in  the  following  tables. 

These  results  show  that  the  water  of  the  original  system  of  tubular 
rells  in  the  valley  of  River  Meadow  Brook  just  above  Plain  Street 
as  been  somewhat  harder  than  last  year  and  has  contained  a  consid- 
rably  greater  amount  of  residue  on  evaporation. 

Analyses  of  samples  from  the  new  system  of  tubular  wells  in  the 
illey  of  River  Meadow  Brook  have  been  made  once  in  two  weeks 
id  sometimes  more  frequently  since  pumping  from  these  wells  into 

te  city  mains  was  begun  in  April.     The  results  of  these  investiga- 

>ns  show  that  there  has  been  a  very  great  increase  in  the  color, 

sidue  on  evaporation,  ammonia,  hardness  and  iron  during  the  year, 

e  maximum  being  reached  in  November.     The  iron  oxidizes  on 
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LOWELL. 

exposure  to  the  air,  giving  the  water  at  first  a  milky  turbidity,  and 
subsequently  precipitating  in  the  form  of  a  rusty  sediment. 

Chemical  Examination  of  Water  from  the  Merrimack  River  above  Lowell,  opposite 

the.  Intake  of  the  Lowell  Water  Works. 

[Pan*  par  100,000.  ] 


Averages  by  Yean, 
m  9r¥ 


*  June  to  Dm  ember.  t  January  to  May.  ]  September  to  December. 

Note  to  armlyaei  of  ISM :  Odor,  generally  vegetable  and  mint y  or  mouldy,  sometime*  nnpleaaut 
or  disagreeable. The  samples  were  collected  from  the  river,  about  1  foot  beneath  the  •orraee. 

For  a  comparison  of  the  aoalynei  of  the  river  at  Lowell  and  Lawrence  for  a  aeries  of  years,  tea 
"Merrimack  Elver  "  In  the  cbapter 


Ko.  34.]     EXAMINATION  OP  WATEB  SUPPLIES.  205 

LOWELL. 

'xamination  of  Water  from   Tubular  Well*  in  the  Valley  of  River 
Meadow  Brook,  a  Short  Distance  above  Plain  Street. 

[Pwll  per  100,000.] 


Kor«  to  analjm  of  1SH:  Odor,  In  September,  November  Md  December,  dhrtl net ;  ■!  olberlti 

in*. Tbe  wimples  were  oollsolsd  from  «  fmieei  *t  (he  pumping  »i a» on  while  pumping.    The  i 

r*  locally  known  u  lb*  "  Cook  "  wtllf. 


Microscopical  Examination. 

pjiilmin  par  cubic  MntliMMr  found  In  IbeM  Mmplea  *ni  SI,  cODelitlog 
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Chemical  Examination  of  Water  from  Tubular  Wells  in  the  Valley  of  River  Meadow 
Brook,  a  Short  Distance  above  the  Old  Middlesex  Canal  in  Chelmsford. 


Odor  of  4*T?jj  of  the  other  .ampler.,  none. The  aamplee  wnn  col- 

lected from  •m  station  while  pumping.    The  well*  are  locally  known  at  Uw 

"Hydraulic  Cnrnpany'i"  wella. 

Microscopical  Examination. 
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LUDLOW. 

Wateb  Supply  op  Ludlow. 

(See  Springfield.) 

Wateb  Supplt  op  Ltnn  anb  Saugus. 

Ohcmical  Examination  of  Water  from  Breed's  Pond,  Lynn. 

[Put*  par  109,000.] 


Average*  by  Years. 


•  June  to  Deoeniber. 
me] jtt*  of  1W4 ;  Odor,  generally  yegeUblo,  bocoint"g  Hronger  and 
—  The  eemplee  worn  eollenud  from  lh«  pond  near  the  gale  home,  a 
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LTSW  AND  SAUGTTB. 

Microscopical  Examination  of  Water  from  Breed's  Pond,  Lynn. 

[tfnmbu  of  orgubm*  par  oublo  wmlmsler.] 


!■  IfS  #1: 
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LYNN  AND  SAUGt 

Chemical  Examination  of  Water  from  Birch  Pond,  Lynn. 

[Parta  par  100,000.] 


Averages  by  Yean. 


*  Jnns  to  Desaoibar. 

lalTM*  of  T8S6 :  Odor,  gananll j  Tegatable,  aometlmaa  alao  noplaaUDt,  rarely  nana. 

ra  enllaetad  from  Lbs  pond  sear  tha  fata-hoaae,  1  fool  baoaaih  iba  inrfeee.    A  portion 

iring  tbia  pond  daring  tha  year  waa  painpad  from  ibe  Saogn*  RlTtr. 

*  quality  of  tba  wilsr  of  Ibli  rtvar  too  raporu  for  ISM  and  IBM. 
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LYNN  AND  8AFGU8. 

Microscopical  Examination  of  Water  from  Birch  Pond,  Lynn, 

[Nnmb«ro(oi 


1  i 
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I.YNN  AM)  8AUGUS. 

Chemical  Examination  of  Water  from  Walden  Pond,  Lynn. 

[farw  pat  109^000-] 


Averages  by  Yean. 


tllBy.JuB.udJuly. 


Microscopical  Examination  of  Water  from  Walden  Pond,  Lynn. 


{ITBnibar  of  crfuUai  per  mbla  Mntlmalcr.] 
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T.TNN  AJTD  SATJQU8. 

Microscopical  Examination  of  Water  from  Walaen  Fond,  Lynn  —Concluded. 

[Mnmbn  of  orfulnu  per  cable  atBtUnMer.] 


ISM. 

Moj. 

<_ 

Jul,. 

AS1HALS. 

11 

■ 

1 
1 

a 
.n 

I 

0 

Total, 

m 

K,m 

in 

Chemical  Examination  of  Water  from  Glen  Lewie  Pond,  Lynn. 

IFirt*  p»r  100,000-1 


Averages  by  Tears, 


enemih  the  inrfK*. 
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LYNN  AND  SACOU 
Microteopieat  Examination  of  Water  from  Glen  Lewis  Pond,  Lynn, 
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LYNN  Aim  8AUGC8. 

Chemical  Examination  of  Water  from  the  Savgus  Biver  at  SowleWs  Dam, 

Bangui. 

[Parta  par  100,000.1 


Chemical  Examination  of  Water  from  the  Baugui  Biver  at  the  Line  between 
Saugua  and  Wakefield,  and  just  above  the  Point  where  it  if  joined  by  the 
Wakefield  Branch. 

[Parle  par  100,000.] 


Nine  id  nDilym  of  WBS;  Odor,  Id  January,  decidedly  dlaagreeable :  it  other  time*,  vefetable  and 

imetlrnei  alio  mouldy. The  aem  plea  vara  collected  from  the  Baugue  Klver,  at  •  road  croeerof  el 

in  upper  end  of  Howleit'e  Pood,  jut  above  the  petal  where  the  ilrerla  Joined  by  the  Wakafleld  biaaca. 


.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  i 

TsTirK  AND  SAUGE 

Chemical  Examination  of  Water  from  a  Faucet  in  Lynn. 

(Part*  pur  100,000] 


Microscopical  Examination  of  Water  from  a  Faucet  in  Lynn. 
[NnmtMr  «f  orpurim  pn  eobta  notlaMtu.] 
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LTSN  AlfD  SAtJGTTS.  ' 

Microscopical  Examination  of  Water  from  a  Faucet  in  Lynn — Concluded. 

[Number  of  oiganuuna  par  i 


Chemical  Examination  of  Water  from  Cedar  Brook  above  Sluice  Pond,  Lynn. 

[Parte  per  100,000.] 


Odor,  very  fatally  vegetable,  becoming  atronger  on  heating. 

Microscopical  Examination. 

DktOBuaaaa,  ryagUarUt,  4;  Srntdra,  I.    Fungi,  Ormotlirie,  I.    Total,  B. 

Table  showing  Monthly  Depth  of  Water  in  Feet  in  the  Ponds  and  Storage  Reservoin 
of  the  Lynn  Water  Works  during  the  Year  1895. 


Bleed'!  Pond. 

Blrcb  Fond. 

Walden  Pond. 

OkoW.aPnaA 

IS  M 

3d 

oa 

It 

IH 

• 

ll.M 

In  lh»a  pond*  la  eomaUmaa  railed  aomewluU  above  ordinary  high  w 
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malden,  mebfobd  am)  melrose. 
Water  Supplt  of  Malden,  Medford  and  Melrose. 
Chemical  Examination  of  Water  from  Spot  Pond,  Stoneham. 
[Pirtt  per  100,000.  J 


Averages  by  Yean. 


*  Wbar*  mora  ibu  o»«  aannpls  wm  collMMd  Id  ■  month,  U»  nun  uul]  -■)•  for  U»l  month  hns  be»a 
<d  hi  imklng  lb*  mn|«, 
f  May  »  D«MBb«r. 
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mUHBf)  &EEDFOBD  AND  MEI.ROSE. 

Microscopical  Examination  of  Water  from  Spot  Pond,  Storieham. 

[Ham bar  of  orgulimi  par  coble  cenlf  meter.] 


X  fi 


Table  showing  Heights  of  Water  in  Spot  Pond  on  the  First  of  Each  Month  in  1805. 


„.,.. 

£S: 

D„* 

SB: 

J*o.      I. 

Fe*t 

E» 

Fab..     1, 

fl.01 

March  1, 

8.15 

April    1, 

t.03 

M.y       ] 

2.60 

J  an  i)      1, 

S.« 
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MAIDEN. 

Water  Supply  op  Malden. 

imical  Examination  of  Water  from  Tubular  Wells  at  Maplewood  {Webster 
Park),  Maiden. 

[Psiti  p*r  100,000.] 


Averages  by  Tears. 


it  ISM:  Odor,  non*. - 


Microscopical  Examination. 

,  chlffly  Grtnothriz  »d  Zoigttia,  m  fo 
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Water  Supply  or  Manchester. 
The  works  for  obtaining  a  supply  of  water  for  the  town  of  Man- 
chester were  extended  in  1895  by  sinking  five  4-inch  tubular  wells 
in  the  valley  of  Sawmill  Brook  near  Coolidgo  Spring,  a  short  dis- 
tance above  the  large  well.  The  wells  were  driven  to  depths  rang- 
ing from  27  to  34  feet,  and  water  is  pumped  from  them  through  a 
6-inch  pipe  into  the  large  well  near  the  pumping  station. 

Chemical  Examination  of  Water  from  the  Well  of  the  Manchester  Water  Work*. 

[Pmrt.perl00.00C-] 


Averages  by  Years 

; 

ISM 

18W 

1806 

- 

- 

e.s; 

is 

r 

■"" 

.DOM 

e. The  urnplca  wen  collected  from  the  well. 

Microscopical  Examination. 


Chemical  Examination  of  Water  from  Tubular  Wells  near  Coolidge  Spring,  t 
as  an  Additional  Source  of  Water  Supply  for  Manchester. 

[Part*  per  100,000.] 


A 

i 

AP, 

~™«. 

i 

!.„.>,.. 

"• 

7" 

B 
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s 

! 

\ 

i 

8 

■1 

I 

i 

i 

! 

s 

i 

I 
i 

I          I 

j 

IMS 

14331 

""'■ 

" 

■"■ 

m 

imple  *■>  collected  from  u  pomp  drmwlng  wnipr  from  the  well*. 

Microscopical  Examination. 
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MANCHESTER. 

Chemical  Examination  of  Water  from  Cat  Brook. 

[PutiparMMOB.] 


sollecl*d  from  the  brook,  tboul  hmlt  • 


Microscopical  Examination. 


Water  Supply  of  Mansfield  Water  Supply  District,  Mans- 
field. 

Ckcmical  Examination  of  Water  from  Uu  Well  of  He  Mansfield  Water  Works. 

[Pun  psr  100,000.] 


Odor,  do  mi TlMumpI*  n  oolltotad  from  ■  (moot  ml  the  pumping  it 

Microscopical  Examination. 


Water  Supply  of  Marblehead. 
Daring  the  year  1895  the  email  collecting  well  which  was  built  in 
1893  near  a  small  pond  in  the  vicinity  of  the  pumping  station  was 
replaced  by  a  large  well  constructed  in  the  bed  of  the  pond.  The 
well  is  25  feet  in  diameter  and  31  feet  deep,  and  is  sunk  through 
about  20  feet  of  mud  into  a  bed  of  gravel.  Water  from  this  well 
is  used  at  the  times  when  the  quantity  of  water  furnished  by  the 
original  well  is  insufficient  for  the  supply  of  the  town. 
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MARBLEHEAD. 

Chemical  Examination  of  Water  from  Faucets  in  Marblehead  supplied  from  Uu 
Marblehead  Water  Work*. 

[ParU  per  100,00(1.] 


■  Where  more  thin  one  simp  In  ■■  ooltalad  In  »  mnnih  Ihe  moan  ualjeli  fat  Uul  raonUi  ho*  been 
BMd  Id  making  the  nemge. 

Odor  of  tb«  flnl  ausplo,  f»!utly  mnnly ;  of  the  otben,  noue. 

Microscopical  Examination. 

Ho  arganlnms. 

"Water  Supply  op  Marlborough. 
During  1895  a  storage  reservoir  was  constructed  on  Millham 
Brook  near  its  junction  with  the  Assabet  River,  and  a  short  distance 
below  the  point  from  which  water  has  been  pumped  during  a  portion 
of  the  last  two  years  for  the  supply  of  the  city.  The  reservoir  has 
an  area  of  about  66  acres,  and  its  general  depth  is  about  25  feet. 
Its  total  storage  capacity  when  full  is  315,000,000  gallons,  but  by 
the  present  arrangement  the  available  capacity  above  the  entrance 
to  the  pipe  leading  to  the  pumping  station,  which  is  14  feet  below 
high  water,  is  about  262,000,000  gallons.  The  area  Sowed  con- 
tained a  meadow  having  au  area  of  about  30  acres,  where  the  mud 
was  from  3  to  6  feet  in  depth.  The  mud  was  not  disturbed,  and 
the  only  preparation  which  the  surface  received  was  the  burning  of 
the  grass.  The  bottom  of  the  reservoir  at  the  sides  was  stripped 
of  loam  and  vegelable  matter  above  a  level  10  feet  below  high  water, 
and  the  stumps  were  removed.  The  loam  taken  from  this  portion 
of  the  reservoir  was  used  in  filling  the  shallow  places,  and  was 
covered  with  gravel  to  a  depth  of  6  inches,  making  steep  rilopos 
around  the  shores,  so  that  the  depth  is  generally  not  less  than  6  feet 
at  high  water.     The  watershed,  exclusive  of  the  watershed  of  Lake 
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MARLBOBOUG 

'Villinms,  the  present  source  of  supply,  has  an  area  of  about  3.5 
quare  miles  and  contains  considerable  population,  located  chiefly  a 
he  upper  end. 

Water  from  this  reservoir  will  be  supplied  to  the  city  when  required 
>y  pumping  at  the  present  pumping  station  on  Millham  Brook,  near 
be  upper  end  of  the  reservoir.  By  means  of  this  pumping  station 
rater  can  be  forced  to  the  pumping  station  at  Lake  Williams,  and 
ither  discharged  into  the  lake  or  pumped  again  to  the  distributing 
uservoir  for  the  supply  of  the  city. 

During  the  spring  of  1895  46,500,000  gallons  of  water  were 
lumped  from  Millham  Brook  above  the  storage  reservoir  into  Lake 
Villiams,  the  present  source  of  supply.  This  is  about  a  quarter  of 
le  total  quantity  of  water  consumed  by  the  city  during  the  year. 

Chemical  Examination  of  Water  from  Lake  Williams,  Marlborough. 
[Peru  par  100,000.] 


Averages  by  Tears. 


•  June  to  D«sembcr.  t  March  and  April, 

o  niml/M.  of  1895:    Odor  of  the  Aral  and  laet  aero  plea,  faintly  vegetable;  of  ihe  aecond, 
ling  distinctly  TOfptabl*  and  eoaewhat  unpleaaant  on  heailog;  of  the  third,  distinctly  un. 

appearing  on  heating. The  drat  and  third  eamplei  vera  collected  from  a  faucet  at  Ibo 

Uoo  while  pomplng,  and  the  other  (ample*  from  the  lake. 

Microscopical  Examination. 

number  of  orfanleme  per  cnble  oentlmeter  found  In  each  of  theae  aamplea  wa*  a*  (ollowt : 
Bo.  U1SS,TO;  Ko.lUU,32T;  No.  154«,  81. 
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MARLBOROUGH. 

Chemical  Examination  of  Water  from  MUlham  Brook  near  ill  Entrance  to  the 
Millham  Brook  Storage  Reservoir,  Marlborough. 

[  Parta  per  100,000.] 


Odor,  faltitlj  vegetable;  generally  stronger  on  hatting The  Aral  four  samples  ware  colluded  from 

i  amall  reservoir,  J  net  mboTa  the  Millham  Brook  reeervolr,  from  which  water  w»  pumped  for  the  .apply 
if  tha  sit; ;  lha  laat  two  aamplaa,  from  the  brook  Jut  aboTa  the  amall  reservoir. 

Microscopical  Examination. 


Chemical  Examination  of  Water  from  the  North  Branch  of  Millham  Brook  near  its 
entrance  to  the  Millham  Brook  Storage  Beserooir,  Marlborough. 

[Parte  per  100,000.] 


Odor  of  lha  firel  eampla,  distinctly  vegetable  and  mouldy ;  of  the  last,  faintly  vegetable. 

Microscopical  Examination. 
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MARLBOROUGH. 

Chemical  Examination  of  Water  from  Millham  Brook  Storage  Beserooir,  Marl- 
borough. 

[P»rt«  per  100,«00.] 


Microscopical  Examination. 


Water  Supply  of  Brant  Rock,  Maeshkeld.  —  Brant  Rock 
Water  Company. 

Chemical  Examination  of  Water  from  the  Worksof  the  Brant  Bock  Water  Company. 
[ParU  par  loo.ooc.] 


i  via  oollKtod  from  ■  fagcet  it  Uio  pomplng  Mi 

Microscopical  Examination. 


Water  Supply  op  Maynard. 
Id   1895  an  open  receiving   chamber  was  constructed   near  the 
pnmping  station,  into  which  the  conduit  from  White  Pond  dis- 
charges.    The  chamber  is  70  feet  long,  40  feet  wide  and  17  feet 
deep,  the  side  walls  being  built  of  masonry  and  the  bottom  of  con- 
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HATKABD. 

crete.  Water  passes  from  the  receiving  chamber  into  the  old  pump 
well.  When  the  water  in  the  receiving  chamber  is  drawn  to  a  low 
level  it  is  said  that  there  is  a  considerable  infiltration  of  ground 
water. 

Chemical  Examination  of  Water  from  White  Pond,  Maynard. 

[Parte  par  100,000.] 


!  & 


sollaotad  from  the  ) 


11  beitlng;  of  the  eeeood 


Microscopical  Examination. 

No. 11346.  Dlatomacaa,  AttertontUa,  75;  Cyclalcllv,  SO;  Dtatoma,  I;  MtlaHra,  I;  KaiHada,  1. 
Ptttmitgma,  1;  Sgnedm.Ttl;  TabeUarla,  3i.  Cjtnofbjcem, lttHtmoptdUt,2;  ificracyttlt,  S3.  All*, 
Prolococcut, o ; RapMdtim,  11.  lot ueorta,  Dlnobryon,S ;  Dinobryon cam, 108.  Mlaoelumeoui,  Zoagkta, 
M.     Total,  181. 

No.IMlS.    D^ttoamcfm,  Atltrientila,  *;  Sunrdra,  11;  Tabitlaria.Si.    Cjanophyceaj,  JJbnciratfa, 
381.      Algie,    Ghmcapm,  S;    BaphlMum,  1 
Total,  ISO. 


Chemical  Examination  of  Water  from  a  Spring,  Medfteld. 

[farta  per  100,000.] 


Odor,  none.  —  The  tampte  wu  collKiad  from  aiprlng  near  Vine  Brook,  about  one-third  of  a  mile 
above  North  Street.  Tola  iprlnft  la  need  aaa  tource  of  water  ittppljby  a  largo  atraw  factory  and  oj  « 
portion  of  the  tillage  of  Medfleld. 
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medfield. 

Wateb  Supply  op  Medfield  Insane  Asylum. 

Chemical  Examination  of  Water  from  a  Tubular  Welt  at  the  Medfield  Insane 
Asylum. 

[Put*  ptr  100,000.] 


impla  iu  oolleoled  from  the  well. 


Microscopical  Examination. 


Water  Supply  or  Medfobd. 

In  1895  a  new  dam  at  Wright's  Pond  was  completed,  increasing 
the  storage  capacity  to  about  72,000,000  gallons.  The  area  of  the 
pood  at  high  water  is  now  23  acres,  and  its  average  depth  about  10 
feet.  None  of  the  soil  was  removed  from  the  area  flowed.  The 
area  of  the  watershed,  including  the  area  of  the  pond,  is  about  191 
acres,  consisting  chiefly  of  wood  land,  and  containing  a  very  small 
population.  Water  from  Wright's  Pond  may  be  pumped  to  supply 
the  high-service  system,  or  may  he  supplied  to  the  town  by  gravity 
by  means  of  a  connection  with  the  main  pipe  from  Spot  Pond  to  the 
town,  which  passes  near  Wright's  Pond. 

Id  connection  with  the  high-service  system  there  is  a  standpipe 
35  feet  in  diameter  and  60  feet  in  height. 

In  addition  to  the  supply  obtained  from  Wright's  Pond,  water  is 
pumped  at  times  for  the  supply  of  the  city  from  two  tributaries  of 
the  brook  flowing  from  Wright's  Pond,  known  as  the  East  Arm  and 
the  West  Arm.  The  water  from  these  sources  and  from  Wright's 
Pond  can  be  pumped  into  Spot  Pond  if  desired. 

Farther  information  regarding  the  water  supply  of  Medford  from 
Spot  Pond  and  analyses  of  the  water  of  this  pond  may  be  found  on 
pages  217  and  218  of  this  volume. 
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MEDFORD. 

Chemical  Examination  of  Water  from  WrighCs  Pond,  Medford. 

[FUU  POT  100,000.] 


Odor  of  the  Ant  sample,  tagatabla;  of  the  but,  aromatic.  baaomlDf  ngatebla  oo  baatlnf. Tbo 

ril  aampla  >u  collected  from  a  fancet  »t  the  temporary  pumping  nation  while  pumping  water  tram 
la  pond;  the  Moond,  fron  Wright'*  Pond. 


Microscopical  Examination. 


Chemical  Examination  of  Water  from  a  Brook  near  WrighCt  Pond,  Medford, 

[Parte  par  100,000.] 


Microscopical  Examination. 
,n  lnilgclBeant  number  of  organlimi  tru  found  In  thin  lample. 
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MEDFOttD. 

of  Water  from  Underdrains  beneath  the  Sewers,  Med/ord. 

[PuU  par  100,000.] 


Odor  of  tha  But  umpla,  offen.li>.;  of  tl 
laded  from  the  oudcrdraln  lo  Spring  Street  n 
en  andanlralD  Id  Boalon  Blrnet  near  the  M  j«Uc  III  vor . 

Microscopical  Examination. 

No.  1*681.    Paogi,  Crnolhrtt,  1. 

Ho.  MOW.    Fungi,  Crnothm,  WIS.    HbnUutoni,  Zoigtaa,  308.    Total,  132. 


Chemical  Examination  of  Water  from  Test  Wells,  Medway. 

[P*rU  per  100,000.] 


Odor,  DO 

a. The  (ample 

were  collected  from  tabular  tail  wul 

t  near  the  Chn 

lea  Rive 

r,  below 

Iheirlllageof  Medway,  located  • 

followa :  tha  Hnt  three  aamplea,  from 

reel  and 

Ckwitaam 

,  J  oat  above  Wajke 

Street;  tha  d*ii  three,  from  a  wall  ab 

oat  W  feet  wot 

b  Hi  reel 

Bad  MO  feet  n 

orth  of  Walker  Street;  No.  1M3S,  near  tha  faatory  of  Ra 

&  Wilson,  at 

r  of  VII- 

age  and  W*lkor  streete ;  Uw  laat,  from  ■  wall  100  feet  nH  of  Village  Street  and  ibou 

(Tetter  Siret 

*.   Tha  aamplea  war*  collected  daring  >o  Inveitlgatloo  of 

oailbla  iourcir 

■upply 

br  tha  Ion  of  Medwaf . 

Microscopical  Examination. 
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■EKDWAT. 

Chemical  Examination  of  Water  from  a  Spring,  Medium/. 

[Ptrl*  p*r  100,01m.] 


Microscopical  Examination. 

ir  of  orgmtuin  wu  f ouml  la  Ihli  •unple. 


Chemical  Examination  of  Water  from  the  Charles  River  at  Hedway. 

[Part*  par  100,000.] 


Microscopical  Examination. 


Water  Supply  of  Melhobe. 


For  information  regarding  the  water  supply  of  Melrose  from  Spot 
Pond  and  for  analyses  of  water  from  the  pond  see  pages  217  and  218. 

The  results  of  analyses  of  samples  of  water  from  the  auxiliary 
ground-water  supply  introduced  in  1894  are  given  in  the  following 
table :  — 
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MELROSE. 

Chemical  Examination  of  Water  from  Tubular  Welts  in  the  Valley  of  Spot  Pond 
Brook,  near  Wyoming  Avenue,  used  as  an  Additional  Source  of  Water  Supply 
for  Melrose. 

[Ptrta  per  100,000.] 


Microscopical  Examination. 

Ho.  HOST.    Vmttf.  Or**othrtx,1. 

Ho.  15Z7B.    Fond,  Moldt.  1. 

Ho  orgmiilMD*  mm  foand  la  Uu  othar  uunplw. 

Water  Supply  of  Methuen. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Methuen  Water 

Works. 

[Parti  pal  100,000.) 


Microscopical  Examination. 

Ad  iMlpMflttt  number  of  oijjDljms  wn  found  Id  tban  aunple*. 
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Chemical  Examination  of  Water  from  the  Covered  Bctervoir  of  the  Metkuen  Water 
Works. 

[Pi.ru  per  100,000.] 


Microscopical  Examination. 

Ad  iDilgnlflcant  number  of  orgulema  »■■  found  In  IhsH  aamplca. 

Chemical  Examination  of  Water  from  a  Faucet  in  Methuen  supplied  from  the 
Metkuen  Water  Works. 

[Part*  par  100,000.] 


Odor,  decidedly  lurry  and  unpleamnt. The  faucel  from  which  (he  aunpU  waa  collected  Uuv 

tba  end  of  a  0-1  ocb  pi pc. 


Microscopical  Examination. 

imbar  Of  orgmulamn  waa  found  Id  lhi»  umplc. 
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mtddlebobough, 
Water    Supply  of  Middlebobouqh  Fike  District  —  Middle- 

borough. 
Chemical  Examination  of  Water  from  the  Well  of  the  Middirhorough  Fire  District. 

[PUU  ptr  10<000.] 


Averages  by  Tears. 


*  Jbm  to  Daeombor.  '  Juuij1  to  May.  1  April  and  September. 

Nora  to  ualjM*  of  ISH:   Odor,  none,  axnipt  Id  Joly,  when  It  im  vory  faintly  Tegetable  and  ud- 

pleuanl.    The  odor  of  th*  October  eample  iu  falDUy  vagaubl*  on  heating. The  aamplea  ware 

ooltecled  from  a  fanaot  at  tba  pumping  •utlon  while  pumping. 

Microscopical  Examination. 

Omolhrix  w«a  tba  only  organism  found  Id  any  of  U>*  lamp]*!,  tb*  Urgaat  nnmbtr  Id  any  one 
•ample  belm  Ml  In  November. 

Wateb  Sdpplt  op  Milford.  —  Milford  Water  Company. 
In  1895  a  filter  was  constructed  near  the  pumping  station,  for  the 
filtration  of  that  portion  of  the  water  supply  which  is  drawn  directly 
from  tbe  Charles  River.  The  filter  has  an  area  of  about  a  quarter 
>f  an  acre  and  consists  of  five  feet  in  depth  of  sand  taken  from  a 
»nk  in  the  immediate  vicinity.  Before  being  applied  to  the  filter 
he  water  from  the  river  is  passed  through  a  small  settling  basin. 
faring  the  summer  of  1895  it  is  said  that  about  400,000  gallons  of 
rater  were  filtered  daily,  and  that  the  filter  was  cleaned  about  once 
a  biz  weeks  when  running  at  this  rate. 
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HUXBUBT. 

Water  Supply  op  Millbury.  —  Millbury  Watee  Company. 

Population  in  1895,  5,222.  The  works  are  owned  by  the  Millbury 
Water  Company,  and  water  was  first  introduced  Nov.  16, 1895.  The 
source  of  supply  is  a  large  well  located  near  the  Millbury  branch  of 
the  Boston  &  Albany  Railroad,  about  half  a  mile  north  of  the  vil- 
lage. 

The  well  is  built  of  stone  masonry,  and  is  20  feet  in  diameter  and 
40  feet  deep.  Water  is  pumped  from  the  well  into  the  mains,  and 
to  a  distributing  reservoir  about  two  miles  distant. 

The  distributing  reservoir  is  circular  in  shape,  135  feet  in  diame- 
ter, 15  feet  deep,  and  has  a  capacity  of  about  1,500,000  gallons. 
It  is  built  of  stone,  lined  with  cement,  and  is  covered  with  a  wooden 
roof. 

The  advice  ot  the  State  Board  of  Health  to  the  Millbury  Water 
Company,  with  reference  to  the  use  of  water  from  this  source  as  a 
public  water  supply,  may  be  found  on  page  35  of  the  annual  report 
for  1892. 

Water  Supply  op  Millis. 
The  town  of  Millis  purchased  the  works  of  the  Millis  Water  Com- 
pany in  1894  and  took  possession  of  them  on  Jan.  1,  1895. 

Chemical  Examination  of  Water  from  the  Aqua  Bex  Spring,  Millis, 


Microscopical  Examination. 


Water  Supply  op  Milton. — Milton  Water  Company. 
The  water  supplied  by  this  company  to  the  town  is  purchased 
from  the  Hyde  Park  Water  Company.     Analyses  of  the  water  may 
be  found  on  pages  183-186. 
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MONSON. 

Wateh  Supply  of  Monson. 

Population  in  1895,  3,746.  The  works  are  owned  by  the  town 
and  were  completed  in  the  spring  of  1895.  The  source  of  supply  is 
a  large  well  in  the  valley  of  Ingalls  Brook  near  its  junction  with 
Conant  Brook,  about  2J  miles  from  the  village,  in  the  westerly  part 
of  the  town.  The  well  is  73  feet  in  diameter  at  the  top  and  23  feet 
deep,  and  is  lined  with  stone  laid  without  mortar.  The  surface  of 
the  ground  in  the  vicinity  of  the  well  is  over  300  feet  above  the 
level  of  the  village,  and  water  flows  directly  from  the  well  into  the 
distributing  system,  by  gravity. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Monson 
relative  to  the  use  of  water  from  this  source  may  be  found  on  pages 
29  and  30  of  the  annual  report  for  1894. 

Montague. 
The  advice  of  the  State  Board  of  Health  to  a  water  supply  com- 
nittee  of  the  village  of  Miller's  Falls,  relative  to  the  introduction  of 
i  public  water  supply  for  the  village  of  Miller's  Falls  in  the  towns 
f  Montague  and  Erving  and  the  village  known  as  Lake  Pleasant  in 
I ontague,  by  extending  the  pipes  of  the  Turner's  Falls  water  works, 
my  be  found  on  page  37  of  this  report. 

An  analysis  of  a  sample  of  water  from  Green  Pond,  Montague, 
ollected  in  connection  with  this  investigation,  is  given  below. 

Chemical  Examination  of  Water  from  Oreen  Pond,  Montague. 

[Farta  par  100,000.] 


Odor,  dJatlaaUy  Taftttbla. Tha  aampla  «a  oollaeted  from  tile  poud,  oo»r  Lho  m 

Microscopical  Examination. 


Hie  advice  of  the  State  Board  of  Health  to  W.  H.  Nima  and 
)tbers  of  the  village  of  Montague  Center,  relative  to  the  use  of  the 
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MONTAGUE. 

water  of  certain  springs  aa  a  source  of  public  water  supply  for 
the  village,  may  be  found  on  pages  37  and  38  of  this  volume. 
An  analysis  of  a  sample  of  water  collected  from  a  brook  flowing 
from  the  springs  is  given  below. 

Chemical  Examination  of  Water  from  a  Brook  near  Montague  Center. 

[Pmrta  par  100,000.] 


Odor,  none. Tbiunpli  wet  collected  from  »  brook  flowing  from  aprlnga  Jnal  above  UmLihMI 

Road,  a  ahort  distance  moid  °f  the  village  of  Montague  Center. 

Microscopical  Examination. 

An  lnalin]  Scant  number  of  orgmnlimi  ru  found  In  thli  sample. 

Near  the  end  of  the  year  an  application  was  received  from  a 
water  supply  committee  of  the  village  of  Miller's  Falls  in  Montague, 
for  advice  relative  to  the  use  of  Osgood  Brook  in  Montague  and 
Wendell  as  a  source  of  public  water  supply.  Analyses  of  samples 
of  water  collected  from  this  source  are  given  below. 

Chemical  Examination  of  Water  from  Buggies  Pond  and  Osgood  Brook  in  Wendell 

and  Montague. 


w  Rugirlei  Pond. 

Microscopical  Examination. 
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montague. 
Water  Supply  op  Turner's  Falls  Fire  District — Montague. 
Chemical  Examination  of  Water  from  Lake  Pleasant,  Montague. 


Averages  by  Tears. 


Of  UN  :  Odor  In  January,  distinct!  j  ngclnbla ;  Id  February,  very  faintly  vcgelab 
Dion  heating;  Id  July,  decidedly  unple.nam;  do  odor  tu  deled 
-The.  umplea  wen  collected  from  /ancele  Id  the  village. 


Microscopical  Examination. 


Water  Supply  of  Nahant. 

(See  Swampfcolt.) 
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nantucket. 

Wateb    Supply    of    Nantucket.  —  Wannacomet  Water  Com- 
pany. 

Chemical  Examination  of  Water  from  Wannacomtt  Pond,  Nantucket, 

[Parts  per  100,000.] 


•Wlwr. 

rogre  than 

onaeample 

waa 

wllr* 

mad  In  makli 

t  July  to 

Nov  em  bet 

kebn 

||  March 

tt  Jnoeti 

]  December 

Nora  to 

ualyteaor 

1805: 

Odoi 

•.I*" 

e  rally 

■  for  that  month  hai  beta 


■  rally  f.inily  veaeiflbla.ioraMlmeeiironger  and  alio  unplem 

rarely  none. The  umploe  were  collected  aa  followe:    No..  13303,  13940,  HJfiT,  144JS.  I«00,  U 

loMfand  IMM,  from  the  pond;  No..  13*51,  U0M  ana  16210,  frorc  the  dlatrlbuttos  tank ;  Koa.  UTIS 

1M78,  from  the  pomp  well. 
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NANTUCKET, 

Microscopical  Examination  of  Water  from  Wannacomet  Pond,  Nantucket. 

[Number  of  organism*  per  cubic  centimeter.] 


18*8. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

July. 

Day  of  examination,       ... 
Number  of  sample, . 

5 
18008 

20 
18851 

8 
18940 

8 
14006 

8 
14287 

7 
14428 

11 
14800 

27 
14714 

PLANTS. 
Diatomacefle,    . 


Sfelotella,, 
arieala,  . 
8Tnedra,  . 
Tabeilaria, 


OyanophycetB,  Anabeani, 


CnJoroooocue,    • 


Zoospore*,. 


Fungi*  Orenothrlx, 


200 

0 

0 

200 

0 


0 
0 
0 
0 


84 

0 

0 

84 

0 


0 
0 
0 
0 


180 

0 

0 

180 

0 


0 
0 
0 
0 


86 

1 

0 

84 

0 


0 
0 
0 
0 


54 

40 

8 

0 

2 

52 

0 

8 

2 

44 

pr. 

0 
2 
1 
0 

0 

0 

16 

t 

t 

8 

0 
2 
0 
0 

0 

2 

pr. 

0 

0 
6 

pro 

pr. 

8 

0 

0 

0 
2 
6 


60 


0 
0 
0 
0 


ANIMALS. 

Infusoria,   . 


Oeratrum,  . 

Dioobryon, 

Dinobrron 

Peridlnlum, 

Tracbelomonaa, 


Vermes, 


Ana 
Pol; 


are*, 
jrartnra, 


128 

0 
0 

122 
1 

pr. 


0 
0 


pr. 

0 
0 
0 
0 
pr. 


0 
0 


77 

0 

48 

28 

1 

0 


0 
1 


78 

0 
82 
44 

0 
0 


0 

1 


468 

0 

0 

484 

4 
0 


8 

8    ! 


115 

5 

82 

148 

0 

0 


pr. 
pr. 


160 

0 
160 

0 
pr. 

0 


0 
0 


0 
0 
0 
0 
0 


0 
0 


MUc*li***om$9  Zoogksa, 


•       • 


Total, 


828 


75 


268 


112 


627 


280 


174 


66 
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NANTUCKET. 

Microscopical  Examination  of  Water  from  Wdnnacomet  Pond,  Nantucket  — 

Concluded. 

[Number  of  organisms  per  cable  centimeter.] 


1S95. 


Aug. 


Aug. 


Sept. 


8ept 


Oct. 


Oct. 


Nov. 


Dec 


Day  of  examination, 
Number  of  sample, . 


PLANTS. 
Diatomaceee,    . 


Cyclotella, 
Navicula,   , 
Synedra, 
Tabellaria, , 


OyanophycecB,  Anabasna, 


Alff», 


'Chlorocoecus,    . 
Protococeus, 
Scenedeamua,    . 
Zoospore*, . 


Fungi,  Crenothrix, 


8 
14778 


28 
14901 


6 
14071 


21 
15210 


0 
16324 


24 
15411 


11 

23 

8 

4 

1 

1 

0 

1 

6 

4 

14 
0 
0 
0 

0 
0 
0 
0 

0 
0 
3 

1 

0 

1 

0 
0 

0 

0 

1 

0 

0 

0 

0 

0 

8 

0 

0 

59 

0 

0 

0 

0 

0 
0 
0 
0 

84 

1 

7 

17 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 

t 

80 

20 

0 

0 

7  5 

15484       15870 


0 
0 
2 
0 


0 
0 
0 
0 


185 

0 

1 

184 
0 


11 

0 

11 

0 

0 


ANIMALS. 
Infusoria,    . 


Ceratlum,  . 
Dinobryon, 
Dinobryon  cases, 
Peridlnlum, 
Tracbelomonas, 


Vermes, 


Anurea, 
Polyarthra, 


0 

38 

1 

2 

8 

111 

0 

0 

0 

2 

6 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

104 

0 

37 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

1 

0 

1 

0 

4 

0 

0 

0 

1 

0 

4 

0 

1 

0 

0 

0 

0 

781 
o 

504 

256 

1 

0 


2 
0 


I, 


0 

1,376 

0 

21 

1 


5 
0 


Miicellaneous,  Zobglaa,         .       .  |         0    !      112 

0 

0 

0 

3 

20 

0 

11 

235 

67 

27 

10 

110           785    '   1,599 

i 
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NATICK. 

Water  Supplt  of  Natick. 
Chemical  Examination  of  Water  from  Dug  Pond,  Natick. 

[Pun.  p*r  100,000.] 


Averages  by  Years. 


•  Jun  to  December. 


842 
MATTCK. 
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Mierotcopieal  Examination  of  Water  from  Dug  Pond,  Natick 

[5nmb»r  of  orfuimu  ] 


IllllobryoB  « 

r«rUinlL:TD. 


1 
0 

0 

1 

o 

1 

a 
0 

• 

147 
* 

iiiil 

t  |       0         0 

d|    1,    1 

0          2          0 

: 

i 

0 

0 

0 

-J 

IBB  [ 
80 
0 

1 

i 

7       H 

14 

.,. 

•n 

»»i» 

- 

.,«.: 

•c 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  243 

NATICK. 

Table  thawing  Height*  of  Water  in  Dug  Pond  on  the  First  of  Each  Month  in  1895. 

Norn.  —  Higb-witcr  mark  U  18.0  fset. 


,„.. 

■WLf 

,„,, 

Holnbl  of 

... 

13.17 

FHt 

Water  Supply  op  Needham. 

Chemical  Examination  of  Water  from  the  Needham  Water  Works , 


Averages  by  Tears. 


-  |     mat 

-  ]    in 

-i  - 

ISM] 

- 

- 

.. 

... 

.0006 

.00 
.78 

.1507 

.OH  7 

2.1 
I.T 

.0072 

.00211 

Son  to  ualyaM  ol 


t  Joij  ud  An  gnat, 
i :  Odor,  none. Tha  Aral  umple 


April  and  October. 
wu  collected  from  a  faucet  at*  drinking 


Microscopical  Examination. 


Vo.lMU.    Fnnfi,  Mold;  % 
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hew  bedford. 

Watek  Supplt  op  New  Bedford. 

Chemical  Examination  of  Water  jrom  the  Conduit  of  the  New  Bedford  Water 
Work*. 


Averages  by  Tears. 


—  The  umptai  wen  collected  fn 
it  water  from  the  itonge  raitTi 
ei  voir  from  Jnoe  M  (0  July  S,  In 
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HEW   BEDFORD. 

Of  a* 

[Number  of  organUm*  par  coble  wptimi 
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NEW  BEDFORD. 

Chemical  Examination  of  Water  from  Little  Quitlacat  Pond,  Lakeviltc 

[Part*  per  100,000.] 


Average*  by  Years. 


\ 

T  1* 

mm 

,„j  .  1 . 

DOS*1 

- 

" .  j     " 

-1H 

8.17 

i.a 

•"n- 

.m 

.oosyoooo 

.1132 

u.  J 

Non  lo  »n*lyiet  of  1905:  Odor,  ngaubl*. Th«  umplu  win  gollaoM  from  tbo  pood. 

Microscopical  Examination  of  Water  from  Little  Quittacas  Pond,  LakevMc. 


[Somber  o 

f  orginlinu  par  cnblc  oeulimeler . 
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TTBTW  BEDFORD. 

Ctemical  Examination  of  Water  from  Great  QuUtacat  Pond,  Lakeville. 

[Put*  per  100,000.] 


Averages  by  Years. 


.52     .0000 

s.3o    tin  ioooi 


0012    .48      .OOIB.QOOOjl.71I2 


*  Fits  MmplM,  July  to  Baptambar- 
Hotb  lo  in»ljm  of  UM:  Odor  of  Ilia  flr.1  two  wnplw,  vegetable;  of  Uw  lint  urn  pie,  dliagrea- 
.la. Tba  aanplaa  van  aollaetad  from  Ilia  pond. 

Microscopical  Examination  of  Water  from  Great  Quittacas  Pond,  Lakeviile. 

[Nnmber  Of  organism*  par  coble  centimeter.] 
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NEW  BKDFOBD. 

Chemical  Examination  of  Water  from  Long  Pond,  Lateviik. 

[Puta  p*r  loo.ooo.] 


Averages  by  Tears. 


rober,  two  Mmplee-  t  Jul?  to  September,  Ave  templee. 

i  of  1B9A :  Odor.Tegeteble;  of  tfa«  lut  ample,  alio  mouldy. The  unpin 


Microscopical  Examination. 

him  par  cubic  centimeter  lonod  In  theee  (ample*  wu  mi 


e  showing  Heights  of  Water  in  Acushnet  Reservoir  and  Little  Quiilacas  Pond 
on  the  First  of  Each  Month  in  1895. 
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June    1 

0.00 
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0.15 

1.41 
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newbubypoet. 
Wateb  Supply  op  Newbubypobt. 

le  works  of  the  Newburyport  Water  Company  were  taken  by 
sity  Feb.  1,  1895. 

icai  Examination  of  Water  from  a  Faucet  in  Newburyport,  supplied  from  the 
Newburyport  Water  Works. 

[Pari,  pec  100,000.) 


riVit' 

ATOP    KH 


Averages  by  Tears. 


■M,  1MT,  to  K»r.  1688. 

!"h*  »«ty  hlijh  ehlortn*  prtiont  In  tta*  wmer  In  1893 
1Kb  Rlwr  lrhich  oontalnad  ■  •mill  .mount  of  hi  i 
It  10  U»J  JW  of  1MB :  OdOT  In  May  ind  October, 
ry,  March,  April  lad  Baptambar  a  vegetable  odor 
■OaaMd  from  ■  taunt  at  No.  S  State  Btrnl. 


Microscopical  Examination. 
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NBWTON. 

Water  Supply  op  Newton. 

Chemical  Examination  of  Water  from  a  Faucet  at  the  Newton  Water  Workt  Pump- 
ing Station. 

[Parti  par  100,000.] 


Averages 
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Mote  lo  inalyeei  of  1896 :  Odor,  in 

g  « lit  inn. 


t  February. 

collected  from  ■  faucet  it  the  pant 

Later 

drown  from  an  open  flltcr-bula.   Is 

oimruciton  of  a  long  wooden  otter. 

IlnrllDl 

of  toe  open  Hlier-baaln  >u  replaced 

•'    """> 

ear  the  water  pumped  fDr  the  eapplf 
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NEWTON. 

Microscopical  Examination  of  Water  from  a  Faucet  at  the  Newton  Water  Works 
Pumping  Station. 

[Number  of  orgulimi  per  noble  ceoll  meter .] 


Chemical  Examination  of  Water  from  the  Covered  Distributing  Reservoir  of  the 
Newton  Water  Works. 


[l'uru  per  100,000.] 


-  i  im  '                     -        .03  , e.«  Look  Loom  .ss  .-.««  .0003       -  |  3.0  .kk 
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.  I  18M                -                                .03  I  0.68  1.0004    .0037  .43  ■  .0107    .0000     .0079  3.2  .0121 


Son  lo  u*lr*M  of  i»06 :  Odor,  In  Merc 
■IneUj  vnploaul;  u  other  tlmoa,  none;  < 
nary  simple  eod  a  dlilinelly  dLiagraeab 


e. The  i.ttpM 


252  STATE  BOARD  OF  HEALTH.         [Pub.  Doc 

NEWTON. 

Microscopical  Examination  of  Water  from  the  Covered  Distributing  Reservoir  of 
the  Neioton  Water  Works. 

[Number  of  orfanluu  p*r  cubic  centimeter.] 


Chemical  Examination  of  Water,  from  a  Faucet  in  Newton  supplied  from  the 
Newton  Water  Works. 


Odor,  DOBS. Theumple  was  collected  from  a  taucol  at  Newton  Upper  Fall 


Microscopical  Examination. 
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NEWTON. 

Chemical  Examination  of  Water  from  the  Main  Underdraw  of  the  ffyde  Brook 

Division  of  the  Newton  Sewerage  System. 

[Fui.pwMo.ooo.] 
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Averages  by  Years. 


film  to  u*]jua  of  1895:  Odor,  uouc The  umplsi  wan  collwtd 

ittot. 

Microscopical  Examination, 

So.  H11S.    Fungi,  Crenolhrtl,  I. 

No.]«S3.    Fungi,  CfmoMj-fe,  2.    Infntori*.  ftrtdfniiini,  I.    lllicallin 

No.  Isin.    Fung),  Crrnottrto,  1«. 


■,  Zooglaa,  9.    Total,  12. 


Chemical  Examination  of  Water  from  the  Main  Underdrain  of  the  Cheesecake 
Brook  Division  of  the  Newton  Sewerage  System. 

[Part »  per  100,000.] 


^uenwjes  6y  Ferars. 
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:    1    :   [S 

20.43 
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2     UST 

Son  to  MktlfMi  of  INS :  Odor,  ni 

ThmunplM  «•»  oolleclsd  from  we  unasniimin  >i  ui  uuuci. 

Microscopical  Examination. 
fa,  in. 

--.,..    --.-„.,  -■ to,  M.    Ii 

No.  UTM.    Full,  CWxoMrto,  210. 
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NEWTON. 

Chemical  Examination  of  Water  from  the  Main  Underdrain  Beneath  the  Laundry 

Brook  ValUy  Setoer,  Newton. 

rp*nip«rioD.oW).] 


Averages  by  Tears, 
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mwn 
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IBM 
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lSv» 

Note  to  nulyic  of  IMS  ;  ' 


*  Oolober  ud  Dscsmbet. 
ione. Ths  umplc*  wen  collected  from  Iho  uodrrdnln 


Microscopical  Examination, 

No.  14170.     Fungi,  CrinothrU,  S80.     Mlecellauouus,  ZoSgUia,  IS.     1 
No.  MSH.    Fungi,  CrenotArlx.  1,"(0. 
No.  1MM.     Alg*,  ZeStpora,  I. 


Water  Supply  of  North  Adams. 

Chemical  Examination  of  Water  from  Notch  Brook  and  Broad  Brook. 


Mirro-wojiiral  Examin 


•fa,  I;   SirrlnUa,  1;   Syntd 
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NORTH  ADAMS. 

Chemical  Examination  of  Water  from  Tabular  Welle  used  at  an  Auxiliary  Supply 

for  North  Adams. 

[P»ru  par  100,000.] 


Odor,  nous. The  aampla  WMOOllMUd  frooi  U»  pomp  drawing  ■ 

Microscopical  Examination. 

FuDgl.  OrenotSrtx,  1. 


Water  Supply  of  Northampton. 

Chemical  Examination  of  Water  from  the  Upper  Storage  Reservoir  of  the  North- 
ampton Water  Works  on  Roberts'1  Meadow  Brook. 

[Part*  per  100,000.] 


Odor,  1 aJnUj  MgMabla. The  aamplej  were  collected  from  the  reeerrolr  abstu  1  foot  beneath 


Microscopical  Examination. 
lumber  of  orfanlama  foond  Id  theae  anmplea  *n  lie. 
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NORTHAMPTON. 

Chemical  Examination  of  Water  from  Robert?  Meadow  Brook,  just  above  the  Middle 
Reservoir  of  the  Northampton  Water  Works. 

[  Part-  par  100,000.] 


—  The  nmptu  wer»«l- 


Microscopical  Examination  of  Water  from  Roberts'  Meadow  Rrook,jusl  above  the 
Middle  Reservoir  of  the  Northampton  Water  Works. 
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SOUTHAMPTON. 

iemieal  Examination  of  Water  from  the  Middle  Storage  Reservoir  of  lite  North- 
ampton Water  Workt  on  Roberts'  Meadow  Brook,  collected  near  the  Surface. 

[ram  par  100.DOO.J 
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1,  distinctly  vegolab 
i,  becoming  vagotafa 
on  haatlng. Tl 


ieroseopieal  Examination  oj  Water  from  the  Middle  Storage  Reservoir  of  the 
Northampton  Water  Works  on  Roberts'  Meadow  Brook,  collected  near  the  Sur- 
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NORTHAMPTON. 

Microscopical  Examination  of  Water  from  the  Middle  Storage  Beservoir  of  the 
Northampton  Water  Works  on  Roberts'  Meadow  Brook,  collected  near  the  Sur- 
face— Coocinded. 

[Number  of  orgnntima  par  cubic  ceiiUmabir.] 
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Chemical  Examination  of  Water  from  the  Middle  Storage  Reservoir  of  the  North- 
ampton Water  Works  on  Roberts'  Meadow  Brook,  collected  near  the  Bottom. 

[Part*  per  100,000.] 


<;  No.  1SJ10,  .0480;  No. 
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NORTHAMPTON". 

Microscopical  Examination  of  Water  front  the  Middle  Storage  Beservoir  of  the 
Northampton  Water  Works  on  Roberts*  Meadow  Brook,  collected  near  the  Bottom. 

[Number  of  orgiDlimi  par  cubic  unilinear.  J 
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C/Cemical  Examination  of  Water  from  the  Lower  Beservoir  of  the  Northampton 
Water  Works  on  Roberts'  Meadow  Brook. 


Odor,  deeldtdlj  Tegeuble  »nd  anpleeunt. 

Microscopical  Examination. 

Till ■!!■■.  CycloUUa,  1;  Fragllarla,  10;  Mtloitra.  1;  Tabrlla 

10(1,  OrtnoUirlx,  2.    Infniortn,  Dinoaryan,  1,190;  Dtnobtyon  cam 
Acarlma,.m.    Toul,  2,430. 
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NORTH  ATTLEBOBOOGH. 

Water  Supply  op  North  AnxEBORonoH. 
Chemical  Examination  of  Water  from  the  Wells  of  the  North  AUleborough  Water 

Work*. 

[Parte  pec  100,000.] 


Average*  by  Tears. 


t  January  (a  liny .         1  April  10  December.         |  March  ud  July. 

195:  Odor,  none.     The  following  odnn  wore  developed  on  healing  :  firal  aample, 

ecullar;  third,  faintly  acid;  laal,  dlillnclly  earlby The  aamplei  ware  col. 

io  pumping  nation. 


Microscopical  Examination. 


Water  Scpply  op  Northborough. 

Chemical  Examination  of  Water  from  the  Upper  Reservoir  of  the  Northborough 
Water  Works. 


liailoclly  vegetable. Thet 
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NORTHBOROTTGH. 

Chemical  Examination  of  Water  from  the  Lower  Reservoir  of  the  Sorthborough 
Water  Works. 
[Putt  p*r  100,00a.] 


Microscopical  Examination. 


Chemical  Examination  of  Water  from  Faucets  in  Northborough  supplied  from  the 
Northborough  Water  Works. 

[FuU  par  100,000.] 


Odor  of  lb*  Int  Hinpla,  nty  faintly  TepUbla;  of  the  laat,  decidedly  dltagreeible. 


Microscopical  Examination. 
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Water  Supply  of  North  Bkookzteld. 
Chemical  Examination  of  Waltr  from  Doane  Pond,  North  Brookficld. 

[Pull  par  100,000.  J 


Microscopical  Examination  of  Water  from  Doane  Pond,  NorOi  Brookfield. 

[Number  of  orgnufemi  per  cubic  centimeter.] 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  263 

NORTH  BROOKFIFXI), 

Microscopical  Examination  of  Water  from  thane  Pond,  North  Brookfidd  —  Con- 
cluded. 

[If umber  of  orgulimi  pel  cubic  centimeter.] 


1 
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NOKTH  BBOOKFTELD. 

Chemical  Examination  of  Water  from  the  FxUertd-water  Well  of  the  North  Brook- 
field  Water  Works. 

[P»rU  p«r  100,000.] 


Microscopical  Examination  of  Water  from  the  Ftltcred-viater  Well  of  lite  North 
Brookficld  Water  Works. 
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NORTH  BROOKFIELD, 

Microscopical  Examination  of  Water  from  the  EiUered-water  Well  of  the  North 
Srookfield  Water  Works  —  Concluded. 

[Number  of  «ntlm«ar.] 
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NORTON. 

Norton. 

Chemical  Examination  of  Water  from  a  Tributary  of  the  Wading  Biver  in  the 

Westerly  Part  of  Norton. 

[Parta  par  100,000.] 


mil  In  n  brook  n«t  tha  factory  of  A.  U.  Sweat,  In  tha 

Microscopical  Examination. 

Algm,  IKipAldium.l.    FudmI,  Ifotd;  1.    Vermel, Rotffir.l.    Hl.celUneoii.,  Zotiplaa,  72.    Total.:*. 

Water  Supplt  of  Norwood. 
The  organism  Uroglena  reappeared  in  the  water  of  Buckmaster 
Pond  in  October,  1895,  and  increased  rapidly  in  numbers  during  the 
remainder  of  the  year.  The  taste  and  odor  of  the  water  became  very 
disagreeable,  and  the  water  continued  to  give  serious  trouble  from 
this  cause  in  the  early  part  of  1896. 

Chemical  Examinationof Water  from  Brooks  flowing  into  Buckmaster  Pona\Dedham. 


Odor,  distinctly  vegetable,  becoming  leu  itrong  on  hosting. The  flrat  unplt  wm  collected  Iron 

t  iniill  brook  Bowing  Into  the  north.weitorly  aide  of  tbo  pond,  and  the  bat  from  ■  brook  flowing  Into 
tha  north-eaatorlf  aide  of  the  pond. 

Microscopical  Examination. 

No.  14*8*.    DUlomuuas,  pialoma.i;  JfcfotJra.lO;  Xaeicuta,  4.    Mleeellaneoui,  Zoiglaa,  4.    Total, 
U. 

So.  16497.    DlalomacaB,  Diatoma,  t;    Meridian,  1;   Savicula,  4.     lfla»llaneona,   Zodglaa,  10. 
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NORWOOD. 

Chemical  Examination  of  Waterfront  Buckmasler  Pond,  Dedham. 


Averages  by  Years. 


Form  la  udjM  of  MM:  Odor,  ( requently  vegetable  and  unpleasant,  •omeiiroci 
it  aad  DeeacBbar,  felnllj  C1II7,  becoming  itntnger  on  healing.  There  ta  alio  » 
are*  aupU  on  haatlnf. TbeaaagplM  were  collected  from  Ibe  pond. 
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NORWOOD. 

Microscopical  Examination  of  Water  from  Bucknuuter  Pond,  Dedham. 


Table  showing  Heights  of  Water  in  Buckmaater  Pond  on  the  First  oj  Each  Month 
in  1895. 
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O.M 
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ORANGE. 

Wateb  Supply  op  Obange. 

During  1895  a  reservoir  was  constructed  near  the  pumping  station 
>f  the  Orange  water  works  for  the  purpose  of  collecting  the  water 
>f  a  spring  for  use  in  supplying  the  town.  The  reservoir  is  oval  in 
ihape,  130  feet  long,  75  feet  wide  and  10  feet  deep,  and  when  filled 
o  the  level  of  the  overflow  has  a  capacity  of  600,000  gallons.  The 
nside  slopes  of  the  basin  are  paved  with  field  stones. 

The  organism  Vroglena  was  found  in  considerable  numbers  in 
lamples  from  the  distributing  reservoir  collected  in  May  and  Oc- 
ober.  Examinations  made  in  the  early  part  of  1896  showed  the 
iresence  of  Vroglena  in  North  Pond,  one  of  the  sources  of  supply 
if  the  town. 

Chemical  Examination  of  Water  from  North  Pond,  Orange. 
[Part*  per  100,000.] 


j  sul^M  Of  Mi:  Odor,  v*g*ubla,  »nd  >anietliu«  uuplpuuM The  ■uoplM    wo™ 
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ORANGE. 

Microscopical  Examination  of  Water  from  North  Fond,  Orange. 

[Number  of  oigntoou  p«r  sable  eenllmelsr.] 
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ORANGE. 

Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Orange 
Water  Works. 

[Peru  per  100,000.] 


Son  to  uulyeeeof  IMS:  Odor,  la  Jiniurf  end  tferch,  none;  In  October,  faintly  oily ;  it  other 
Ume»  veireUble,  nud  rarely  nnpleumnt.  Theodorof  the  October  urnple  won  Wronger  on  heUlng.  The 
odor  of  the  wimple  collected  In  Hay  *u  decidedly  oily  on  heeling. The  Hmplee  were  collected 

Microscopical  Examination  of  Water  from  the   Distributing  Reservoir  of  the 
Orange  Water  Works. 

[Number  of  orgFinlnirm  per  cable  centimeter.] 
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OBASOE. 

Microscopical  Examination  of  Water  from  the  Distributing  Ettervoir  of  the 
Orange  Water  Works. 

[Snmber  of  orgnnfinut  pel  cubic  centimel*)'.] 


m        b 


Water  Supply  of  Palmer  Fire   District,  Palmer.  —  Palmer 

Water  Company. 

Chemical  Examination  of  Water  from  Faucets  in  Palmer  supplied  from  the  Works 

of  the  Palmer  Water  Company. 

[Pmrta  per  100,000.] 


Slight. 
Blight, 


.!  i 


Microscopical  Examination. 
ccoaefi,  I;  Cpitbilla.i;  Fragilarta,  T,  Iftlottra.i;  A'urfcvhi,  4;  fin- 
uophyc?*,  dtaaAoMa,  A.    Alge,  Qiaocapta.  1 ;  /'riJIdflmni, 
i&ryon,  1.480;   /'«r(if  In  (wit,  1.     CruiUcca,  DaplkHla,  .02. 
Tou),  1.M8. 

No.  14BS8.  DMopnccm,  Ciictoteltn.S;  CgmMh.li  Dtiiloma.i;  Frasilaria.%;  Mtleiira,  14;  Jfrr- 
fdlon,4;  A'upfcu/a,  a;  «Mutarfa,  1;  St- phanoditcut,  I;  SpKitm,  8;  TaMlaria,  7.  CynnopbycMt, 
tfcroococcm,  2.  AlgB,  /Wfailrum,  2;  Prototneem.  I;  ff.i/ifti.f/ju.i,  1,  Fongl,  t 
Infmorl*,  /Vrirfintum,  4.    Mlicelliocoua,  Zooglito,  200.    Total,  2T«. 
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Paxton. 
The  advice  of  the  State  Board  of  Health  to  the  tows  of  Paxton  rei- 
ve to  the  use  of  water  from  Asnebumskit  Pood  as  a  public  water 
pply  may  be  found  on  page  38  of  this  volume.  An  analysis  of  a 
nple  of  water  collected  from  this  source  in  August,  1893,  may  be 
md  on  page  394  of  the  annual  report  for  1894. 

Wateb  Supply  of  Peabodt. 
Chemical  Examination  of  Water  from  Brown''*  Pond,  Peabody. 

[PiiU  par  loo.ooo.] 


Microscopical  Examination  of  Water  from  Brown's  Pond,  Peabody. 

[Nninbar  of  orgulimi  par  cubic  caolimatar.] 
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PEABODT. 

Microscopical  Examination  of  Water  from  Brown's  Pond,  Peabody —  Concluded. 

[Number  of  ocgkDlanu  per  oniric  MDllmtUr.] 
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Chemical  Examination  of  Witter  from  Spring  Pond,  Peabody. 

[Part,  per  100,000.] 
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PEABODY. 

Microscopical  Examination  oj  Water  from  Spring  Pond,  Peabody. 

[Number  of  OTfBDllml  per  cubic  eemlmclbr  .J 


ISM. 

„«L 

JglT. 

0**,. 

■j 

14682 

PLANTB. 

1 

a 

78 
2 

11 

1 
1 

Kt 

2 

18 
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S 

Total, 

,. 

103 

ns 

Chemical  Examination  of  Water  from  the  Lower  Basin,  Peabody   Water  Works 

(PlHl  p«r  100,000.] 


Odor,  none,  becoming  very  Jslntly  Kgeubla  on  bcullng. Tfaa  umpln  wore  collected  from  ibe 

Microscopical  Examination. 

Ko.14100.    Di.tom.fM,,  Piaiama.l;  SyaciJra.t.    latatorl*.  Oiiiatedlirfuiorian.I;  Dinobrt/<m,U; 
n,«.    Total,  M. 
1MS1.    DUWmMOMB,  £Vm(W!a,  4;  Milama,  4;  Xniicula.Z;  Synsi/rn,  2.    Cymopbycem,  Ann. 
AJ|io,  rtdlnHrum,  1;  Raphldium,  6.    ToUl,  », 
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PEABODT. 

Chemical  Examination  of  Water  from  a  Fountain  in  Peabody,  supplied  from  the 
Peabody  Water  Works.  ' 


Odor,  faintly  vegetable,  becoming  atranger  mid  unpleuint  on  beating. 

Microscopical  Examination. 

DlmtomsceB,  CfclotttlO,  J;  Cymbtlla,  1|  Saciaxla,  I;  Pinnularla,  4;  St/nfdra,  T.  Alpe,  Qlt- 
Mrlw,  1;  iViffajimm,  1;  iVotococnu,  41;  Raphldlum,  1;  Sctnidanua,  3.  Fnngi,  CVmaMriz.t. 
InfuiorU,  /■(FiJiniura,  10.    Vermel,  Anuria,  8.    Tottl,  83. 

Pepperell. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Pepperell 
in  relation  to  a  water  supply  for  the  town  may  be  found  on  pages 
38-40  of  this  volume.  In  connection  with  the  investigation,  samples 
of  water  were  taken  from  five  different  sources  in  the  town  and  in 
its  vicinity,  the  results  of  the  analyses  of  which  are  given  below. 

Chemical  Examination  of  Water  from  Brooks  in  Pepperell  and  Vicinity. 

[Van*  per  100.000.] 


Odor  of  the  Brat  four  samples,  distinctly  ragrtchbt;  at  Ihe  List,  noue,  becoming  dlatlnclly  vegetable 

on  beating. The  aamplea  were  collected  a>  (ullowi :  No.  14173,  from  Gulf  Brook  ■(  the  rood  crown, 

just  above  Iti  junction  with  the  Nlasltl.slt  Illvcr;  No.  14174,  from  Unquciensssel  Brook,  below  ih* 
Worcemer  and  Na.hu a  Division  of  the  Boston  A  Maine  ltallroad,  Juet  above  the  crossing  of  the  road 
from  Pepperell  to  Ilollh,  New  Hampshire]  No.  1427S,  from  Sucker  Brook,  jusl  above  wbere  It  join*  the 
Nlaaltlsilt  Blrar;  No.  141270,  from  the  Nlnlil-.lt  River,  just  above  Sucker  Brook;  No.  1&405,  from 
Kemp'a  mlllpond,  on  Itoblnson's  Brook.  South  Pepperell. 

Microscopical  Examination. 

The  number  of  organlama  per  cubic  ceiitl meter  found  In  these  samples  wh  u  follower  No.  1427S, 
04;  No.U2Tl.174;  No.  11STS,  M;  So.14ST6.MT;  No.  t01"i,  TO. 
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pittsfikld. 
Water  Supply  of  Pittsfield. 

In  tbe  latter  part  of  1895  the  city  of  Pittsfield  constructed  works 
for  taking  water  for  the  supply  of  the  city  from  Mill  Brook  in  Wash- 
ington and  Lenox.  A  dam  was  constructed  upon  the  brook,  form- 
ing a  small  reservoir  at  such  an  elevation  that  the  water  will  be  sup- 
plied to  tbe  city  by  'gravity.  It  is  said  that  no  water  was  supplied 
to  the  city  from  this  source  during  1895. 

In  the  latter  part  of  the  year  the  city  applied  to  tbe  State  Board 
of  Health  for  advice  with  reference  to  increasing  its  water  supply, 
and  during  the  investigations  relative  to  an  additional  water  supply 
samples  of  water  from  several  sources  in  the  vicinity  of  the  city  were 
analyzed,  the  results  of  which  are  given  in  the  tables  which  follow. 
Analyses  of  samples  of  water  from  West  Pond  and  Roaring  Brook 
may  be  found  under  Washington. 

The  advice  of  the  State  Board  of  Health  to  the  Onota  Water  Com- 
pany of  Pittsfield  relative  to  the  introduction  of  water  from  May 
Brook  for  the  supply  of  that  portion  of  tbe  city  of  Pittsfield  in  the 
vicinity  of  West  Street  may  be  found  on  pages  40  and  41  of  this 
rolume. 

'hemicat  Examination  of  Water  from  Socket  Brook  in  the  Vicinity  of  the  Primping 
Station  of  the  PMsjidd  Water  Works. 

[Furl!  per  100,000.] 


I,  Done,  becoming  dl atlnct] J  vegetable  c 


Microscopical  Examination. 
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PITTSFIELD. 

Chemical  Examination  of  Water  from  Sachem  and  Hollow  Brook*,  Lanaborougk. 

[  I'iim  par  100,000.) 


Odor  of  the  firat  (ample,  Done;  of  the  eecond,  faintly  vegetable,  becoming  wronger  on  beattori 
the  third,  uoae,  becoming  distinctly  aromatic  tin  heating;  of  Ibe  but  aample,  faintly  vegetable. —  T 

BtOOk;  the  laat  two  MmplW  from  Hollow  Brook,,  .hurt  dlitiincr  above  It.  Junction  with  Sachem  lira 


Microscopical  Examination. 

ei  of  organic  mi  wu  found  In  each  of  theau  asm  plea. 


Chemical  Examination  of  Water  from  Smith  and  Lulu  Brooks,  PiUsfidd. 

[Parte  per  100,000.] 


§S  HM 


Microscopical  Examination. 

..    An  Insignificant  number  of  organlan 
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PITTSFIELD. 

Chemical  Examination  of  Water  from  Pontootuc  Lake,  Pittsjield. 

[Parti  par  100,000.] 


Heeled  nemi  the  dam ;  the  in 


Microscopical  Examination. 

An  insignificant  number  ol  organlama  wu  fonnd  la  each  of  tbeag  umpl«. 


Chemical  Examination  of  Water  from  Hay  Brook,  Pittsjield. 

[Parta  p*r  100,000.] 


Microscopical  Examination 

ot  Bomber  of  orfsnluiu  waa  found  In  ibra*  aamplua. 
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plymouth. 

Wateb  Supply  of  Plymouth. 
Chemical  Examination  of  Water  from  Little  South  Pond,  Plymouth. 

[Parte  per  100,000.] 


•  Where  mom  than  one  aampls  wu  collected  In  a  moDih  the  mean  an.ljiii  for  (Jut  monih  hea  t 

I  Id  making  the  average. 

Note  to  nnnlyeee  of  UN:  Odor,  In  January,  distinctly  ■•eetlib;  iD  February  »nd  March,  a 

tly  oily,  becoming  nincti  stronger  on  heating.    A  decidedly  oily  odor  in  alio  detected  In  the  win 
icted  Id  February  and  December,  on  heating. The  sample!  were  collected  from  the  pond. 

Microscopical  Examination  of  Water  from  Little  Soulk  Pond,  Plymouth. 
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PLYMOUTH, 

Microscopical  Examination  of  Water  from  Little  South  Pond,  Plymouth  ~Coa- 


Water  Supply  of  Provincetowk. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Provincetoton 

Water  Works. 

[Pirn  per  100,000.] 


Averages  by  Tears. 


I. IV,     8.68    .0074   . 


1.19  ...0043   .0000  !.. 


ij  odor. TIm  MtaplM  **r* 
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PBOVISCETOWN. 

Microscopical  Examination  of  Water  from  the  Tubular  Wells  of  the  Provineetorn 
Water  Works. 
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ruber  at  orgtnlirn • 
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Chemical  Examination  of  Water  from  Faucets  in  Provincetown  supplied  from  At 

Provincetown  Water  Works. 

[Parti  j»r  100,000.] 


Odor  or  Ibe  Aral 


puitd  ItaruuKb  Itaa  d! 


Microscopical  Examination. 
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QU1NCT. 

Water  Supply  op  Qumcy. 

Examination  of  Waterfront  Town  Brook  just  above  the  Storage  Beservoir 
of  the  Quincy  Water  Works, 
[P»rt»  per  ioo,K».] 


Averages  by  Tears. 
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:: 

a.n 

O.M 

t.Sl 

1.«3 
1.T3 

nnnn 
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1.3 
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O.fl 

analyeee  of  IMS  :  Odor,  vegeteble;  often  alio  mould;-  otDDpluunL. The  umplee 

■a  the  brook  abore  the  reeerrolr. 

Microscopical  Examination. 

age  number  of  nrguileme  per  cable  centimeter  fonnd  In  tbee*  wmplee  ra  76. 
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QPINCT. 

Chemical  Examination  of  Water  from  the  Storage.  Beservoir  of  the  Quincy  Water 
Works. 

[Firu  per  100,000.] 


Averages  by  Tears. 


•  November  and  December. 

Note  to  uutyiwa  of  1895 :  Odor,  dl.ttnetly  vegetable;  In  January  and  Febroarr,  *J>o  nnpteuuU 

oro  March  to  Auguit,  Inclusive,  dlaagreeable. The  eaniplei  were  collected  from  iht  rtaarrolr. 

For  hcighu  of  ngter  Id  this  reaervoll  >ee  table  on  page  £86. 
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QUINCY. 

Microscopical  Examination  of  Waterfront  the  Storage  Reservoir  of  the  Quincy 
Water  Works. 

[Number  of  orguilami  par  cable  oonllmeWr.] 


Chemical  Examination  of  Water  from  Blue  Hill  River,  Braiutrce. 


Odor,  f.lnllj  ngtubl*.    TIM  umpla  wu  collected  from  Ibe  river  at  the  point 

Microscopical  Examination. 

Tb*  ncmbor  of  orgmlinu  per  euhlc  etBllmoler  Ion  nd  Id  t.hln  •ampla  •■  182. 
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QUINCT. 

Table  showing  Heights  of  Water  in  the  Storage  Reservoir  of  the  Qitincy  Water 
Works  on  the  Following  Dates  during  1395. 

[HJgh-wnUr  murk  f«  KB. 71  feet  nbove  oily  tum.] 


ISM. 

«&, 

_. 

*™r*, 

Trtt. 

FBI. 

Sapt.1, 

sa.t: 

Water  Supply  or  Randolph  and  Holbbook. 
Chemical  Examination  of  Water  from  Great  Pond  in  Randolph  and  lirainlret. 

[PMtt  ptT  100,000.) 


i,  growing  »lrongor 


—  Tbe  «*mplo  wu  colleci 


Microscopical  Examination. 


nutom-iceip,  Cyctottlla, 
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FragUarla, 

attnl. 20;  CtotHroeyttlt, 
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5.    A\gv,i;i,r 

Tutu],  B4. 

Water  Supply  of  Beading. 
The  advice  of  the  State  Board  of  Health  relative  to  the  purifica- 
tion of  the  public  water  supply  of  the  town  may  be  found  on  pages 
41-45  of  this  volume.  The  results  of  analyses  made  during  the  in- 
vestigation may  be  found  on  pages  297—300  of  the  annual  report  lor 
1894. 
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BEADING, 

Chemical  Examination  of  Water  from  the  FiUer-galUry  of  the  Reading  Water 
Works. 

[  r»rti  per  100,000.] 


Averages  by  Tears. 
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Microscopical  Examination  of  Water  from  the  Filter-gallery  of  the  Heading  Water 
Works. 
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revere  and  winthbop. 

Water  Supply  op  Revere  and  Winthrop. — Revere  Water 

Company. 

The  works  of  the  Revere  Water  Company  for  obtaining  a  supply 
of  ground  water  at  Cliftondale,  Saugus,  were  enlarged  in  1895  by 
sinking  fifteen  additional  2£-inch  tubular  wells  in  the  immediate 
vicinity  of  those  driven  in  previous  years,  forming  an  extension  of 
the  original  system.  The  total  number  now  connected  with  these 
works  is  67. 

The  rapid  increase  in  the  amount  of  chlorine,  residue  ou  evapora- 
tion and  hardness  in  the  water  of  the  wells  located  at  Revere,  which 
has  been  mentioned  in  previous  reports,  still  continues,  as  may  be 
seen  in  the  table  of  yearly  averages  of  analyses  given  below.  It  will 
be  noticed  in  the  table  of  monthly  analyses  in  1895  that  the  water 
deteriorated  rapidly  during  the  months  when  there  was  the  greatest 
draft  upon  the  wells,  owing  to  the  infiltration  of  sea  water. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Revere  Water  Company  at 

Revere. 

[Parte  per  100,000.] 
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rusty. 

* 

13944 

Mar.    6 

None. 

None. 

.02 

63.80 

.0000 

.0000 

'20.95  ; 

.0230 

.0012 

.0308 

29.0  .9*0 

14097     Apr.     3 

None. 

V.  alight. 

.00 

65.10 

.0000 

.0004 

'20.90 

.1400    .0025 

.0462 

30.0  '.0*H) 

14263 

May     7 

None. 

None. 

.00 

69.70 

j.0002 

.0006 

21.70  ! 

.0350  1.0033 

.0308 

27.0  .00T0 

14431 

June    5 

None. 

None. 

.00 

91.80 

'.0000 

.0018 

31.05 

.1000  l.oou 

1.0418 

40.0  .0V» 

14012  'July    11 

'  None. 

None. 

.00 

108.30 

.0002 

.0008 

38.60 

.1200    .0013 

.0632 

49.5  .0000 

14791     An*.    8 

None. 

None. 

.00 

143.50 

.0000 

.OulO 

47.80 

j.1000  I.O015 

.1014 

W.5  .»1W 

15022  [Hept.    4 

None. 

None. 

.00 

154.30 

.0000 

.0010 

!o7.50 

:.03<>0    .0013 

.0702 

4S.5  .0040 

16319    Oct.      7 

None. 

None. 

.00 

158.90 

.0002 

.0000 

64.00  : 

.0330    .0015 

.0874 

75.0  '.OrtO 

15497     Nov.     7 

,  Dintinct, 

Slight, 

.10 

150.20 

.0002 

.0024 

54.00  , 

.0200    .0008 

.1232 

86.5  .0300 

clnyey. 

earthy. 

i 

1 

1 

1 

43.0  !.01» 

1568S 

Dec.     5 

Distinct, 

Cone  , 

.10 

87.20 

!.0012 

.0034 

30.42 

.0460    .0005 

.1030 

clayey. 

earthy. 

I 

36.84 

.0652 

.0663 

.0150 

Av.. 

.02 

i 

;104.73   ! 

.0002 

.0012 

.0011 

45.5 

ii 

1             1 

i 

. 

Averages  by  Years. 


1887* 

_ 

.00 

1  22.17 

.0002 

.0016 

3.37  ! 

1888 

— 

- 

.00 

22.69 

j.0001  ,.0022 

3.49 

1889t 

- 

— 

.00  : 

22.72 

.0000    .0016 

3.28 

18901 

1 

— 

.00  ! 

- 

!.0OO8 

.0012 

3.39 

1893 

— 

— 

.00  1 

50.29 

.0002    .0019 

13.05 

1894 

— 

— 

.03 

91.99 

.0004 

.0011 

30. M)  ; 

1895     i 

- 

- 

.02  | 

104.73 

J.0002 

.0012 

36.84  I 

'.1670 

1288 

.  1330 

(.1750 
.0907 
.0963 
.0652 


.0022 
.0027 
.0024 
.0019 
.0013 
.0014 


.0439 
.0576 
.0663 


23.0 
41.0 
45.5 


.O0S6 
.0-219 
.0120 


*  Juno  to  December. 


t  January  to  May.  |  March. 

Note  to  analyses  of  1895:  Odor,  none. The  samples  were  collected  from  a  faucet  at  the  pomp* 

tag  station. 

Microscopica I  Exam inalion . 

Crenothrix  was  fnund  in  the  wimples  c  -Heeled  in  January,  March,  April,  November  and  December, 
the  largest  number  per  cubic  ceuiimeior  being  676,  in  January. 
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REVERE  AND  WINTHBOP, 

Chemical  Examination  of  Water  Jrom  Tubular  Wells  of  the  Revere  Water  Company, 
at  Cliftondale,  Saugus. 

[P»rt.  par  100,000.] 


Averages  by  Years. 


■ 

UBS 
IM 

UN 

ISM 

- 

- 

11. OS 
11.00 

.0000 
-0003 

.0003    '   1.18    [.0123    .0036 
.0010  „  1.3!   I.08T1  '.OOT'J 

0462 

0.0   .0110 

a. j  '.cost 

Microscopical  Examination. 

No.  WTB1.  Fungi,  Onaolkrlx.  ». 
No.  1*098.  Knngl,  CmeUirlx,  3. 
Bo  nrgmilumi  wete  f onuil  In  Ihe  other  umple*. 
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BKVERE  AND  WTXTHKOP- 

Chemical  Examination  of  Water  from  Brook*  in  Saugus. 

[Put!  par  100,000.1 


Odor  or  the  Bret  two  laroploi.diatlnctlyTegeWbU  and  mooldy;  of  (he  lutlwofalnlly.Tegrteble. — 

Tho  first  saniplo  win  collected  from  Crystal  Bcook,  near  the  cornel  of  Howard  nod  Main  iiitiiii  1  in 

,   aecond  •ample,  from  a  tributary  of  CrjrtBl  Biook.  near  thecomer  of  Howard  Bud  Ualnetrnta;  the  third 

bona  brook  « the  corner  of  Eeaax  and  Vim  aireeU,  ebon  the  point  where  It  Joloe  Long  Pond  Broot. 

Microscopical  Examination. 

1*698,4;  Ho.  166M,  166;  No.  16(00, 1M;  No.  16401,  28*. 

Water  Supply  of  Rockland. 
(See  Abington.) 

Water  Supply  op  Rockport. 

Population  in  1895,  5289.  The  works  are  owned  by  the  town 
and  were  completed  in  the  early  part  of  1895.  The  source  of  supply 
is  Cape  Pond,  situated  in  the  southern  part  of  the  town.  The  area 
of  the  pond  is  40  acres  and  its  maximum  depth  is  said  to  he  about 26 
feet.  The  pond  has  a  watershed,  including  the  area  of  the  pood, 
of  214  acres,  which  contains  a  very  small  population.  Water  is 
pumped  from  the  pond  to  tho  town  and  to  an  open  iron  tank,  30  feet 
in  diameter  and  i!0  feet  in  height  and  having  a  capacity  of  317,000 
gallons,  located  on  Great  Hill.  Distributing  mains  are  of  cast  iron 
and  service  pipes  are  of  wrought  iron  lined  with  cement. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Rockport 
relative  to  the  uso  of  this  pond  as  a  source  of  public  water  supply 
may  he  found  on  pages  45-47  of  the  annual  report  for  1893. 

A  further  communication  from  the  State  Board  of  Health  to  tbo 
town  of  Rockport  relative  to  the  pollution  of  the  water  of  the  pond 
by  waste  matters  from  a  glue  factory  may  he  found  on  page  65  of 
the  annual  report  for  1894. 
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ROCKFOBT. 

Chemical  Examination  of  Water  from  Cape  Pond,  Bockporl. 

[Put*  par  100,000.] 


Microscopical  Examination  of  Water  frt 

[Nnmoai  of  orgiolimi  pet  tabid 


•  1  of  Ihn  otheri,  faintly  vegeU 

it  Cape  Pond,  Rockport. 


■  M. 

Feb. 

M.J. 

An*. 

No*. 

imt 

14 
MBS 

U833 

14 

16MB 

PLANTS. 

ar,tu 

81,800 

0 
1,300 

dynwypLyeeen.  AmbieM 

', 

0 

ANIMALS. 

w 

so 

1,t90 

i.ioo 

0 
.01 

(SO 
100 

; 

D 
0 

• 

0                    0 

,91 

TOTAL 

llfll 

—  !  "" 
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RUTLAND. 

Rutland. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Rutland 
relative  to  taking  the  water  of  Muscbopauge  Lake  aa  a  public  water 
supply  may  be  found  on  page  46  of  this  volume.  The  results  of  the 
analyses  of  two  samples  of  water  collected  from  the  lake  are  given 
below. 

Chemical  Examination  of  Water  from  Muschopauge  Lake,  Rutland. 

[Parti  psr  100,000.] 


»  dlugreubla.   The  odor  baasu 


Microscopical  Examination. 

1  In  Ihe  nnl  sample;  In  lbs  second,  kin  innlg [linen 


Water  Supply  of  Salem  and  Beverly. 

The  capacity  of  the  sources  of  water  supply  of  the  cities  of  Salem 
and  Beverly  was  increased  in  1895  by  the  construction  of  a  reservoir 
on  Longham  Brook  and  a  conduit  line  to  convey  the  water  from  this 
reservoir  to  Wenham  Lake.  The  area  of  the  Longham  Brook  Reser- 
voir is  43  acres,  and  its  capacity  about  55,000,000  gallons.  It  is 
long  and  narrow,  its  length  being  6,500  feet  and  its  average  width  a 
little  less  than  300  feet.  Its  greatest  depth  is  about  8.5  feet.  The 
area  flowed  contained  considerable  meadow  land,  and  was  prepared 
for  the  storage  of  water  by  clearing  away  the  trees  and  bushes,  but 
the  soil  was  not  removed.  The  drainage  area  of  Longham  Brook, 
above  the  dam,  is  about  3.3  square  miles,  and  it  contains  a  small 
population. 

The  pipe  leading  from  the  reservoir  to  Wenham  Lake  is  36  inches 
in  diameter  and  4,900  feet  in  length.  Its  upper  end  is  5  feet  below 
the  high-water  mark  of  Wenham  Lake.  It  discharges  into  the  lake 
at  a  point  about  200  feet  from  the  easterly  shore,  near  the  outlet,  and 
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SALEM   AND  BEVERLY. 

eet  below  high  water.     At  the  time  of  introducing  water  from  the 

ngham  Brook  Reservoir  into  Wenham  Lake,  Jan.  23,  1895,  the 

.er  in  the  lake  was  19.27  feet  below  high-water  murk,  and  on 

.ay  IS,   1895,  the  reservoir  became  full  for  the  first  time   since 

ipril  29,  1891. 

Analyses  of  samples  of  water  from  Wenham  Lake  and  Longham 
irook  Reservoir  are  given  below. 

As  will  be  seen  by  the  table  of  averages  by  years,  the  average 
olor  of  the  water  in  Wenham  Lake  in  1895  was  much  greater  than 
i  previous  years. 

hrmical  Examination  of  Water  from  Wenham  Lake,  in  Beverly  and  Wenham, 


Averages  by  Tears. 


■  Jnn*  to  December. 

Won  U>  «w.!jm  o!  MM:  Odor,  generally  vegetable,  rarely  none. The  first 

Ibeted  (rom  faaoata  It  the  pumping  nation,  and  (he  olhen  from  the  lake. 
»or  Booth]?  raooid  of  height  of  w»*r  In  Ihla  lake.  H«  page  JW. 
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9AI.EM  AND  BEVERLY. 

Microscopical  Examination  of  Water  from  Wenham  Lake,  in  Beverly  and 

Wenharn. 

[tTnraber  of  •eoUnwter.] 


o.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  295 

SALEM  AND  BKVKBI.T. 

iemical  Examination  of  Water  from  Longham  Brook  Beservoir,  in  Beverly  and 
Wenham. 

[Pirti  per  100,000.] 


Microscopical  Examination  of  Water  from  Longham  Brook  Beservoir,  in  Beverly 
and   Wenham. 


[Rnmbar  of  orginlinii  p. 


ISM. 

,... 

r* 

M„. 

A„. 

Mij. 

is 

» 

13 

10 

u 

ISMS 

1SSCW 

13050 

Mill 

usn 

PLANTS. 
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It 

1 

at 

IH 

| 

1 
I 

1 

ii 

»2 

0 

o 

t 

i 

o 

tmsl 
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t.WS 

u 

1,000 
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4.80D 
4,800 

0 

; 
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SALEM  AND  BEVERLY. 

Microscopical  Examination  of  Water  from  Longham  Brook  Reservoir \  in  Beverly 

and  Wenham  —  Concluded. 

[Number  of  organisms  per  cable  centimeter.] 


1895. 


Jan. 


Jeb. 


Mar. 


Apr. 


May. 


ANIMALS. 

Infusoria,      .... 

Ciliated  infaaorian,     . 
Dlnobryon,  .... 
Euglena,       .... 

Mouaa, 

Perldinium,  .... 
Synura,  .... 
Trachelomonaa,  .       .       . 

Mlacellaneout,  Zottglcea,   . 

Total, 


4 

1 

1 

0 

u 

0 

0 

0 

0 

0 

0 

0 

8 

1 

0 

0 

0 

0 

0 

0 

2 

8 

1 

0 

1 

0 

0 

0 

3 

0 

0 

0 

0 

i 

12 


36 


40 


1,028 


60 


44 

2 

14 
0 
0 

14 
0 

14 


5,002 


Table  showing  Heights  of  Water  in  Wenham  Lake  on  the  First  of  Each  Month  in 

1895. 

[Note.  — High-water  mark  is  30  17  feet.] 


Jan. 
Feb, 
March  1 
April  1 
May  1 
June     1 


Date. 


1*95. 


Height  of 
Water. 


Feet. 
19.17 

21.56 

22.21 

20.73 

29.50 

29.70 


i 

July   1, 

1893. 

'  Aug.  1, 

Sept.  1, 

Oct.    1,     , 

Nov.  1,     . 

Dec.    1,     . 

1 

Height  of 
Water. 

Fret 
28.00 

27.98 

27.08 

26.04 

26.08 

27.50 


Water  Supply  of  Saugus. 


(See  Lynn.) 


Wo.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  237 

SHARON. 

Water  Supply  of  Sharon. 
The  works  of  tbe  Sharon  Water  Corapiiny  were  purchased  by  the 
town  Oct.  3,  18U5. 

Chemical  Examination  of  Water  jrom  the  Well  of  the  Sharon  WaUr  Works. 

[Puts  pel  100,000.] 


Averages  by  Tears. 


I  June  isd  July. 
'0  collected  from  B  fiince 


Microscopical  Examination. 

r«  found  Id  toe  flrti  wimple;  In  the  uul  umplctn  ladgnUant  Bomber  wm  ft 
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sheffield. 

Sheffield. 
The  advice  of  the  State  Board  of  Health  to  H.  S.  Andrews  and 
others,  of  Sheffield,  relative  to  taking  the  water  of  certain  springs 
in  that  town  for  a  public  water  supply  may  be  found  on  page  46  of 
this  volume.  The  analyses  of  samples  of  water  collected  during  the 
investigation  of  the  proposed  sources  of  supply  are  given  below. 

Chemical  Examination  of  Water  from  Various  Sources  in  Sheffield. 


lie.    On  timidly.  Hie 


tin  dlau.net  north  ol 

ullOllHrtni-IILoiSo. 

{,  below  Tone-alt* 


Microscopical  Examination. 

imp  lei  wot  h  follows :  J 


Shirley. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Shirley 
relative  to  taking  water  from  Leatherboard  Pond  in  that  town  as  > 
public  water  supply  may  be  found  on  pages  46  and  47  of  this  volume. 
The  results  of  analyses  of  samples  of  water  from  several  sources  in 
the  town,  collected  during  the  investigation  of  proposed  sources  of 
supply,  are  given  below. 
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SHIHLET. 

I  Examination  of  Water  from  Turner's  Pond,  Fort  Pond,  Bow  Brook  and 
the  Shirley  Reservoir. 

[P.ru  per  100,000.] 


f  the  fl»t  three  u<J  tut  umplee,  felolly  TegeUble ;  of  the  fourth  wmple,  dietlncllv  vrgetublo 
f. The  Mioplai  were  col  lecied  m  follows :  No.  loW S,  from  Torner'i  Pood,  im  the  utterly 

u  outlet  ;  No.  IS  Ml,  from  Shirley  reeervoir.  mu  the  dun. 


pfco/  Examination  of  Water  from  Turner's  Pond,  Fort  Pond,  Bow  Brook 
and  the  Shirley  Reservoir. 

[Nnmber  of  argulimi  per  cable  i 


1MB. 

*OT. 

Not. 

Mot. 

Not. 
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mbmOm 
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IE 

IS 

IB 

i 

1SM2 

15545 

1SG43 

1S644 

16893 
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1 
0 

a 
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0 

Oil) 
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St 

hyoen,  o»ciii»ri»,       .... 
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1,160 
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SHIRLEY. 

Microscopical  Examination  of  Water  from  Turner"'*  Pond,  Fort  Pond,  Bow  Brook 
and  the  Shirley  Reservoir  —  Concluded. 

[tJambet  of  orgMiim*  per  cnble  ceollmettr.] 


ism. 

Mor. 

In. 

»„. 

Hot.      1      Dee. 

ACTUALS. 

f 

a 

0 

a 

0 

41 

U 

K7 

MB 

110 

SO     j             ■ 

1 

• 

T°™- 

us 

i,m 

Tt> 

01 

MO 

Wateb  Supply  op  Somebville. 

(See  Boston,  Mystic  Works.) 

Chemical  Examination  of  Water  from  a  Spring  at  Winter  Hill, 
[p«t»  p«  loo.ooo.] 


id  &  W.lire  Rail™ 


n  pipe  tel  In  a  iprlng 


Microscopical  Examination. 

Spencer. 

Chemical  Examination  of  Water  from  a  Stream  flowing  from  Brook's  Pond,  Spencer. 


Odor,  very  faintly  Mgalmble,  becoming  much  ilroi 

Microscopical  Examination. 


101).    Oyinophfcc*,  JnatKtna.T.    MgK.Arlhi-ottrtmut,  1;  Buphidtum,  t;  Sctntdamt 
iMr.Din»nca«».90;  Pirtdiaium.l;  Tra,'  ■—  ..-......„ 


3frloiira,St:  Sonidrn. 

..Idtum.t;  Sent* 

rUa,t.    Vtnoe*, 
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spbingfield. 
Water  Supply  of  Springfield. 

nieal  Examination  of  Water  from  the  Rtctiving  Basin  of  the  Springfield  Water 
Works,  at  Ludlow. 


Averages  by  Tears. 


302  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

SPRINGFIELD. 

Microscopical  Examination  of  Water  from  the  Receiving  Basin  of  the  SpringfitU 
Water  Works  at  Ludlow, 


III!       I 

N  S       X 
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SPRINGFIELD. 

Chemical  Examination  of  Water  from  Ludkm  Reservoir. 

[Parte  par  100,000.] 


Averages  by  Tears. 


$j     1        P» 


•  Winn  mots  than  ana  aainpla  km  colluded  In  a  month  the  mean  annlyala  for  ihai  n 

t  Tbrae  saalyaee  wen  madr  by  Trot.  William  R.  Nlcholi,  for  the  city  of  SprloftHeld 
acted  about  one*  a  ™t,  between  July  I,  1870,  and  Sept.  30,  lSVT. 
1  Jsd*  to  December,  f  Jennarj  to  September.  I!  May  to  Dae, 


™  the  reaervolr  2  or  3  feul 
For  nionlhly  reoord  dI  height  of  water,  aee  page  800. 
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SPKDfGFTELD. 

Microscopical  Examination  of  Water  from  Ludlow  Reservoir, 

Springfield. 
The  Dumber  of  organisms  found  in  the  samples  of  water  collected 
from  Ludlow  reservoir  in  the  months  of  January,  February  and  June 
was  insignificant.  In  March,  April  and  May  the  samples  contained 
respectively  3,850,  1,065  and  1,590  organisms  per  cubic  centimeter, 
consisting  almost  wholly  of  Dinobryon  or  Dinobryon  cases.  The 
results  of  the  microscopical  examination  of  samples  collected  during 
the  remainder  of  the  year  are  given  in  the  following  table :  — 

Microscopical  Examination  of  WaUr  from  Ludlow  Reservoir. 

I  Number  of  orfuiUm*  par  sable  ctatlmetor-} 
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SPRINGFIELD. 

Microscopical  Examination  of  Water  from  Ludlow  Heservoir  —  Concluded. 
[Nnmber  of  oignoliimi  per  cubic  ssilimetar.] 


mical  Examination  of  Water  from  a  Faucet  in  Springfield  supplied  from  the 
Springfield  Water  Work*. 

[Put*  per  100,000.  J 


Mot,  Mnlly  ngtubla,  becoming  itronfaron  hailing. Ttwiampls  wu  collected  fi 


Microscopical  Examination. 

b,  AttHoTUtla,  1.    InfiuorU,  PtHd Mum,  L    ToMl.l. 
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SPRINGFIELD. 

Table  showing  Height*  of  Water  in  Ludlow  Beservoir  on  the  First  of  Each  Month 
in  1895. 

No™.-  -Height  of  rollw.y,  M.l  feet  «bor«  bottom  of  rwervolr. 


»„.. 

JLl.ht  of 

..... 

JESASL 

iau. 

F«U 

ISM. 

FeM. 

Fob      1 

A        1 

M»y    1 

It  .40 

Water  Supply  of  Stockbridge.  —  Stockbridoe  Water 
Company. 

Chemical  Examination  of  Water  from  Lake  Averic,  Stockbridge. 

[PorU  par  100,000.] 


is  wcond,  decidedly  oily.—  Tho  lamiilci  w 


Microsco]tical  Examination. 


Ho.  14292.  DI»tom.ce«,  _4t«Wcmf» 
Alma,  ffcmaftmiu,  1.  Fungi,  Crtno 
ZnOglaa,  3.    Tola),  4". 


Fungi,  OrnoMrlz,  1.     InfuwiK 


Water  Supply  op  Stoneham. 
(See  Wakefield.) 
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stoughtox. 
Water  Supply  op  Stocghton. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Stougliton 
lative  to  an  additional  supply  of  water  for  the  town  may  be  found 
i  pages  47—50  of  this  volume.  Analyses  of  samples  of  water 
■Uected  during  the  investigation  for  an  additional  supply  may  be 
und  on  page  316  of  the  annual  report  for  1894. 

Chemical  Examination  of  Water  from  the  Stoughton  Water  Works. 

[P»rti  per  100,000.] 


Microscopical  Examination. 

Ho.  HIM.    Ko  onnkw. 

No.  HH34.    Dlalon>K»,  Dlatoma,  1;   Fragtlarta,  1;   Mtrldtm,  1 
[a.  loSiporit,  1.    Fongl,  OrmMaix,  8;  Hold;  1.    Total,  11. 


rATER      SCPPLT     OP     SWAMPSCOTT     AND     NAHANT.  —  MaBBLEHEAD 

Wateb  Company. 

In  1895  the  sources  of  supply  of  this  company  were  increased  by 
e  construction  of  temporary  works  for  drawing  water  from  a  sys- 
m  of  tea  tubular  wells  located  a  short  distance  east  of  the  Swnmp- 
ott  station,  in  the  angle  formed  by  the  main  line  of  the  Eastern 
ivision  of  the  Boston  &  Maine  Railroad  and  the  Marblehead 
ranch.  The  wells  are  in  the  vicinity  of  a  small  tributary  of  Stacy's 
:00k,  which  flows  through  this  territory,  and  are  in  a  line  parallel 

the  main  line  of  the  Eastern  Division.  They  are  12  feet  apart  in 
e  line,  and  range  in  depth  from  30  to  47  feet.  These  wells  are 
>m  800  to  1,000  feet  distant  from  the  wells  of  the  Marblehead 
'ater  Company  in  Paradise  Road.  Between  Aug.  6  and  Nov.  2, 
95,  about  14,500,000  gallons  are  said  to  have  been  drawn  from 
is  source  for  the  supply  of  the  towns. 
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8WAMP8COTT  AND  NAHADT. 

Chemical  Examination  of  Water  from  the  Well*  of  the  Marblehead  Water  Company, 


[Parte  por  loo.floo.) 


Averages  by  Tears. 
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.0086  |,  3.28 

.0022    12.12 
0018  1 10  62 

M77 

.4285 
111- 

- 

0001 

.0000 

- 

14  7 

.0081 

Microscopical  Examination. 
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8WAMPSCOTT  AND  NAHAXT. 

■mical  Examination  of  Water  from  Tubular  Welts  a  Short  Distance  East  of  the 
Swa-mpscott  Railroad  Station  in  Swampscott. 

[Parti  par  100,000.] 


r,  none. Theaaorplea 


imp  drawing  water  from  lbs  walla. 


Microscopical  Examination. 

0  organ  lima. 

Water  Supply  or  Taunton. 
Chemical  Examination  of  Water  from  Assauiompsett  Pond,  Lakeville. 

[Part*  per  100,000.] 


Averages  by  Years, 


Von  to  aoelyoeo  of  INS:  Odor,  general!;  faintly  Tagetable;  eomatlmH  nona.    In  May  (he  odor 

■oee  dJatlnetly  oily  on  heeling. Tha  eamplea  were  collected  from  the  pond  at  Uie  laUka  ol  the 

■Mas  Water  Work*. 
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TAUNTON. 

Microscopical  Examination  of  Water  from  Pond,  LakeviUe. 

[Number  of  orfulimt 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  811 

TAUNTON. 

Chemical  Examination  of  Water  from  Elder's  Pond,  Lakeville, 

[pgrti  per  100.000.] 
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Slight. 
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Averages  by  Fears. 
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TAUNTON. 

Microscopical  Examination  of  Water  from  Elder'*  Pond,  Lakeville, 
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TAUNTON. 

nieal  Examination  of  Water  from  the  Filler-basin  of  the  Taunton  Water  Works. 


Average!  by  Years. 
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TAUNTOir. 

Microscopical  Examination  of  Water  from  the  Filler-basin  of  the  Taunton  Water 
Works. 

[Number  of  orgauUmi  par  onblc  canllmelar.] 
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TAUNTON. 

Chemical  Examination  of  Water  from  the  Taunton  Biver,  at  Taunton. 

[Put*  p*r  100,000.] 


Averages  by  Tears. 


*  JlUW  IO  DttMOtMT. 

o  mouldy. Tin  **mpl*t  w*n  «oDwMd 


Microscopical  Examination. 

Ttrmfft  number  of  orfnulimi  par  cubic  csotlmotor  found  In  theio 
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Water  Supply  of  Uxbridge. 
of  Water  from  a  WtU  in  the  Yard  of  Caprm's  MM. 
[Part*  par  Iim.OOu.] 


Water  Sutply  or  Wakefield  and  Stoneham. — Wakefield 

Water  Company. 

Chemical  Examination  of  Water  from  Crystal  Lake,  Wakefield. 

[Put*  par  100,000.] 


Averages  by  Tears. 


•  Jnn*  in  Datamini.  I  January  to  October.  J  January,  Mireli  ai 

|  Thrae  In  October.  |  liar  "4  HoTembar. 

Efon  toaoalywaoflMi:  Odor  of  tha  BrM  aampla,  faintly  Tegolabla;  of  tba  Hcosd 

labia  and  piaii  of  Iba  third,  none;  ol  tba  fourth,  decided. Tha  lamplaa  were  > 

faucet  at  the  pumping  nation. 
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WAKEFIELD  ANI>  STONEHAM. 

Microscopical  Examination  of  Water  from  Crystal  Lake,  Wakefield. 

[Number  of  organisms  per  cubic  centimeter.] 


18*5. 


March. 


June. 


September. 


December. 


Day  of  examination, 
Number  of  sample, . 

PLANTS. 
Diatomaceee,    . 

Aaterionella,      • 
Cyclotella, .       • 
Fragilarla,         •       • 
Me)o»lra,    .... 

Synedra 

Tabellaria, 

Cyanophycen, 

Anabnna  spores* 
Microcystis,      • 

AlffW, 

Protoeoccus,     • 
Rapbidium, 

Fungi,  Molds, 

ANIMALS. 
Infusoria 

Cryptomonas,   • 

Peridlnium, 

Trachelomonas, 

Vermes,      .... 

Anurea,     .... 
Rotifer,      .... 

MUceUaneotu, 

Aearina,     .... 
Zodgloa,    .... 

Total,      .... 


14 
18074 


14 
14472 


13 
15138 


12 
15721 


f 

85 

52 

1 

0 

86 

0 

29 

0 

0 

4 

0 

0 

0 

9 

0 

0 

2 

1 

2 

5 

0 

75 

0 

0 

23 

0 

0 

52 

0 

0 

6 

4 

0 

6 

0 

0 

0 

4 

0 

6 

0 

182 

182 
8 
0 

28 
1 

18 

1 

0 
1 

0 

0 
0 


0 

0 
0 
0 


0 
0 


0 

0 
0 
0 

1 

0 

1 


1 

0 
0 

1 


1 

0 


1 
1 

0 


0 
0 


0 
0 


0 
89 


0 
0 


.04 

.04 
0 


2 


162 


58 


185 


Walpole. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Walpole 
relative  to  the  introduction  of  a  public  water  supply  from  the  ground 
in  the  valley  of  Low  Brook,  a  short  distance  above  its  junction  with 
the  Neponset  River,  may  be  found  on  pages  50  and  51  of  this 
volume.  The  analysis  of  a  sample  of  water  taken  from  test  wells 
in  the  vicinity  of  the  brook,  below  Washington  Street,  is  here  given. 

Works  for  supplying  the  town  of  Walpole  with  water  taken  from 
the  ground  in  this  vicinity  were  nearly  completed  at  the  end  of  1895. 
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Ctoferi  Exwmtm*i»m  *f  W*trfr*m  «  torn*  if  Tmbmlm-  Tt*  WtSs  —  ;fc  Ti3q 
*fL4mBn**,W#r*k- 


If      I      I 


ilr 


iLfJJ 


*1|  i 

■«         £        * 


I    i 


■*mkn%MUtlM4,MMH* 


Watse  SomT  or  Waltham. 


[Tmiibinm 


Averaget  by  Tear*. 

1M      . 

" 

M 

.<KJM 

MM  | 

WX^.MSOI     l.ll.MU 

Hd  Id  rniklDf  IM  ••■mi*. 
f  JiiMloDMmbtr. 


t  Junaiy  lo  tliy. 


in  uulyili  [or  that  month  hi 
1  July. 


'lyiu  oMMK ;  Odor,  BOM. Tb*  un>pl«  Mllctttd  Id  Juuiry,  Febrwv  ud  October 

war*  tuan  from  lb*  nlMr-bulB,  ud  ih«  mlwr  ■unptw  from  *  f«u«t  a  the  pumping  ■titlon. 

Miemeopieal  Examination. 

OmaUrla  WMMtMHIa  Mtaef  taw*  MaplM,  Ihi  UfkMI  nomber  fonnd  Id  mj  mnipla  b*tD|  W, 
Is  December.    Mo.  tlM  wu  not  «uunln»d.    No  orgutuu  w*r*  found  1p  tf>*  oth«r  iumpl**. 
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WALTHAM. 

Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Wallham 
Water  Work*. 

[Parti  par  100,000.]' 


Averages  by  Years. 


*  June  to  Dwxmbar.  t  January  to  Kay.  I  F»hrnary.  J  Hay. 

Kcm  to  analyiea  of  T8SS  :  Odor,  none,  eicepl  In  Jnn»  and  July,  nlira  It  wuDDplauant;  onheatt: 

■  faintly  gnuty  or  onpleaaaot  odor  wu  dtvalopad  In  torn*  of  th<  unipla*. Tho  lamplaa  * 

oollsetodfrom  the  rewrvolr. 
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WALTHAM. 

Microscopical  Examination  of  Water  from  the  Distributing  Reservoir  of  tke  Waltham 
Water  Works. 


Water  Supply  of  "Ware. 

Chemical  Examination  of  Water  from  a  Faucet  at  the  Pumping  Station  of  the 

Ware  Water  Works. 

[P»tu  par  100,000.] 
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WARE. 

Chemical  Examination  of  Water  from  a  Faucet  at  the  Pumping  Station  of  the 

Wart  Water  Works— Concluded. 

Averages  by  Tears. 

[Parte  par  100,000.] 


*  Jnoe  to  November. 
|  November. 

Rote  to  imlyui  of  IBM: 
Motion,  while  pumping  from  lb 

Microscopical  Examination. 

Washington. 
Chemical  Examination  of  Water  from  West  Pond  and  Soaring  Brook,  Washington. 

[Parte  per  100,000.] 


Odor  of  tbe  firm  two  and  leal  aamplae,  vegetable;  of  the  third  ample,  none. The  flratnmple 

we*  collected  from  Ww!  1'ond,  nr»r  IU  oenlre;  the  mood  i  and  lut  nap  lee,  from  Rotrlng  Brook,  iut 
the  outlet  of  West  1'ond ;  the  third  ■ample,  from  Roaring  Brook,  at  the  Brat  road  croielng  below  Weal 
Pond.  The  eamplet  were  collected  during  an  Inveallgatlon  relative  to  an  additional  water  lupply  lor 
PltleHeld. 

Microscopical  Examination. 

No.  148M.  nutomnccB,  CocmntU,  is;  CyctaUtla,  ?ao;  Synedra,  »',  Tabrllaria,  IS.  Cysnopby. 
e»,  lttrUmoprdla,  §;  MicracyttU, 2 ;  OtrfHoriu,  2.  Alga),  Om/rrva.S;  Oltracapia.X;  rediaitrum.l; 
Pntotocnt , 2d ;  /tup/itdlum,  4;  Sctntdimiu,  T.  Fnngi,  (VmoMrix, «.  Infuioria,  tHnobrynn  tairt.tH; 
Pwtdlnhu»,i\  mucin,  1;  Traihrlommai,  I.  Vermel,  Anuria,  »;  Rotatoria*  oro,  1.  Vlacellaneone, 
ZoOglaa,  SO.    Total.  1,018. 

No.UTzl.     Dliitorneeeie,  (Vnocffa.l;  Jrcrldton,!;  Syti(dru,l.    Mlicollaneoui,  ZoSglaa,i.    Total,  t. 

Noa.  1MST  and  10&3S  were  not  examined  mlcroeooplcelly. 
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WAXBBTOWN  AND  BELMONT. 

Wateb    Supply  or  Watertown  and  Belmont.  —  Watebtown 
Wateb  Supply  Company. 

Chemical  Examination  of  Water  from  a  Faucet  in  the  Pumping  Station  of  the 
Watertoum  Water  Supply  Company. 


Average*  by  Tears, 
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WATEBTOWN"  AMD  BKLMOST, 

Microscopical  Examination  of  Water  from  a  Faucet  in  the  Pumping  Station  of 
the  Watertown  Water  Supply  Company. 

[Number  of  orgwUmt  PEr  cubic  centimeter .] 


Chemical  Examination  of  Water  from  a  Faucet  in  Watertown,  supplied  fro. 
Works  of  the  Watertown  Water  Supply  Company, 

fF.ru  p«r  100,000.] 
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WATEKTOWN  AND  UKLMONT. 

Chemical  Examination  of  Water  from  a  Faucet  in  Watertoien,  supplied  from  the 
Works  of  the  Watertown  Water  Supply  Company  —  Concluded. 

Average!  by  Year*. 

(Put*  per  100,000.] 


OTl  to  iiulyMi  Dl  ISH !  Odor,  EBDsnlly  n. 

;  Id  October,  fatntlj  oily. The  aamplaa  * 

if  Wktoilawn. 


Microscopical  Examination. 

at  number  being  MI  In  tha  lut  u 


Chemical  Examination  of  Water  from  Faucet*  in  Watertown,  supplied  from  the 
Works  of  the  Watertown  Water  Supply  Company. 

[Parta  par  100,000.) 


Odor  of  Iba  But  umpla,  bods;  of  tha  othara,  falDtl;  vagetablo. 


Microscopical  Examination. 

ia  found  In  aacb  of  Ibaaa  mnpla. 
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WAYl^&ND. 


Water  Supply  op  Watland. 


Chemical  Examination  of  Water  from  the  Wat/land  Water  Works. 
[P*tu  par  100,000.] 


n  consisted  (rom  *  faneat  on  tbe  main  ptpa,  ud 


Microscopical  Examination  of  Water  from  the  Wat/land  Water  T 

[Number  at  or 
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"Watkb  Supply  of  Webster. 

Chemical  Examination  of  Water  from  the  Well  of  the  Webster  Water  Works. 

[Putt  ft  100,M».] 


Not»  to  UMljMt  of  IBM :  Odor,  non*  oxMpt  In  Haf,  wh«D  It  waimy  [ilnily  nnpluunt,  benomiug 

BgeUiblB  ou  butlDH. Tb*  SrHtvo  umplai  wen  eoltaiud  (rom»  [most  it  ths  pnitplnit  pUlion,  .ml 

N  oUwn  from  tb»  wall. 

Microscopical  Examination. 

So.  1  WW.    Fungi,  CrtnotMx,  «S. 

Mo.  1UI1.    Dluomtctm,  Syntdra.BO.    UlMolluMoni,  Codplaa,  31.    Total,  S3. 

No.  IMM  wai  not  (ualncd  mlnnmoptonllj. 

No  orgiDlanu  WHO  foODd  In  too  raia»lnlng  wmplH. 
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wellk6let. 

Water  Supply  of  Weixesley. 

Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Wetitilty  Witter 
Works. 

[T.ru  par  100,000.] 


Averages  by  Years. 


■  .lonti  to  December,                t  Jmnnmry  lo  Hay.  t  Septambor.  1  October. 

||  .Inly.                                       *  June  ud  Octabar.  "  July  and  Antrim. 

For*  lo  uaJywa  of  IbM:  Odor,  doh. The  umplH  vera  ool  lasted  from  tbo  HI  tot.  gull  cry. 

Microscopical  Examination. 

Mo.  U«>.     Puniri.  OfliaMrlx,  2. 
No.  M7B5.     No  org.nl. mi. 

GSemfcaJ  Examination  of  Water  from  the  Well  of  the  Wellesleg  Water  Works. 

[Parte  par  100.000,] 
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Averages  by  Tears. 
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Microscopical  Examination. 
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WBSHAM. 

Wenham. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Wenham 
relntive  to  the  use  of  water  from  Pleasant  Pond  in  that  town  as  u 
public  water  supply  may  be  found  on  pages  51  and  52  of  this 
volume.  The  results  of  the  analysis  of  a  sample  of  water  from  this 
pond  are  given  below. 

Chemical  Examination  of  Water  from  Pleasant  Pond,  Wenham. 

[Parti  par  100,000.] 


Odor,  very  faintly  vegetable,  besoming  at  ton  gar  on  hewing. The  Miopia  waa  collected  from  tha 

pond,  near  IK  outlet. 

Microscopical  Examination. 

Inftuorla,  Dinobrym,  1;  Dinobrym  auu,  10;  Ptridtntum,  1.    Total,  31. 

Water  Supply  of  Westborough. 
Chemical  Examination  of  Water  from  the  Upper  Sandra  Reservoir,  Westborough. 


'I  to  analyee.  of  IBM  :  Odor,  general!?  faintly  vegetable,  >0 
vegetable  and  dlaagreeabla.  On  heating,  an  oily  odor  »i 
iplei  warn  eollacted  from  the  uppar  ranei  voir. 
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WXBTBOROUGH. 

Microscopical  Examination  of  Water  from  the  Upper  Sandra  Reservoir, 
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WESTBOItOUGH. 

Chemical  Examination  of  Water  from  the  Lower  Sandra  Reservoir,  Westbvrough. 

[Psru  par  loo  .too.  ] 


:-j  :  n-: 

4MK 


Microscopical  Examination  of  Water  from  the  Lower  Sandra  Beservoir,  Went' 
borough. 
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WE8TBOBOUGH. 

Microscopical  Examination  of  Water  from  the  Lower  Sandra  Reservoir,  West- 
borough —  Concluded. 

[Somber  o(  orgulem*  per  coble  sentlmolsr.) 
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Water  Supply  of  Westborough  Insane  Hospital,  West- 
borough. 
Chemical  Examination  of  Water  from  the   Tubular  Wells  al  the    Weslborough 
Insane  Hospital. 


Averages  by  Tears. 
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WESTBOROUGH. 

A  communication  from  the  selectmen  of  North  borough  to  the 
State  Board  of  Health  relative  to  the  pollution  of  Little  Chauncy 
Pond  by  the  sewage  of  the  Westborough  Insane  Hospital,  and  the 
advice  of  the  State  Board  of  Health  to  the  trustees  of  the  West- 
borough  Insane  Hospital  relative  to  the  disposal  of  the  sewage  from 
this  institution  may  be  found  on  pages  70  and  71  of  this  volume. 

Analyses  of  samples  of  water  from  Chauncy  and  Little  Chauncy 
ponds  are  given  below. 

Chemical  Examination  of  Water  from  Chauncy  Pond,  Westborough. 

[PnlH  pel"  100,000.] 


Odor,  faintly  vegetable;  on  heating,  distinctly  mouldy. The  (ample  iu  collected  from  ■  fat 

l be  pomp  drawing  water  from  Ohanoey  Pond. 

Microscopical  Examination. 

An  Insignificant  nnmhor  of  oraanlimi  waa  found  In  thla  eample. 

Chemical  Examination  of  Water  from  Chauncy  and  Little  Chauncy  Ponds, 
Westborough. 

[Parti  per  100,000.] 


Odor  of  the  flrat  aaniple,  falnily  vegetable,  becoming 

■tincily  dtaagreeable. The  litit  lample  waa  collects 

cond  from  Little  Chauncy  1'ond  at  Ha  oullel.    The  aao 
lailv*  to  the  alleged  pollution  of  Little  Chauncy  Pond 


Microscopical  Examination. 

imaeete,  Atttrionrlta,  t;    Cuclatrila,  30;  Fragilaria,  202;   JftoMirti.S;  Synrdra, 

.,  _..     Alga),  CAforucSHiM,  18;  Kaphldium.lO;   Sw»'fJ™»t,':';    <iL,i.r'i*irum,  -1 ;   Zot,i- 
igl.  Btggintoa.  2      Infusoria,  Mnnai,  1.     Vermee,  Anuria,  2.    Cruatacea,  Dapliaia,  .02. 


2;    Aficracyntit, 

£«a,6.    Tung „ ,-      
iecellaneona,  Acarlna,  .02;  Zofiglaa,  60.    Total. 


»u  .i*~..  uUtomaeeai,  Pragtlarla.  00;  MtloUra,  1)4,  Meridian,  I;  Slauronrlt,  2;  .lynettra,  10, 
lyanophyceai,  Anabtma,  W0;  C'(o«ro™«/f«,  I;  Jftcroi-yjd'Jt,  '.»;  Oirirtarfa,  2.  Al«n-.  H4™«:rn,  3; 
bmMrflim,  It  Protoeoceiti,  16;  Raphlttium,  2;  SeswmtMMM,  2:  A"taura«(runi,  9;  Zofiiiiorini,  lftS, 
'ungl,  ObiKWi,  11.  InroeorU,  frfnooTvon,  3;  ArtHptftm,  Ij  iynii™,  41|  Uroattna,  M.  Vermel, 
Inurm,  2;  Rotifer,  I.  Cruitacea,  Cuelopi,  .02:  i?upAn(n,  .OS.  Mlacellaneoua,  Jmriiia.  .04:  ZoSalaa, 
.    Total,  1611. 


No.  34.]    EXAMINATION  OF  WATER  SUPPLIES. 


WEST  FIELD. 


Wateh  Supply  of  Westfield. 


Hie  advice  of  the  State  Board  of  Health  to  the  town  of  Westfield 
relative  to  taking  the  water  of  Munn  Brook  in  Granville  as  an  addi- 
tional water  supply  for  Westfield  may  be  found  od  page  52  of  this 
volume. 


Chemical  Examination  of  Water  fron 

[PutU  p«  100,0 


the  Westfield  Water  Works. 


Odor  of  tbu  firatiample,  dlatlnelly  TafaUblaud  snplaauiit;  of  lb 

Klul,  fnlmly  vegetable. The  flrit  aample  waacollaated  from  thai 

Mad,  from  the  dlitrlbutlog  reeerrolr  near  the  gate-home;  and  the  In 


d,  dlatlnctly  TOftMbta;  < 
i  ■  faucet  lo  tha  town, 


Microscopical  Examination  of  Water  from  the  Westfield  Water  Works. 
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WESTFIELD. 

Microscopical  Examination  of  Water  from  the  Weslfield  Water  Works  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


Aug. 


1895. 


Ang. 


Aug. 


ANIMALS. 


Infusoria, 

Pinobryon  cases, 
Peridinlum,     . 
Tinilnntdium, 
Trachelomonaa, 
Vorticella, 


Vermes,  Anurea,     . 
Crustacea,  Boamina, 


JiltcellaneouM, 


Acarina, 
Zottglosa, 


16 

11 
3 
1 
1 
0 

1 
,10 


.08 
880 


0 
0 
0 
1 
0 


580 

0 
680 


2 
0 

1 
(I 

0 

1 


0 
0 


Total, 


1,060 


602 


11 


Weston. 

The  advice  of  the  State  Board  of  Health  to  the  petitioners  for 
incorporation  as  the  Weston  Water  and  Electric  Company  relative 
to  taking  a  water  supply  for  the  town  of  Weston  from  springs  in 
that  town  may  be  found  on  pages  52  and  53  of  this  volume.  The 
results  of  analyses  of  samples  of  water  collected  from  tubular  wells 
near  the  source  of  Cherry  Brook  and  from  tubular  wells  near  Central 
Avenue  are  given  in  the  following  table. 

Chemical  Examination  of  Water  from  Tubular  Test  Wells  in  Weston, 

[Part*  per  100,000.] 
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Odor  of  the  first  sample,  none.    The  second  sample  had  an  odor  of  marhine  oil. The  first  sample 

was  collected  from  a  driven  well  near  the  upper  source  of  Cherry  Brook,  aud  the  second  from  a  driven 
well  iu  a  meadow  north  of  Central  Avenue. 

Microscopical  Exam  in  ation. 

No.  14237.    Fungi,  Crenothriz,  1.    Miscellaneous,  Zooyltea,  68.    Total,  69. 
No.  14574.    No  organisms. 
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west  springfield. 
Watee  Supply  op  West  Spbingfield, 

la  the  spring  of  1895  the  works  for  supplying  West  Springfield 
with  water  were  enlarged  by  the  construction  of  a  pipe  line  to  divert 
the  water  from  springs  in  the  valley  of  Block  Brook  into  the  brook 
supplying  West  Springfield  Reservoir. 

The  water  of  the  springs  is  collected  in  a  small  wooden  collecting 
well  located  on  the  easterly  side  of  Block  Brook,  about  three-quarters 
of  a  mile  above  the  point  where  it  is  crossed  by  the  Westfield  road. 
The  water  flows  by  gravity  from  the  well  to  the  brook  which  sup- 
plies the  West  Springfield  Eeservoir. 


Watee  Supply  of  Weymouth. 
Chemical  Examination  of  Water  from  Great  Pond,  in 

[Farta  per  100.000.] 


Averages  by  Yean. 
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WEYMOUTH. 

Microscopical  Examination  of  Water  from  Great  Pond,  in  Weymouth. 

[Noubar  of  orgBnUm*  per  cnbla  oaBtlmetat.] 
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Water     Supplt    of    Willtamstown.  —  Williamstown    Watee 

COMPANY. 

The  advice  of  the  State  Board  of  Health  to  the  Williamatowo 
Water  Company,  relative  to  taking  the  water  of  Flora  Glen  Brook 
as  a  source  of  additional  water  supply  for  the  town,  may  be  found 
on  page  53  of  this  volume. 

Chemical  Examination  of  Water  from  Cold  Spring  Reservoir  and  from  Sherman 
Spring,  Wiltiamstown. 

[Porto  per  100,000.] 


imple  iu  collected  from  Cold  Spring  lla.e 

Microscopical  Examination. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  337 

WILLIAMSTOWN. 

Chemical  Examination  of  Water  from  Flora  Olen  Brook,  Williumstown, 

[Fan*  f"  100,000.] 


Odor,  none.— Tin  umple  vu  collected  from  the  brook,  above  Hie  ille  of  n  proposed  reaervolr. 


Microscopical  Examination. 


Wotchendcw. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Winchen- 

don  with  regard  to  the  use  of  water  from  the  ground  in  Prentiss 

Meadow  as  a  source  of  water  supply  for  the  town  may  be  found  on 

pages  54  to  57  of  this  volume. 


Water  Supply  or  Wikohesteb. 
During  the  last  two  years  there  has  been  a  marked  increase  in  the 
amount  of  chlorine  present  in  the  water  of  North  Reservoir,  which 
is  shown  in  the  table  of  averages  by  years  of  chemical  examinations 
of  water  from  this  source,  given  below.  Thia  increase  is  probably 
due  to  the  increase  in  population  upon  the  portion  of  the  watershed 
of  the  reservoir  within  the  village  of  Stoneham.  It  was  found  by 
examination,  in  1895,  that  this  portion  of  the  watershed  contained 
400  people. 
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WINCHESTER. 

Chemical  Examination  of  Water  from  the  Worth  Reservoir  of  the  Winchester  Wattr 
Works. 

[FarU  per  100,000.] 


Averages  by  Years. 
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wiycnESTER. 

Microscopical  Examination  of  Water  from  the  North  Reservoir  of  the  Winchester 
Water  Workt. 

[Number  of  orgnDltm*  par  cubic  centimeter.] 


840  STATE  BOARD  OF  HEALTH.         [Pub.  Doc 

WINCHESTER , 

Chemical  Examination  of  Water  from  the  South  Reservoir  of  the  Winchester 
Water  Works. 
[Put*  per  ioo,dm).] 


1 


Averages  by  Tears. 


Nora  to»n»ly«>of  I8D6:  Odor,  until  September,  ft 
Utile;  in  Octobir,  nnplMMBt;  Ln  November  end  Dece 
were  collected  from  the  rnaervair,  near  the  gala-houM. 
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WINCHESTER. 

Microscopical  Examination  of  Waterfront  the  South  Reservoir  of  the  Winchester 
Water  Works. 

[Number  at  organlim*  par  cable  oenttmitor.] 


K         ft 

i    I  « 


i  i 

KM  ft 


S  X         ft 
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WINCHESTER. 

Chemical  Examination  of  WaUr  from  the  Middle  Eeservoir  of  the  Winchester 
Water  Works. 
[Paru  per  100,000.] 


.0U0.ffi0010.6SSS     1 
.00*3  .0000   j.TSi    1 


icrvolr  for  lie  lupply  0 
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WISCIIE9TER. 

Microscopical  Examination  of  Water  from  the  Middle  Reservoir  of  the  Winchester 
Water  Works. 

[Number  of  organltmi  per  cable  oeDtlmsler.] 


K  K         « 


3 
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WOBUBS. 

Watbe  Sdpplt  of  Woburn. 

Chemical  Examination  of  Water  from  Ike  Filter-gallery  of  the  Woburn  Water 

Works. 

[Paru  ftr  100,000.] 


Averages  by  Tears. 


Nora  to  SD.lj'tw  of  1805 :  Odor,  nooe. The  lunplti  wen  collected  from  the  Qltcr^Ucry. 


Microscopical  Examination. 
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WOBTJEN. 

Chemical  Examination  of  Water  from  Horn  Pond,  Woburn, 

[Psrli  per  100,000.] 


Averages  by  Tears. 


STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 


WOBCKS. 

Microscopical  Examination  of  Waltr  from  Horn  Pond,  Woburn. 

[N Qtnbar  or  orgsnltiu.  par  cubic  at Minuter.] 


Water  Supply  of  Worcester. 

In  the  latter  part  of  18!>4,  the  Lynde  Brook  Reservoir  becoming 

nearly  exhausted,   a  temporary  connection  was  made  between  this 

Reservoir  nnd  Kettle  Brook,  and  water  was  drawn  from  the  latter 

source  for   the   supply  of   the  city.      Early  in   1895   the  city   of 
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WORCESTER. 

Worcester  decided  to  make  Kettle  Brook  a  permanent  addition  to 
its  water  supply  system,  and  laid  a  30-inch  cast  iron  pipe  conduit 
from  the  Kent  Reservoir,  on  Kettle  Brook,  to  the  Lynde  Brook 
Reservoir- 
Above  Kent  Reservoir,  on  Kettle  Brook,  nre  three  other  reservoirs, 
known  as  the  Mann  Reservoir,  Bottomly  Pond  and  the  Arnold 
Reservoir.  Analyses  of  water  from  the  Lynde  Brook  and  Hoklen 
storage  reservoirs  and  from  the  reservoira  on  Kettle  Brook  are  given 
in  the  tables  which  follow. 

The  advice  of  the  State  Board  of  Health  to  the  c:ty  of  Worcester 
relative  to  the  use  of  Kettle  Brook  as  an  additional  source  of  water 
supply  for  the  city  may  be  found  on  pages  57  and  58  of  this  volume. 

Leicester  Scpflt.  —  Chemical  Examination  of  Water  from  Lynde  Brook 
Storage  Reservoir. 


■i-  m 


*« 


Average*  by  Teara. 

a. 


Note  lo  rninlygri  of  W6:    Odor, 
NoT*mlwr,  dlHlm-ily  TrgeUbli.    On 
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WORCESTER. 

Microscopical  Examination  of  Water  from  Lyndt  Brook  Storage  Reservoir, 

[Number  of  organisms  par  cubic  conilmnlcr.] 
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WORCESTER. 

Holden  Supply.  —  Chemical  Examination  of  Water  from  Tatnuek  Brook  Storage 

Reservoir. 

[Pitt*  par  100,01X1.] 


Averages  by  Tears, 


Not  ■  U  analyMa  of  1M&:  Odor,  ge Bert  11  j  faintly  Tegelanle,  rarely  unplaaaaot,  frequeol 
1  beallog.  Id  April,  [he  odor  wa*  dlaagreeable  on  heating;  Id  May,  unpleatant  and  oily,  — 
impla  vu  collected  from  the  reaarvolr  at  Ihe  end  of  the  so-loth  pipe  throagh  the  dam ;  the 
c  outlet  below  iLb  dam;  and  the  others,  from  the  reaarvolr  at  thcgete  boueo,  1  foot  beneath  1 

For  record  of  heights  of  water  In  tbla  reaervolr,  lee  page  330. 
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WORCESTER. 

Holden  Supply.  —  Microscopical  Examination  of  Water  from  the  Tatnuck 
Brook  Storage  Reservoir. 
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TVORCE9TKB. 

Chemical  Examination  of  Water  from  Kent  Beservoir  on  Kettle  Brook  in  Leicester. 

[I'uu  per  100,000.] 


implaa  wore  eoLlvcled 


No.  16501.    DlatomMM*.  AMerkmflto,  8T;  4;  J/aeleula,  1;   Synciru,  t; 

Tobeltarla.*.    Algic,  ^rttnudmw,  I;  1.    Fungi,  O-moUrix,  8.     lofu- 

■orla,  DItiobryon,  74;  TratMtomontu,  1.    M  Ton],  101. 

No.  16743.    Dluomuao,  jfifcrtoufJa,  It.    Alg»,  «<ipA(Jiur«,3;  2od(pon>,  1.    Fungi,  C 
3.     Total,  10. 


Chemical  Examination  of  Water  from  Mann  Betervoir  on  Kettle  Brook,  Leicester, 

[P*.rt*  pw  100,000.] 
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WORCESTER. 

Microscopical  Examination  of  Water  from  Mann  Reservoir  on  Kettle  Brook* 

Leicester. 


[Number  of  organisms  per  cubic  centimeter.] 

189*. 

Feb. 

June. 

July. 

Aug. 

Sept. 
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Nov. 
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;     Dec 

Day  of  examination, 
Number  of  sample, . 
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Sceoedesutus, 

Btaurastrura, 

Staurogenla, 


Fungi.  Crenothrtz, 


9 

819 

212 

0 

0 

0 

0 

0 

176 

0 

5 

0 

0 

0 

0 

8 

800 

33 

0 

1 

0 

pr. 

7 

1 

0 

1 

1 

0 

0 

0 

1 

3 

1 

pr. 

2 

0 

0 

0 

0 

pr. 

44 

18 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

6 

0 

0 

24 

11 

0 

11 

0 

pr. 

0 

0 

0 

2 

2 

0 

0 

0 

0 

2 

0 

266 

29 
96 
0 
0 
188 
0 
1 
0 
0 
2 
0 


858 

4 
840 
0 
8 
0 
0 
1 
8 
2 
0 


154 

1 
0 
2 
0 
144 
0 
2 
2 
1 
2 
0 


0 
2 
3 
0 
0 
14 
7 
8 
1 
0 


130 

0 

0 

4 

12 

68 

6 

8 

2 

6 

24 

0 


20 

0 
0 
0 
0 
0 
10 
2 
4 
0 
4 


200 


282 

224 

0 

0 

13 

24 

0 

1 

0 

0 

7 

13 


0 
0 
1 
0 
0 
0 
1 
0 
0 
0 


10 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 


0 
0 
0 
0 
0 
0 
5 
0 
0 
0 


ANIMALS. 

Infusoria,    . 

Codonella, . 

Dlnobryon, 

Dlnobryon  oases, 

Mallomooas, 

Perldlnium, 

Tlntlnnldlum,    . 

Trachelomonas, 


Vermes, 

Anurea,      • 
Nais,  . 
Hotatorian  ova, 


0 

2 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

i 

195 

0 
85 
0 
0 
160 
0 
0 


0 
0 
0 


19 

615 

6 

0 

1 

0 

6 

460 

0 

0 

162 

0 

1 

1 

0 

12 

0 

0 

0 

1 

0 

0 

0 

6 

0 

2 

2 

0 

0 

0 

0 

0 

2 

° 

2 

0 

18 

2 

16 
0 
0 
0 
0 
0 


0 
0 
0 


6 

0 
5 
0 
0 
1 
0 
0 


0 
0 
0 


Jfi§cellaneou9,  Zoftgl&a, 


40 


Total, 


868 


420 


648 


801 


364 


352 
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WOKCE8TEB. 

Chemical  Examination  of  Water  from  Bottomly  Pond,  Paxton. 

[Pitt*  par  100,000.) 


Microscopical  Examination  of  Water  from  Bottomly  Pond,  Paxton. 

[SnmtM  Of  orgmliini  p*r  cqble  mtlnwltr.] 
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WOHCE8TEB. 

Microscnpii-.td  Examination  of  Water  from  Bottonily  Pond,  Paxlon —  Concluded. 

[Number  of  organluna  per  enble  unllmatar.} 


IN.. 

June. 

Jolj. 

Au». 

Mt 

Od. 

Not. 

DBS. 

ANIMALS. 

4 

0 

• 
0 

1 
■ 

t 

D 

a 

I 

0 

T 

0 

■ 

4 
0 

a 

IT 

41 

11 

0 
0 

3 

ifltct Uanroui,  ZoBf  lisa,       .... 

■ 

I 

i 

D 

« 

■1    " 

118 

n 

«« 

tit 

™i  •"!   - 

Chemical  Examination  of  Water  from  Arnold  Reservoir  on  Kettle  Brook,  Paxton. 

[PirU  per  100, 000.] 
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WORCESTER, 

Microscopical  Examination  of  Water  from  Arnold  Reservoir  on  Kettle  Brook,  Paxton. 

[Number  of  organisms  per  cable  centimeter.] 


1899 


Jane. 


July. 


Aug. 


Sept. 


Oct 


Not. 


Day  of  examination, 
Number  of  sample, 


89 

14660 


28 
14660 


20 
14862 


17 

16177 


17 
16363 


21 
16662 


PLANTS. 


Diatomaoeee, 

Asterlonella, 

Cyclotella, 

Diatoma, 

Navlcula, 

Surlrella, 

Bynedra,  . 

Tabellaria, 


Cyanophyceee, 


Cbrobooccns, 

Microcystis, 

Osclllaria, 


A  Iff®, 


Artbrodesmus, 
Chloroeoccus, . 
Coemarium,     . 
Eudorina, 
GlcMcapsa, 
Pandortna, 
Protococcns,  . 
Rapbldlura,     . 
Bcenedesmus,  . 
Btaurastrum,  . 
Staurogenla,    . 


Fungi,  Crenotbrix, 


28 

0 
0 
0 
0 
0 
28 
0 


0 
0 
0 


882 

0 

0 

1 

0 
40 
0 
620 
1 
0 
0 
0 


40 


28 

0 
20 
0 
0 
0 
0 
6 


82 

0 

0 

82 


81 

0 
0 
0 
0 
1 
0 

24 
0 
0 

86 
0 


68 


57 

28 

4 

0 

2 

0 

28 

0 

0 

0 

6 

0 

1 

8 

1 

0 

3 

0 

28 

14 

3 

0 

1 

0 

48 

0 

0 

6 

0 

0 

40 

0 

0 

0 

0 

0 

1,881 

185 

40 

8 

0 

0 

140 

0 

0 

0 

0 

0 

8 

0 

0 

48 

2 

0 

11 

0 

0 

1,866 

76 

36 

20 

24 

0 

14 

6 

1' 

6 

2 

0 

0 

26 

4 

18 

4 

24 

18 

4 

4 
0 
0 
0 
6 
2 


0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


ANIMALS. 


Infusoria, 


Dlnobryon, 
Dinobryon  case*, 
Pcridinlum,     . 
Phacas,    . 
Trachelomonas, 
Vortlcella. 


Vermes, 


Anurea,  . 
Polyartbra, 
Rotatorlan  ova, 
Rotifer,    . 


Crustacea,  Dapbnia, 


0 
0 
0 
0 
0 
0 


0 
0 
0 
0 


0 

0 
0 
0 
0 
0 


,02 


0 
0 
0 
0 


,02 


888 

18 

2 

844 

13 

0 

216 

0 

0 

44 

2 

1 

0 

1 

1 

84 

1 

0 

0 

1 

0 

11 

8 

1 

0 

1 

1 

4 

0 

0 

6 

6 

0 

1 

0 

0 

0 

0 

0 

0 
0 
2 
0 
0 
0 


0 
0 
0 
0 


Mltc£llaneou§,  Zodgloea, 


Total, 


730 


175 


40 


2,466 


105 


74 


12 


34 
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WOBGB8TKH. 

Secord  of  Height  of  Water  in  Leicester  and  Eolden  Storage  Reservoirs  on  the  First 

of  Each  Month  in  1895. 

Not*  —Leicester  Betervotr,  height  of  railway,  37.40  feet;  Holden  Reservoir,  height  of 
railway,  80.10  feet. 


Date. 

HUtWT  OF  Watbe. 

Date. 

Height  or  Watbe. 

Lefeeeter. 

Holden. 

Leicester. 

Holden. 

ISM. 

Jin.    1,  .             . 

Feb.    1,  . 

Ifarohl 

April  1,  .      .       .      . 
May    1,  .       .      .      . 
June    !,.... 

Feet 
12.10 

21.87 

20.00 

27.06 

88.66 

88.80 

Fett. 
18.80 

21.86 

20.78 

27.80 

80.08 

80.04 

ism. 

July  1,     .       .       .       . 

Aug.  1 

Sept.  1,     .       .       .       . 
Oet.  1,     .       .       .       . 
Not.  1,     .       .       . 
Dee.  1,     • 

Feet. 
82.10 

80.80 

28.88 

26.87 

30.00 

36.86 

Feet. 

80.83 

29.26 
27.40 
26.26 
80.00 
80.26 

Wrentham. 

The  advice  of  the  State  Board  of  Health  to  G.  H.  Bacon  and 
others  of  the  village  of  Plainville,  in  the  town  of  Wrentham,  relative 
to  taking  the  water  of  the  Ten  Mile  River  as  a  source  of  public  water 
supply  for  the  village,  may  be  found  on  page  58  of  this  volume. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  North 
Attleborough  relative  to  taking  water  from  Ten  Mile  River  for  a 
supply  of  the  town  of  North  Attleborough  and  the  village  of  Plain- 
ville may  be  found  on  page  35  of  the  annual  report  for  1894,  and 
analyses  of  water  from  this  source  may  be  found  on  page  268  of  the 
same  volume. 


EXAMINATION  OF  RIVERS. 


[867] 


EXAMINATION  OF  RIVERS. 


Regular  monthly  examinations  have  been  made  during  the  year 
1895  of  the  waters  of  the  Blackstone,  Deerfield,  Hoosac,  Housa- 
tonic,  Merrimack,  Nashua,  Neponset,  Saugus,  Taunton  and  Ware 
rivers,  and  occasional  examinations  of  other  rivers  in  the  State. 
A  special  examination  of  the  Blackstone  River,  similar  to  that  made 
in  1891,  was  made  during  the  week  of  September  4-11.  A  special 
examination  of  the  Neponset  River  was  made  in  the  drier  portion 
of  the  year,  in  connection  with  investigations  of  the  sanitary  condi- 
tion of  the  river  and  the  Fowl  Meadows,  made  under  direction  of 
chapter  83  of  the  Resolves  of  1895.  Examinations  were  also  made 
of  the  Charles  River  at  Milford  and  a  small  tidal  stream  known  as 
Crane's  River  at  Danvers,  in  consequence  of  complaints  as  to  their 
sanitary  condition. 

Most  of  the  results  of  these  examinations  will  be  found  arranged 
alphabetically  by  rivers  in  the  following  pages,  but  some  of  them 
are  given  on  preceding  pages,  in  connection  with  the  examination 
of  water  supplies,  under  the  names  of  towns  where  the  samples 
were  collected,  as  follows :  — 

Page 

Charles  River  at  West  Roxbury, 129 

Merrimack  at  Lawrence, 191 

Merrimack  at  Lowell, 204 

Neponset  at  Hyde  Park, 185 

Saugus  at  Saugus, 214 

Taunton  at  Taunton, 315 


BLACK8TONE   RlVER. 

The  regular  monthly  examinations  of  the  Blackstone  River  have 
been  continued  since  June,  1887,  and  the  average  results  for  each 
calendar  year  and  for  the  six  months  of  each  year  from  June  to 


360 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


BLACKSTOXE  RIVER. 

November,  as  well  as  the  detailed  analyses  for  1895,  are  given  in 
the  tables  which  follow. 

During  the  year  ending  Nov.  30,  1895,  an  average  of  15,700,000 
gallons  per  day  of  mingled  sewage  and  brook  water,  taken  from  the 
Mill  Brook  channel,  were  treated  at  the  Worcester  Precipitation 
Works,  by  the  addition  of  about  1,030  pounds  of  lime  per  1,000,000 
gallons  of  8 e wage,  the  effluent  and  the  excess  of  the  flow  of  Mill 
Brook  over  the  amount  treated  being  discharged  into  the  river. 
The  first  of  the  following  tables  is  taken  from  the  report  of  the 
superintendent  of  sewers  of  the  city  of  Worcester  for  the  year  end- 
ing Nov.  30,  1895,  and  contains  the  monthly  averages  of  analyses 
of  sewage  and  effluent  and  the  per  cent,  removed  by  treatment. 

The  special  examination  of  the  river  was,  as  nearly  as  practicable, 
a  repetition  of  the  examination  made  in  July,  1891,  and,  like  that 
examination,  was  made  at  a  time  of  low  flow  in  the  stream,  in  order 
that  the  results  of  the  examinations  might  be  comparable.  The 
advice  of  the  State  Board  of  Health  to  the  town  of  Millbury,  relative 
to  the  pollution  of  the  Blackstone  River  by  the  sewage  and  sewage 
effluent  from  the  city  of  Worcester,  may  be  found  on  pages  67-69 
of  this  volume. 

Worcester  Sewage  Purification  Works. 
Abstract  of  Analyses  of  Sewage  and  Effluent. 

[Taken  from  the  annual  report  of  the  superintendent  of  sewers  of  the  city  of  Worcester  for  the 

year  ending  Nov.  30,  1895.J 

[Parts  per  100,000.] 


DATE  OF  COLLECTION. 


Sewage,  December,  1894, 
Effluent,  December,  1894, 
Parte  removed, 
Per  cent,  removed, 

Sewage,  January,  1896, 
Effluent,  January,  1895, 
Parts  removed, 
Per  cent,  rsmoved, 

Sewage,  February,  1895, 
Effluent,  February,  1895, 
Parts  removed, 
Per  cent,  removed, 


Ammonia. 

ALBUMINOID. 

• 

•6 

■o 

%i 

4) 

•o 

► 

e 

• 

• 

3 

© 

S 

• 

m 

9 

U. 

H 

A 

QC 

.254 
.229 
.025 
9.84 

.310 
.274 
.036 
11.01 


.272 
.033 
.239 
87.94 

.217 
.021 
.190 
90.33 

.805 
.022 
.283 
92.79 


OXTGEX 

C0N8IMKD. 

i 

• 

•a 

o 

• 

•> 
C 

s 

£ 

:j 

U, 

5. 38 

3.02 

2.36 

43.86 


3.16 

2.M 

0.33 

10.44 


6.23 

3.21  | 

2.K5 

2.6.i  • 

2.38 

0..S6 

45.51 

17.45 

5.60 

3.46 

3.11 

2.91 

2.49 

0.55 

44.46 

15.90 

6.30 
0.29 
0.01 
0.16 

6.38 
6.28 
0.10 
1.67 

7.27 
7.27 
0.00 
0.00 
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Worcester  Sewage 
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BLACKSTONE  RIVER. 

Averages  of  Chemical  Analyses  of  Water  from  the  Blackstone  River 

for  the  Years  1888  to  1895,  inclusive. 

Blackstone  River  between  Mitt  Brook  Channel  and  the  Sewage  Precipitation  Works. 

[Parts  per  100,000.] 
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1  KKM1>UB  Oil 
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*    i 

•    1 

• 
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t 
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• 

3 

o 

a 

m 

mm 

Jlooo,    •■*•.. 

0.04 

. 

*» 

.2112 

.1040 

_ 

1 
-  i 

.0370 

.0029 

1       ~ 

1889,  .       . 

»               • 

0.70 

- 

- 

.2841 

.1198 

.0029 

.0609  I 

1.06 

.0236 

.0024 

1    . 

1880,  . 

ft               • 

0.82 

- 

- 

.1800 

.1024 

.0649 

.0475 

1.03  | 

.0307  i.0014 

- 

1801,  .       . 

►              • 

0.80 

13.64 

4.00 

.8340 

.1603 

.0840 

.0723  | 

1.73 

.0333 

.0032 

4.6 

1802,  •       , 

ft              • 

0.71 

10.28 

4.86 

.2680 

.1202 

.0027 

.0635  | 

1.84  ' 

.0312 

.0001  | 

4.9 

1803,  . 

»              • 

0.08 

17.06 

4.88 

.1429 

.0003 

.0325 

.0277 

1.04  1 

.0180 

.0012  i 

4.5 

11W4,   • 

►              • 

0.86 

17.17 

6.68 

.0739 

.0670 

.0804 

.0260 

0.88  i 

.0196    .0006 

3.7 

1806,  . 

►              • 

0.84 

18.40 

4.02 

j.0607 

1 

.0374 

.0229 

Mti\ 

0.86  ' 

1 

1.0175 

! 

.0007 

2.9 

Blackstone  River  below  Sewage  Precipitation  Works. 


18OT,   •••••• 

1 
0.64  1 

„ 

— 

.2112 

.1040 

— 

— 

1889,  •       . 

ft                • 

0.76  ' 

- 

- 

.2841 

.1198 

.0629 

.0569 

1890,  .       . 

ft                • 

0.74 

- 

- 

.2263 

.1177 

.0581 

.0596 

1891,  . 

►                • 

0.80 

16.02 

4.52  j 

.4080 

.1303 

.0695 

.0608 

1892,  . 

i               • 

0.63  ' 

19.35 

5.29 

.3633 

.1442 

.0737 

.0705 

1893,  . 

»                • 

0.74 

26.65 

6.54 

.8757 

.1447 

.0864 

.0583 

1894,  . 

.     0.60 

: 25.75 

6.61  1 

.4228 

.1309 

.0946 

.0363 

1896,  . 

. 1  0.79 

19.14 

4.78  | 

.2298 

.0840 

.0573 

.0267 

Blackstone  River  at  Uxbridgc. 


1888,  . 

1889,  . 

1890,  . 

1891,  . 

1892,  . 
1898,  . 

1894,  • 

1895,  . 


ft                • 

0.45 

• 

. 

.0979 

ft                 • 

0.28 

- 

- 

.0992 

ft                  • 

0.25 

- 

mt 

.1168 

ft                • 

0.27 

8.82 

1.94 

.1647 

ft              • 

0.21 

8.69 

1.90 

1.2113 

.  '  0.40    :  9.45 

1.91 

.1603 

ft                • 

0.51 

10.80 

1.97 

.1372 

• 

0.64 

10.66 

2.44 

.1081 

.0284 
.0300 
.0214 


.0191  .0109 
.0152  .0062 


0.61  .0322 
0.00  \  .0253 

0.66  .0272 

-  ,1 


.0272  .0197  .0075   0.77  .0396 


.0222  j.0153  .0069 
.0256  .0167  .0089 


0.82  ,1.0326 


.0008 
.0009 
.0006 
.0008 
.0007  i 


1.00  ,.0424  .0029 


.0242  .0187  .0055  i  1.22  |.040O  .0032 

.0315  .0243  .0072 

I     , 


1.05  j.0439  .0037 

II     ' 


Blackstone  River  at  Millvillc. 


1888,  . 

1889,  . 

1890,  . 

1891,  . 

1892,  . 

1893,  . 

1894,  . 
1896,  . 


0.47 
0.39 
0.34 
0.82 
0.35 
0.40 
0.49 
0.68 


- 

- 

6.06 

1.83 

6.03 

1.62 

6.23 

1.63 

6.37 

1.90 

7.47 

2.27  j 

.0444  .0253 

.0450  1.0277  .0206  .0071 

.0587  ..0211  .0162  .0049 

.0807  j.0293  .0194  .OOW 

.0896  .0249  .0180  .00^9 


.0899  .0288 
.0528  .0219 


.0225  .0063 
.0173  .0046 
.0501  .0253  .0189  .0064 


0.44  ,  .0242  .0005  ' 
0.43  .0160  '.0004  ! 
0.46  .0240  .0004 
0.55  .0275  .0005 
0.54  .0218  '.0004 
0.66  ,  .0289  :.0O08 
0.73  .0232  .0008 
0.74  .0278  .0016 


II 


2.8 
2.8 
3.2 
4.0 
3.9 


1.9 
1.8 
2.0 
2.5 
2.7 
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BLACKSTONK  RI VKR. 
AVERAGES  OF  CHEMICAL  ANALYSES  OF  WATER  FROM  THE  BlaCKSTONE  RlVER 

for  Six  Months,  from  June  to  November,  mclcsive,  of  Each  Year 
from  18S7  to  1895. 
Blaekstone  Biver  between  Mill  Brook  Channel  and  the  Sewage  Precipitation  Works. 

[Part*  per  100,000.] 


WTK   Lis* 

"       S   IE 

Blaekstone  Biver  below  Sewage  Precipitation  Work*. 


Blaekstone  Biver  at  Uxbridge. 


Blaekstone  Biver  at  Millville. 


70  month*.    No  umpk  vu  obtilued  Id  Jane. 
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BLACKSTONE  BIVER. 

Chemical  Examination  of  Water  from  Blackstone  River  between 

[Parts  per  100,000.] 


1 
2 
8 
4 

6 

6 

7 

8 

0 

10 

11 

12 


13 


8 

o 


o 


13871 

13870 

14006 

14157! 

14343' 

14400, 

14686 

14878' 

15190 

15376 

15572 

15757 


Av. 


1895. 

Jan.  16 
Feb.  20 
Mar.  19 
Apr.  16 
May  21 
June  19 
July  23 
Aug.  20 
Sept.  17 
Oct.  15 
Nov.  19 
Dec.  17 


Appearance. 


Turbidity. 


Sediment 


DUtlnct,  milky. 
Decided. 
Decided. 
DUtlnct. 
Decided. 
Decided,  milky. 
Decided. 
Distinct,  milky. 
Distinct,  rusty. 
Decided. 
Decided. 
Distinct,  milky. 


Cons.,  dark. 

Heavy,  brown. 

Cons. 

Cons. 

Cons  ,  rusty. 

Heavy,  rusty. 

Heavy,  rusty. 

Heavy,  ru»ty. 

Heavy,  rutty. 

Cons. 

Cons. 

Blight,  earthy. 


1.40 
0.48 
1.50 
1.30 
1.30 
0.18 
0.10 
0.08 
0.08 
1.25 
1.25 
1.20 


0.84 


Residue  ox  Evapobatiox. 




TOTAL  RESIDUE. 

LOSS  OK   IQKITIOS. 

• 

t 

• 

"2 

±  © 

c 

1    V 

s 

s 

o 

i  o 

•  • 

,3 
3& 

H 

Q 

ec 

1    *■ 

Q 

/» 

9.60 

8.20 

1.40 

[ 

;    3.20 

1.80 

1.40 

1  24.00 

16.20 

7.80 

1  7.40 

4.20 

3.20 

12.80 

10.00 

2.80 

:  2.40 

1.80 

0.60 

9.00 

4.80 

4.20 

,  2.40 

2.20 

0.20 

11.20 

7.60 

8.60 

1  2.60 

2.40 

0.20 

14.00 

9.60 

4.40 

1  4  80 

3.80 

1.00 

15.40 

10.40 

5.00 

4.00 

1.70 

2.30 

15.20 

9.60 

6.60 

5.40 

3.40 

2.00 

17.60 

14.80 

2.80 

3.80 

2.60 

1.20 

11.20 

9.60 

1.60 

4.40 

4.00 

0.40 

11.60 

9.80 

1.80 

4.60 

3.40 

1.20 

9.20 

7.40 

1.80 

3.20 

2.80 

0.40 

13.40 

9.83 

3.57 

4.02 

1 

2.84 

1.18 

Odor,  disagreeable  or  offensive. The  samples  were  collected  from  the  river,  about  200  feet  below 

the  Iron  bridge.    Nos.  18870  and  14686  were  collected  on  Wednesday,  and  the  other  samples  on  Tuesday. 
The  samples  were  collected  at  various  hours  between  8.10  a.m.  and  1.30  p.m. 


Chemical  Examination  of  Water  from  Blackstone 

[Parts  per  100,000.] 


.. 

1 

1 
Collection. 

Appkarakck. 

1 
i 

Kesidi 

E  OS  Evapobatiox. 

TOTAL  residue. 

LOSS 

OK  1GX1TIOX. 

•o 

■a 

1 

■3 

•a 

la 

o 

Turbidity. 

Sediment. 

.     i 

9i 

> 

i 

a 

o 

o      1 

o 

sU  ij  l 

AS 

aS 

* 

Q 

W 

H 

1 

5 

CC          ||       t- 

« 

CO 

1895. 

i 

I 

1 

1 

1 

1 

li 

1 

13672  Jan.  15 

;  Distinct,  milky. 

Cons.,  dark. 

1.20 

15.00 

13.00 

2.00  1    2.80 

2.40 

0.40 

2 

13871   Feb.  20 

Decided. 

Heavy,  brown. 

1.00  ' 

21.40 

14.60 

6. SO    '  3.80 

3.40 

0.40 

3 

14007,  Mar.  19 

Decided. 

Heavy,  dark. 

0.25 

i  18.40 

11.40 

7.00  |j  5.60 

2.40 

3.20 

4 

14158  Apr.  16 

i  DUtlnct. 

Cons. 

1.00 

1     9.60 

6.60 

3.00  I1  3.80 

2.60 

1.20 

5 

143441  May  21 

Decided. 

Heavy,  rusty. 

0.90 

1  17.00 

12.80 

4.20    i  5.60 

4.60 

1.00 

6 

14501,  June  19 

1  Distinct,  milky. 

Heavy,  brown. 

0.22 

!  24.40 

18.00 

6.40  1,  6.40 

3.60 

2.80 

7  114087'  July  23 

Decided. 

Cons.,  brown. 

0.66 

1  24.40 

21.40 

3.00  1    4.50 

3.70 

0.80 

8  114879  Aug.  20 

Decided,  rusty. 

Heavy,  runty. 

0.40 

1  19.50 

16.50 

3.00  •!  5.40 

4.10 

1.30 

9  115191  Sept.  17 

i  Decided,  rusty. 

Heavy,  rusty. 

0.20 

38.00 

35.40 

2.60  !,  6.60 

6.20  , 

0.40 

10  '15377  Oct.    15 

Decided. 

Cons. 

1.50  , 

!  15.00 

12.60 

2.40  I1  4.60 

3.40  ' 

1.20 

11 

15573  Nov.  19 

1  Derided. 

Cons. 

1.25 

1  11.00 

9.60 

2.00  i    3.60 

2.20  1 

1.40 

12 

15758  Dec.  17 

,  Distinct,  milky. 

Cods.,  brown. 

0.90  1 

| 

j  15.40 

13.20 
15.42 

2.20  | 

4.60 

4.20  | 

1 

0.40 

13 

i 

0.79  ' 

1 

I 

19.14 

i 

3.72 

1 
4.78 

3.57  1 

1 

1.21 

1 

l 

■ 

Odor,  disagreeable,  generally  offensive. The  samples  were  collected  from  the  river,  above  Millbnry 

and  below  the  point  where  the  eflluent  from  the  Worcester  Sewage  Precipitation  Works  enters  the  river. 
Nos.  13871  and  14687  were  collected  on  Wednesday,  and  the  remaining  samples  on  Tuesday.  The  sam- 
ples were  collected  at  various  hours  between  8 .20  a.m.  and  1.40  p.m. 
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BLA.CKSTONE  KIVEE. 

Mill  Brook  Channel  and  the  Worcester  Sewage  Precipitation  Works. 

[Part*  per  100,000.] 


Ammonia. 

Chlorine. 

NlTKOOEN  AS        ' 

l 

iBOK. 

• 
c 

4 

X 

ALBCMIHOID. 

i 

2 

Nitrites. 

1 

s 

a 
D 

• 

t 

• 

s 

i 

o 

i 

> 

Sus- 
pended 

.0102 

.0284 

.0240 

.0044 

i 

1     1.00 

.0200 

.0006     ' 

0.3000 

0.2200 

1.0 

1 

.0390 

.0350 

.0140 

.0210 

1    0.81 

.0000 

.0020    ! 

1.6800 

1.1600 

-. 

2 

.0960 

.0430 

.0300 

.0130 

1    0.78 

.0230 

.0010 

0.8200 

0.6400 

3.6 

3 

.0608 

.0400 

.0252 

.0148 

0.76 

.0370 

.0007 

0.6760 

0.4300 

2.3 

4 

.0112 

.0320 

.0208 

.0112 

0.52 

.0070 

.0002 

0.4600 

0.2000 

1.7 

6 

.0310 

.0488 

.0172 

.0316 

i    0.60 

.0080 

.0006 

1.2200 

0.0040 

2.6 

6 

.0720 

.0380 

.0170 

.0210 

0.77 

.0080 

.0001 

0.9400 

0.0280 

8.6 

7 

.0868 

.0304 

.0172 

.0182 

I    1.16 

.0070 

.0004 

0.0000 

0.1200 

2.7 

8 

.0000 

.0230 

.0190 

.0040 

j    1.02 

.0100 

.0004 

1.6800 

1.5000 

7.0 

0 

.0464 

.0492 

.0416 

.0076 

1    0.76 

.0400 

.0012 

0.3100 

0.2400 

2.3 

10 

.0860 

.0500 

.0340 

.0250 

1    1.22 

.0300 

.0011 

0.2500 

0.2200 

2.3 

11 

.0320 

.0220 

.0160 

.0070 

1    0.80 

.0260 

.0005    i 

0.4000 

0.3640 

1.7 

12 

.0607 

.0374 

.0220 

i 
.0145    ; 

1 

|    0.86 

.0175 

.0007 

0.7030 

0.4346 

1 

2.0 

13 

Not  examined. 


Microscopical  Examination. 


River  below  the  Worcester  Sewage  Precipitation  Works. 

[Parts  per  100,000.] 


Ammonia.                            , 

i 
i 

1 
i 

*   i 
I 

o 

KlTKOaKM  At        1 

Ikon.            ' 

• 

m 
a> 

Of 

s 
•a 

u 
<3 

ALBUMINOID 

i 

i 

s 

mm 

1 

I 

i 

! 

i 

• 

3 

o 

1 

12 

QS- 

pended. 

£ 

H 

5 

x          1 

o 

fc 

2     ! 

p 

E 

1            = 

.1660 

.0510 

.0450 

.0060 

1.36 

.0450 

i 

.0017    ' 

0.2400 

.1500    j 

1 

'        4.4 

1 

.1636 

.0708 

.0464 

.0244 

1.40 

.0220 

.0008 

0.7600 

.2160     i 

i          - 

2 

.1360 

.1750 

.1130 

.0620 

1.17 

.0420 

.0016 

0.0400 

.0600     , 

3.6 

3 

.0448 

.0364 

.0264 

.0100    < 

0.50 

.0480 

.0010 

0.2500 

.1640     ! 

2.6 

4 

.1680 

.0870 

.0620 

.0250    1 

1.08 

.0800 

.0025 

0.3400 

.1080     ! 

5.0 

6 

.3600 

.0940 

.0480 

.0460     ' 

i    1.90 

.0150 

.0200 

0.0000 

.0440 

7.6 

6 

.4660 

.1020 

.0620 

.0400    | 

,    2.06 

.0060 

.oooo  ; 

- 

.0900     ' 

9.3 

7 

.1760 

.0910 

.0600 

.0310 

|    1.50 

.0220 

.0040 

0.0800 

.1400     i 

6.4 

8 

.7680 

.1290 

.1040 

.0250 

i    3.40 

.0100 

.0105 

1.6400 

.6700 

15.2 

0 

.1036 

.0676 

.0472 

.0204    j 

1     1.13 

.0680 

.0018     ' 

0.«>900 

.2700 

j         3.8 

10 

.0840 

.05&0 

.0370 

.0180    ; 

|     1.11 

.0400 

.0013 

0.3900 

.1300 

2.5 

11 

.1620 

.0400 

.0360 

.0130 

<     1.43 

!                | 

.0700 

.0025 

0.3200 

.1800 

,        4.9 

12 

.2208 

.0840 

.0573 

i 

.0267     ' 

! 

1.52    ! 

i 

.0347 

.0040 

0.6682 

.1768 

5.8 

i 

13 

Not  examined. 
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Chemical  Examination  of  Water  from  Blaclatone  River  at  Uxbridge. 

[I'.i-U  per  100,000.] 


id  iimpl;  nu  collected  Id  >  month  the  memn  luilyiia  for  tint  month  hu  b«n 


„  d.m  of  tho  Culun 


Microscopical  Examination. 

und  In  theee  Hmplea  varied  from  38  to  1034  [ 
lUQLlant,  BDdBTetiglngSM. 
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Chemical  Examination  of  Water  from  Elackslone  River  at  Miilville,  Blaekslonc 


Odor,  mnatjr  and  frequently  alio  d1*ag nubia.    The  Iron  win  deter 

the  avenge  amount  being  .071*. Tha  aamplta  were  oollBcled  from 

the  villi geol  Mlllvllle. 

Microscopical  Examination. 

Tha  nomber  of  organfenn  (ound  In  IbeH  aampln  varied  from  131 
■vengad  399,  Zooglaa  being  generally  Uie  moat  abundant,  and  avcragin  j 


Special  Examination  op  the  Blaokstone  Rivee  and  Worcester 
Precipitation  Works  in  September,  1895. 

The  examination  was  made  during  the  week  ending  Sept.  11,  1895, 
and  was  conducted  as  nearly  as  possible  in  the  same  manner  as  the 
examination  made  in  July,  1891,  described  on  page  267  of  the  report 
of  the  State  Board  of  Health  for  1891. 

The  method  of  collecting  the  sewage  of  Worcester  and  conveying  it 
to  the  precipitation  works  remains  the  same  as  in  1891.  Nearly  all 
of  the  sewage  of  the  city  is  discharged  into  Mill  Brook,  the  channel 
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of  which  has  practically  been  converted  into  a  sewer,  having  an  oat- 
let  into  the  Blackstone  River  at  Quinsigamond  Village.  The  main 
sewer  leading  to  the  precipitation  works  leads  out  of  the  Mill  Brook 
channel  near  its  lower  end,  and  under  ordinary  conditions  the  whole 
flow  of  Mill  Brook  is  diverted  into  the  sewer  by  means  of  a  dam, 
but  at  times  a  portion  of  the  flow  of  the  brook  passes  over  the  dam 
and  enters  the  river  without  treatment. 

In  addition  to  the  sewage  of  the  city  of  Worcester,  Mill  Brook 
receives  the  natural  drainage  from  a  watershed  of  about  12.5  square 
miles,  and  its  flow  is  consequently  subject  to  great  fluctuations. 
The  character  of  the  sewage  of  Worcester  has  been  fully  described 
in  previous  reports.  Its  composition  is  very  variable,  both  on 
account  of  the  fact  that  the  sewage  is  mingled  with  the  water  of 
Mill  Brook  and  on  account  of  the  large  amount  of  manufacturing 
sewage  which  it  receives,  and  which  contains,  at  times,  large  amounts 
of  iron  salts  discharged  from  the  iron  wire  works  in  the  city. 

At  the  time  of  the  examination  in  1891  the  normal  capacity  of  the 
precipitation  works  was  about  5,000,000  gallons  per  day,  and  during 
the  examination  a  little  over  6,000,000  gallons  per  day  of  sewage 
from  the  Mill  Brook  sewer  was  treated  at  the  works.  A  much  larger 
amount  than  this  was  conveyed  to  the  works,  but  the  excess  was  dis- 
charged untreated  through  a  by-pass,  and  entered  the  river  with  the 
effluent.  The  works  were  enlarged  in  1893,  and  the  new  works, 
which  are  said  to  have  a  capacity  of  15,000,000  gallons  per  day,  and 
to  be  capable  of  treating  with  good  results  a  somewhat  larger 
quantity,  are  thought  to  be  of  sufficient  capacity  to  take  the  whole 
flow  of  Mill  Brook  under  ordinary  conditions. 

The  amount  treated  during  the  examination  in  1895  averaged 
about  13,000,000  gallons  per  day,  somewhat  over  twice  the  amount 
treated  at  the  works  during  the  previous  examination,  and  all  of  the 
mingled  sewage  aud  brook  water  conveyed  to  the  works  was  treated, 
the  by-pass  being  closed. 

The  general  results  of  the  examinations  of  1895  are  shown  in  the 
tables  which  follow,  while  the  detailed  results  are  shown  in  tables 
beginning  on  page  376.  For  convenience  in  comparing  the  results 
of  the  examination  of  1895  with  the  examination  in  1891,  the  gen- 
eral results  for  the  latter  examination  are  reprinted,  as  far  as  is  prac- 
ticable,  in  the   tables  of  general  results  which  follow.     The  total 
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volume  flowing  in  the  various  channels  during  each  examination  is 
given  in  the  table  on  page  374.  From  this  table  it  will  be  seen 
that  the  average  flow  in  Mill  Brook  channel  was  somewhat  greater 
in  1895  than  in  1891,  and  that  a  very  small  proportion  of  the  flow 
of  Mill  Brook  was  discharged  into  the  river  without  treatment,  as 
compared  with  the  volume  discharged  in  this  way  in  1891.  The 
discbarge  of  sewage  directly  into  the  river  during  the  examination 
of  1895  was  caused  partly  by  leakage  past  the  dam  and  partly  by  a 
shower  which  began  at  about  10  p.m.  on  the  night  of  Monday,  Sep- 
tember 10,  and  caused  the  water  in  Mill  Brook  to  overflow  the  dam. 
The  total  flow  of  the  river  below  the  precipitation  works  averaged 
26,830,000  gallons  per  day  in  1895,  as  compared  with  35,840,000 
gallons  per  day  in  1891. 

The  amount  of  lime  per  1,000,000  gallons  used  for  the  purifica- 
tion of  the  sewage  during  the  week  of  the  examination  was  consider- 
ably in  excess  of  the  average  amount  used  during  the  year,  and  the 
purification  of  the  sewage  attained  was  greater  than  is  ordinarily 
attained  in  the  operation  of  the  works.  The  results  of  the  examina- 
tion show  that  the  condition  of  the  river  below  the  place  where  the 
effluent  from  the  Worcester  precipitation  works  is  discharged,  and 
in  the  town  of  Milbury,  was  practically  the  same  as  at  the  time  of 
the  special  examination  in  1891. 
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BLACKSTOSTE  HIVEB. 

Comparison  of  Analyses  of  Sewage  and  Effluent  from  Ike  Worcester  Precipitation 
Works  during  the  Week  ending  July  29. 1891,  and  the  Week  ending  Sept.  11, 
1895. 

[Put*  per  100,000.] 


Non.  —  Tha  bacterlologloi 
of  bacteria  In  the  mwigt,  u  nbt 
bouri  rln  ring  the  dmy. 
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Comparison  of  Analyses,  made  during  Week  ending  July  29,  1891,  and  Week 
ending  Sept  11, 1895,  of  the  Water  of  the  Blackstone  River  above  and  below 
the  Points  where  the  Worcester  Sewage  and  Sewage  Effluent  are  discharged. 

[Parts  per  100,000.] 


1891. 

1S95. 

Above 

Mill  Brook 

Channel. 

Between 
Mill  Brook 

Channel 

and  the 
Precipitation 

Works. 

Below  the 

Precipitation 

Works. 

Above 

Mill  Brook 

Channel. 

Between 
Mill  Brook 
Channel 
and  the 
Precipitation 
Works. 

Below  the 

Pre- 
cipitation 
Works. 

.44 

.33 

.96 

.20 

.83 

Residue  on  evaporation,  — 

Total 

6.94 

27.84 

85.89 

8.66 

23.46 

39.41 

Dissolved,        .       • 

-• 

16.71 

23.69 

- 

19.11 

36.81 

Suspended, 

- 

11.13 

12.20 

- 

4.36 

4.10 

Loss  on  ignition,     . 

2.68 

8.37 

9.56 

3.47 

5.17 

8.17 

Dissolved, 

- 

6.19 

5.86 

- 

4.16 

7.12 

Suspended, 

- 

3.18 

3.69 

- 

1.01 

1.05 

Fixed  residue,        • 

4.36 

19.47 

26.34 

6.18 

18.29 

81.24 

Dissolved, 

- 

11.62 

17.83 

- 

14.96 

28.19 

Suspended, 

- 

7.96 

8.51 

- 

8.34 

3.06 

Free  ammonia, 

.0166 

.2699 

.6233 

.0309 

.2627 

.7574 

Albuminoid  ammonia,  . 

.0489 

.1168 

.1869 

.0477 

.0678 

.2128 

Dissolved, 

.0318 

.0416 

.0780 

.0392 

.0377 

.1670 

Suspended, 

.0171 

.0763 

.1089 

.0085 

.0301 

.0458 

Chlorine, 

.27 

1.67 

2.48 

.65 

1.23 

8.52 

Nitrogen  as  nitrates, 

.0117 

.0134 

.0115 

.0080 

.0102 

.0086 

Nitrogen  as  nitrites, 

.0001 

.0026 

.0052 

.0010 

.0015 

.0105 

Oxygen  consumed,  — 

Unflltered,        .       . 

.7030 

1.3241 

1.7809 

.7416 

1.5182 

1.8428 

Filtered 

- 

.4246 

.6606 

- 

1.2094 

1.6116 

Iron  oxide,  (Fei  Os), 

0.36 

4.46 

8.52 

0.20 

3.33 

2.05 

Lime  (Oa  O),  . 

0.77 

1.60 

4.33 

0.95 

2.41 

7.90 

Sulphuric  acid  (80s),    . 

0.80 

5.39 

7.62 

1.10 

7.91 

11.80 

Bacteria  per  cubic  centimeter, 

77,760 

47,560 

16,650 

17,000 

2,000 

9,000 

Note.  — The  bacteriological  examinations  were  made  Sept.  15, 1891,  and  Oct.  12, 1895. 
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BI1ACK8TOHB  RIVER. 

Comparison  of  Analyses,  made  during  the  Week  ending  July  29*  1891*  of  the 
Water  of  the  Blackstone  River,  from  a  Point  just  below  the  Precipitation 
Works  at  Worcester  to  Millvtile.  This  Table  represents  the  Portion  of  the 
River  where  the  Pollution  of  the  Water  is  decreasing  as  the  Distance  from 
Worcester  increases. 


1901. 


Below 
Precipitation 

Worke, 
Woreeeter. 


Outlet  of 

Moree'a 

Mill-pond, 

Military. 


BHow 

LaetDamtn 

lUllbary. 


Dam  of 

Calumet 

Woolen  Co., 

Uxbridge. 


Above  Dam 
at 

MUlvllle. 


Aran  of  waterahed  (aq.  mllee), 
BeJatlve  eteee  of  watersheda, 
Color. 


Beaidae  00  evaporation,  — 

Total 

Dissolved,   •  . 

Suspended,. 

Lots  on  Ignition, 
DLMolved,  . 
Sospended,  • 

Fixed  resldae,  . 
Dlaeolved,  . 
Suspended, .  . 

Free  ammonia.  . 


Albuminoid  ammonia, 
Diaaolved,    .       . 
Baapended, . 

Chlorine,    . 


Nitrogen  as  nitrate*,        . 

Nitrogen  aa  nitrltee, . 

Oxygen  eonaumed,  — 
Unflltered,  . 
Filtered,      •       • 

Iron  oxide  (Fes  Oi), . 

Lime(GaO) 

Sulphuric  add,  (SO3),     • 

Baeterla  per  eoble  oentiraeter, 


64.6 
1.00 


86.80 
88.60 
18.90 


0.66 
6.86 
8.60 


36.84 

17.88 

8.61 


.6238 


.1860 
.0780 
.1080 


2.48 


.0116 
.0052 


1.7800 
.6606 


8.52 

4.88 

7.62 

16,650 


70.6 
1.00 
.10 

88.60 

88.90 

6.80 

7.60 
6.10 
3.40 

31.00 

18.10 

2.00 

.6070 

.1060 
.0420 
.0640 

2.85 

.0060 

.0000 

1.0455 
.5030 

8.87 

4.88 

0.30 

84,600 


88.0 
1.80 
.10 

20.60 

16.00 

4.60 

8.80 
8.40 
1.40 

16.80 

18.60 

8.20 

.5010 

.0500 
.0280 
.0310 

1.71 

.0070 

.0001 

.5830 
.4705 

1.00 

3.63 

7.18 


146.0 


3.36 


.34 


11.07 


3.60 


8.48 


.2506 

.0845 
.0271 
.0074 

0.87 

.0443 

.0004 

.1330 
.1170 

0.17 

1.00 

3.43 


.1 
4.00 
.36 

7.48 


2.40 


5.00 


.0878 

.0214 
.0163 
.0061 

0.52 

.0350 

.0002 

.4270 
.2730 

0.12 

1.12 

1.75 


Note.— The  bacteriological  examinations  were  made  Sept.  15, 1881. 


No.  34.] 


EXAMINATION  OF  BIVERS. 


373 


BLACKSTONE  RIVER. 

Comparison  of  Analyses,  made  during  the  Week  ending  Sept.  12,  1895,  of  the 
Water  of  the  Blackstone  River,  from  a  Point  just  below  the  Precipitation 
Works  at  Worcester  to  Millville.  This  Table  represents  the  Portion  of  the 
River  where  the  Pollution  of  the  Water  is  decreasing  as  the  Distance  from 
Worcester  increases. 


1895. 


Below 
Precipitation 

Work*, 
Worcester. 


Outlet  of 

Morse's 

Mill-pond, 

atUlburr. 


Below 
La*t  Dam  In 

Mlllbury. 


Dam  of 

Calumet 

Woolen  Co., 

Uxbrldge. 


Abore  Dam 

at 

MHWille. 


Area  of  watershed  (sq.  miles)! 
Relative  sizes  of  watersheds,  . 
Color, 


Residue  on  evaporation,  — 
Total,  .... 
Dissolved,  .  .  • 
Suspended, .       .       . 

Loss  on  ignition, 
Dissolved,  . 
Suspended, . 

Fixed  reMdue,  • 
Dissolved,  . 
Suspended, . 

Free  ammonia,  . 


Albuminoid  ammonia, 
Dissolved,   .       . 
Suspended,  • 

Chlorine,  . 


•       • 


Nitrogen  as  nitrates,         .       • 

Nitrogen  as  nitrite*, . 

Oxygen  consumed,  — 

Unflltered 

Filtered,      . 

Iron  oxide  (Fo2  O3), . 

Lime  (Ca  O) 

Sulphuric  acid  (SO3), 

Bacteria  per  cubic  centimeter, 


64.6 
1.00 
0.83 


80.41 

85.81 

4.10 


8.17 
7.12 
1.06 


81.24 

28.10 

8.05 


.7674 
.2128 


.1670 
.0458 


8.52 


.0086 
.0105 


1.8428 
1.6115 


2.05 
7.90 
11.80 
9,000 


70.6 
1.09 
0.80 

87.00 

84.90 

2.10 

4.70 
4.50 
0.20 

82.80 

80.40 

1.90 

.9210 

.1040 
.0755 
.0285 

8.57 

.0000 

.0002 

1.5870 
1.5650 

1.85 

8.91  ' 
18.12 
94,000 


83.9 
1.80 
0.27 

28.60 

25.70 

2.90 

5.60 
6.10 
0.50 

23.00 

20.60 

2.40 

.6750 

.0740 
.0515 
.0225 

2.82 

.0000 

.0102 

1.2675 
1.1505 

0.37 

6.65 

9.30 


145.9 


2.26 


0.18 


16.50 


8.70 


12.80 


.0947 

.0223 
.0181 
.0042 

1.75 

.0750 

.0064 

.3648 

.07 
3.44 
4.07 


258.1 


4.00 


0.25 


10.79 


2.61 


8.28 


.0298 

.0205 
.0178 
.0027 

1.13 

.0426 

.0018 

.3746 

.08 
2.06 
2.41 


Note.  — The  bacteriological  examinations  were  made  Oct.  12, 1895. 
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BLACK8TOHK  KIVEB. 

Comparison  of  Analyses  of  Water  from  the  Blackatone  River  in  Millbury,  above 
Singletary  Brook,  made  in  1872, 1875, 1881, 1891  and  1895. 

[P.rU  per  100,000.) 


A.fr.ue 

Averwa 

Avfrmt 

KnT.8, 

Jolj, 

iEtfSf 

'sfcftP1 

iSs 

Tonlraildfl.or.nr.por.tloo 

gM 

Cbkirin 

l.» 

2.40 

3.65 

».M 

Average  Daily  Flow  of  Sewage,  Sewage  Effluent  and  Hirer  Water  at  Worcester 
during  the  Weeks  beginning  at  8  a.m.,  July  22,  1891,  and  8  a.m.,  Sept.  4, 
1895. 

[Cubic  feat  par 
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BL.ACKSTONE  RIVER. 

In  the  following  tables  are  given  the  detailed  results  of  the  exami- 
nations of  1895. 

As  already  stated,  the  samples  were  taken  in  the  same  manner  and 
at  the  same  places  as  in  1891.  In  collecting  the  samples  of  sewage 
for  chemical  analysis  one  bottle  was  filled  every  six  hours,  and  its 
contents  were  made  up  of  twelve  equal  half-hourly  collections.  The 
samples  of  effluent  were  collected  in  the  same  way,  but,  as  the 
amount  of  sewage  being  treated  required  about  six  hours  for  its 
passage  through  the  tanks,  the  samples  of  effluent  were  taken  six 
hours  later  than  the  corresponding  samples  of  sewage.  In  collect- 
ing the  samples  from  the  river  above  and  below  the  precipitation 
works  three  bottles  were  filled  every  twenty-four  hours,  each  bottle 
being  made  up  of  two  or  three  equal  portions.  From  other  points 
on  the  river  and  its  tributaries- only  one  sample  per  day  was  collected, 
but  wherever  it  was  practicable  this  sample  was  made  up  of  from 
two  to  four  equal  portions. 
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BLACKSTONE  IUVEB. 


38 
39 
40 
41 


42 


Chemical  Examination  of  Worcester  Sewage, 

[rarts  per  100,000.] 


% 

a 

a 

Date  or  — 

Appearance. 

KKBIDCK  ON  EVAPO- 
RATION. 

Collection  — 1895. 

a 
o 

S3 

Turbidity. 

• 

8ediment. 

• 

TOTAL  X181DUK. 

m 
o 

• 

> 

2 

m 

5 

1   « 

c 

s. 

I 

1 

2 
8 
4 

6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

14972 
14981 
14995 
14992 
15006 
15010 
15015 
15<U7 
15023 
15030 
15034 
1603(5 
15053 
15054 
15061 
15062 
15063 
15074 
1508S 
15090 
15100 
15114 
15118 
15120 
15140 
15142 
15150 
15152 

Septei 
4 
4 

4-5 
5 
6, 
5, 

5-6 

o. 

6 

o. 

6-7, 

7, 
7, 
7, 

7-8 
8, 
8 
8 

8-9, 

o, 

9, 

9-10, 
10, 
10, 
10, 
10-11, 
11. 

nber. 

,  8  A.M.  to  2  P.M. 
,  2  p.m.  to  8.30  P.M. 
,  8  P  M.  to  2  A.M. 
,  2  AM.  to  8  A.M. 

8  A  M.  tO  2  P.M. 
,  2  P.M  to  8  P.M. 
,  8  P.M.  tO  2  A  M. 
,  2am   to  8  A  M. 
,  8a.M.  to  2  P  M. 
,  2  P.M.  to  8  P.M. 

8  P  M    tO  2  A  M. 

2AM    tO  8  A.M. 

8  A  M.  to  2  P.M. 
,  2  P  M.  10  8  P.M. 
,  8  P.M.  tO  2  A.M. 
,  2  A.M.  to  8  A  M. 

,8am  to  2  p  m. 
2  p.m.  to  8  p  m. 

8  P.M    tO  2   A  M, 
2  AM    tO  8   A  M. 

8  am.  to  2  p  m. 
2  P.M.  to  8  P.M. 
8  P.M.  to  2  A.M. 

2  A  M.  to  8  am. 
8am  to  2  p  m. 
2  p.m.  to  8  pm. 

H  P.M.  to  2  AM. 
2  a  m.  to  8  A.M. 

Sept. 

5 

5 

5 

5 

6 

6 

6 

0 

7 

7 

7 

7 

8 

8 

8 

8 

8 

9 

9 

9 
10 
10 
JO 
10 

11 
11 
11 
11 

Thick,  black. 
Decided,  milky. 
Distinct,  dark. 
Decided,  milky. 
Thick,  black. 
Decided,  milky. 
Distinct,  milky. 
Decided,  milky. 
Thick,  dark. 
Decided,  dark. 
Distinct,  milky. 
Distinct,  milky 
Thick,  black. 
Thick,  black. 
Dec'd,  yellow. 
Dec'd,  brown. 
Thick,  yellow. 
Decided,  milky. 
Decided,  thick. 
Decided,  milky. 
Thick,  black. 
Distinct,  gray. 
Thick,  dark. 
Thick,  brown. 
Thick,  black. 
Distinct,  milky. 
Decided,  niilky. 
Decided,  milky. 

Heavy,  black. 
Heavy,  black. 
Heavy,  dark. 
Cons  ,  yelluw. 
Heavy,  black. 
Heavy,  black. 
Heavy,  dark. 
Cons.,  brown. 
Heavy,  black. 
Heavy,  black. 
Heavy,  dark. 
Cons.,  Hoc. 
Heavy,  black. 
Heavy,  black. 
Heavy,  dark. 
Heavy,  brown. 
Heavy,  black. 
Heavy,  dark. 
Heavy,  black. 
Cons  ,  brown, 
neavy,  black 
V.  heavy,  black. 
V.  heavy, dark. 
Cons.,  dark. 
Heavy,  black. 
V.  heavy,  black. 
Heavy,  floe. 
Heavy,  durk. 

• 

0.33 
0.40 

0.90 

• 

0.70 
0.60  1 
0.15 
1.50  ' 
0.70  1 
0.70  1 
0.25 
1.00 
0.90 
1.30  i 
1.30  j 
2.00  ■ 
1.50  | 
0.30  , 
1.00 
1.00  | 

0.60  ; 

0.38 
2.00  1 

o.oo  : 

0.60  ' 

0.30 

0.40 

1 

92.00   62.001  30.00 

,  74.00.  53.40    20.60 

1100.40!  76.40   24. U0 

i  31.601  20.80.  10.80 

1  98.60!  68.40   30.20 

|  86.40   61.60'  24.80 

102.4O1  75.40|  27.00 

|  33.801  20.60;  13.20 

1<>0.40.'  69. 20   31.20 

,  81.60   59.6U|  22.00 

1  89.4ul  66.40,  23.00 

1  53.60|  49.0O,1     4.60 

95.20,  72.00]  23.20 

87.40   58.80)  28.60 

'126.60!  103.80   22.80 

41.40   26.601  14.80 

57.60  85.20i  22.40 

50.40   35.40,   15.00 

07.00.  41.801  25.20 

47.00   26.20!  20.80 

96.60    64. 001  32.60 

105.40   61.00   44.40 

181.40!  53.00128.40 

102. 20 1  18.60    83.60 

125.20.  96.20,  29.00 

91.60]  70.20   21.40 

277.201  69.20  208.00 

45.60   20.60,  25.00 

1             1 

?9 

Av..J 

- 

1 
90.79    54.841  35.05 

1 

Averages  of  the  Above 


30 

For  the  24  hours  beginning  at  8  a.m  ,  Wednesday,  September  4, 

0.54 

1 
74.50'  53.15 

21.35 

81 

For  the  24  hours  beginning  at  8  a.m.,  Thursday,  September  5, 

0.48 

80.30,  56.50 

23.80 

32 

For  the  24  hours  beginning  at  8  a.m.,  Friday,  September  6, 

0.79 

81.2.V  61.05 

20.20 

to 

For  the  24  hours  beginning  at  8  a.m.,  Saturday,  September  7, 
For  the  24  hours  beginning  nt  8  a  M.,  Sunday,  September  8,     . 

1.13 

87.rt5!  65.30 

22.35 

34 

1.20 

56.50   31.65    20.85 

35 

Foi  the  24  hours  beginning  at  8  A.M.,  Monday,  September  9,    . 

1.00 

121.40 

49.15    72.25 

36 

For  the  24  hours  beginning  at  8  a.m.,  Tuesday,  September  10, 

0.53 



134.90 

1       .    . 

64.05!  70.85 

37 

90.79 

!' 

54.84 

35.95 

Averages  of  Samples  collected  at 


For  the  hours  from  8  a  X.  to  2  p.m., 
For  the  hours  from  2  p.m.  to  8  p  m., 
For  the  hours  from  8  P.M.  to  2  a.m., 
For  the  hours  from  2  a  m.  to  8  a.m., 


1.28  95.09,  66.71  28.37 

0.7o  82.40  57.14  25.26 

0.57  ,134.91.  69.43  65.48 

0.86  50. 741  26.06  24.68 


ii 


Average, 


90.79'  54.84    35.95 


Odor,  offensive. The  samples  wore  collected  from  the  chamber  at  the  outlet  of  the  sewer  leading 

treated  with  chemicals.     A  sample  was  collected  every  six  hours  aud  was  made  up  of  twelve  equal 

*  Too  turbid  to  determine. 
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collected  just  above  the  Precipitation  Works. 

[PuUper  100,000.] 


Corresponding  Hour)  during  the  Week. 


£:« 

27. *>   ].27Tjj   .7411' .MB 

i 

.4243 

II 

.00*4 
!oOM 

ml 

l.WTsljiiMJ  1«!«  s!lOj»*TO  to 

™ 
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BLACKSTOSTE  BITER. 

Chemical  Examination  of  Effluent  from 

[Ptrta  p*r  100,0ml,] 


Average*  of  the  Above 


Averages  of  Samples  collected 


Vn 

honrl 

fmm 

r>    te 

•ft  ai 

,n 

3   00 

2  a.m. 

41 

Um 

*"""' 

Iruuj 

AM.. 

l.M 

42 

.       .       .  1     .32 

SB. us 

« 

,.» 
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the  Worcester  Bewagt  Precipitation  Works. 


at  Corresponding  Hours. 


tauk  to  the  Bluckitonn  River.    A  umpla  iu  collwiUd  ovary  ill  bono,  >nd  wu  m 


380 


STATE  BOARD  OF  HEALTH.        [Pub.  Doc. 


BULCK8T03TE  BIVBR. 

Chemical  Examination  of  Water  firom  the  Blacksione  Biver  at  Dam  of 

[Parte  per  100,000.] 


Daw  of— 

ArrsA&urcB. 

RBKDtn  oa  Etato- 

KATIOK. 

e 

m 

Won. 

• 

1 

li 

li 

a  m 

TnrUdtty. 

Sediment. 

Color. 

1 

§s 

1 

1 

11000 

Sept 

T 

DtatSnet. 

Slight. 

0.00 

8.00 

8.00 

s 

16000 

0 

Dletlnot. 

Ootuu,  brown. 

0.00 

8.60 

8.70 

z 

16080 

T 

Dletlnot. 

Gone.,  brown. 

0.06 

10.10 

6.70 

4 

• 

16063 

8 

DtatineU 

Gone.,  brown. 

0.00 

8.00 

4.40 

8 

16078 

0 

Dletlnet. 

Com.,  brown. 

l.to 

- 

- 

6 

16118 

10 

Derided.* 

Gone*  ratty. 

0.00 

8.70 

8.60 

T 

10180 

10 

11    ' 

Decided. 

Gone.,  brown. 

0.00 

8.80 

8.60 

8 

At... 

0.06 

8.86 

8.47 

t 

* 

Odor*  vegetable  and  mouldy,  eomedmee  eleo  dlaagreaabla.  — -  The  aamplea  were  collected  from  the 
boon,  beginning  at  8  A.M. 
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Quimigamond  Iron  and  Wire  Works,  just  above  Mill  Brook  Channel. 

[Fun.  p*r  100,000.] 
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BLACKSTONTi  RIVER. 

Chemical  Examination  of  Water  from  the  Blackslone  River  between  the 

[Parti  per  100,000,] 


Averages  of  the  Above 


£1 

For  the  44  bo 

Lr.brg1nr.ing. 

8  A.M.,  W«]B«di;,  BepterabiT  4,      . 

no) 

111 

8  A.li  ,  Fridmy,  lWemb<,r  8,        . 

Ml 

u»b.giDDiDa> 

8  a.m.,  Tlad.y.  Seplember  10,         .        . 

II.  li 

17.UJ  14.07, 

» 

..» 

Averages  of  Samples  collected 


■  honr. 

rim 

A.    to  2 

PB 

n  11 

20  *»'  17  SO1 

u 

6  h0°" 

rUm 

" 

A, 

—  Th»  i»mple>  were  collacled  from  the  r 


orary  bridge 


No.  34.]  EXAMINATION  OF  RIVERS.  383 

BLACK9TOXE  RIVER. 

Mill  Brook  Channel  and  the  Worcester  Sewage  Precipitation  Works. 

[ParU  per  100,000.] 


at  Corresponding  Hours. 


6^77 

3.74  ]  l.M  i  .aaw'.oiw 
1.71  1  i. oo     .33s:|.iuo 

.0140 

.0300 

1.03 
O.M 
1.T1 

.0110    .0008 
■OOSS  1.0006 

i:!£ 

i:i|ll 

1. 8ll  7.80'    33 
3.34-   7. SI     31 

III  opposite  thoilodgabcda  of  ll>«  WorMtterpnarpltatlonitorlci,  andiboiathi  plus  when  tbe  effluent 
i.X-i  lb<  MOODd,  alM  of  three  sqail 
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Hi  CKTOMJ  BlVBtt. 

(Jheinieal  Examination  of  Water  from  Ike  Bladubmt 

[P«rt»  par  100,000.] 


Averages  of  the  above 


II  himrn  beftnhlmi  I 


A.K  ,Thnr«J»y,  S«pt.», 
i.M.,  Friday.  Bcpl  8,  . 
A.H.,B»mnll.y,8«pl.  T. 

*  m'.  Mond.y.  Papt.  B, 
A.H..  ToHdaf ,  Bcpl.  10, 


Averages  of  Samples  collected  at 


K     F'T  Ibe  toon  (ram  I  P.l.  10  I  P.I. 

.... 
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River,  below  the  Worcester  Sewage  Precipitation  Works. 

[I'.rU  par  loo ,000.] 


Samples  by  Day 

7  "7 

on 

.out  Loon 

i.6stJi.w»'  1 

m 

6.W11.4B,  a 

1.07 

0 

no 

I. IT 

0-«13 

1*80 

1371 

0607    |B 

0B 

.oom  |-ooai 

s.my.tuo  i 

8* ,  i.w,ii..ij» 

.»»..» 

Corresponding  Hours  during  the  Week. 


point  where  Ihe  effluent  from  tho  pttclplutlon  wor 


™  the  »t renin.    Ttam 
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BLACKSTONE  RIVER. 

Chemical  Examination  of  Water  from  Singlctary, 
(P.rt.  per  100.000.] 


Odor,  of  tbe  first  umpla,  dlnfitnablB;  of  the  MooDd,  dlttlnci;  of  the  Ian  three,  vegetable, The 

from  Dorothy  Brook,  ■bora  the  highway  bridge  near  It*  month;  the  UM  one,  from  Ooldipring  Brook,  at 

A.M„  nod  -22*  and  i.JS  p.m.;  No.  1WWT,  at  S.M  and  \\M  am.,  end  S  40  end  S.40  p.m. 

Chemical  Examination  of  Water  from  the  BlackHont 

[PerM  per  100,000.] 


1 
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'■" !  '■"  I  •■" 

Chemical  Examination  of  Water  from  the 
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| 
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• 
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Slight,  ro.iy. 

H  light,  ratty. 
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.» 

22.10 
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1  ,0       ,10 

..» 
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887 


Dorothy  and  Cold  Spring  Brooks,  at  Millbury. 

[Part*  per  100,000.] 


BLACK8TONE  BIVVB. 


Ammonia. 

Nitrogen  as 

OXTOKV 

Cobsumed. 

• 
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00 
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© 

ALBUMINOID. 
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** 
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.0140 
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.0280 
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.    .87 

.0000 
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1.2870 

1.2480 

.07 

.71 

.70 

1 

.0010 

.0580 

.0360 

.0220 

1     .48 

.0000 

.0001 

1.6600 

1.6210 

.14 

.56 

.97 

2 

.0006 

.0264 

.0204 

.0060 

I     .86 

.0000 

.0002 

0.6604 

. 

.09 

.68 

.64 

8 

.0034 

•0282 

.0248 

.0034 

1     .88 

.0000 

.0001 

0.6677 

• 

.06 

.69 

.62 

4 

.0324 

.0224 

.0188 

.0086 

J     .81 

.0100 

.0006 

0.4820 

*• 

.13 

.61 

.26 

6 

first  two  Mmplei  were  collected  from  Slngletsry  Brook,  about  100  feet  above  its  month;  the  next  two, 
the  highway  bridge  not  far  from  its  mouth,  at  8.10  a.m.  Bach  sample,  except  the  last,  was  made  up  of 
2.00  and  4.65  p.m.;  No.  16098,  at  8.00  and  10.68  a.m.,  and  1.68  and  6.00  p.m.;  No.  16042,  at  8.40  and  11.40 


River  above  and  below  Millbury. 


[Parte  i 

per  100,000.] 

Ammonia. 

NrrBooav  as 

Ox TO UN 

Consumed. 

00 

ALBUMINOID. 

o 

•< 

1 

1 

i 
I 

Q 

■8 

•  c 
oo 

4 
© 

3 

| 

• 

s 
5 

1 

S 

s 

e 

mm 

2 

M 

O 
a 
8 

3 

1 

J3 

ft 

0 
00 

0.7*00 

.1160 

.0840 

.0820 

8.68 

.0000 

.0003 

1.6760 

1.6600 

1.28 

8.82 

12.68 

1 

1.0620 

.0920 

.0670 

.0250 

8.59 

.0000 

.0002 

1.6990 

1.1700 

1.48 

9.00 

18.61 

2 

0.7400 

.0800 

.0520 

.0280 

2.74 

.0000 

.0200 

1.1700 

1.1700 

0.43 

6.46 

8.67 

8 

0.6100 

.0630 

.0510 

.0170 

2.90 

.0000 

.0006 

1.3660 

1.1810 

0.82 

I 

6.84 

10.04 

4 

mill-pond  In  Millbury;  the  last  two  samples,  from  the  river  about  half  a  mile  below  the  last  dam  In 
follows :  the  first  two  samples,  at  8.66  and  11.60  AJt.,  and  2.65  and  5.55 p.m.;  the  last  two  samples,  at  8.20 


Blackstone  River \  at  Farnumsville. 


[Parts  ] 

per  100,000.] 

Ammonia. 

NlTBOOBN  AS 

OXTOBlf 

Consumed. 

*** 

6 

n 
O 
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£ 
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"5 

h 

H 

Q 
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fe 
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D 

Sm 
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3 

00 
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.0060 
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1.2870 

1.1700 

.02 

6.38 

7.22 

1 

.6940 

.0490 

.0400 
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2.43 
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1.0580 
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.16 

i 

6.70 

8.41 
7.82 

2 
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.0475 

.0400 

.0075 

2.45 
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.0081 

1.1700 

1.0530 

1 

|       .09 

i 

5.54 

3 

dersville  to  Oraftoo,  above  the  confluence  of  the  Blackstone  and  Quinsigamond  rivers.      Each  sample 
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BLA.OK8TOMB  BT,  FEB. 

Chemical  Examination  of  Water  from  At 

[P»rU  par  100,000.] 


M  Qnlnil»uuond  Rlw,  >t  the  ortdg*  bd  lb* 


Chemical  Examination  cf  Water  from 
[Put*  BOT  i  »,*»■] 
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'•■» 

loner  end  at  the  cuil  letdlog 
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Quintigamond  River,  at  Farnumtvtile. 

[p*n*  pot  100,000. J 


rout  from  Binndtnvllle  to  Onfton,  about  ■  mile  above  II*  confluence  with  the  BliekMona  River.    Sub, 


the  Blackstone  River,  at  Uxbridge. 

[Ftrti  per  100,000  ] 
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BIiACXBTOlflB  BIVXR. 


Chemical  Examination  of  Water  from 

[Parti  per  100,000.] 


1 
2 


16004 
16080 


Av. 


Date  of— 


a 
e 


i 


Sept 

6 


i 


Sept 
6 


Turbidity. 


Dlttinot 
Distinct. 


Sediment 


I 


Slight,  yellow. 
Cone.,  brown. 


.46 

.48 


.44 


RBSXDCB  OV  BTAFO- 
BATIOV. 


O** 


I 


9.80 
8.86 


8.88 


0.60 
1.16 


0.88 


Odor,  musty.  —  The  templet  were  collected  from  the  If umford  River,  at  a  point  near  the  Iron 
the  confluence  of  the  Mumford  and  Blaeketone  riven.   The  eamplee  were  collected  at  about  8  pm. 


Chemical  Examination  of  Water  from 

[Parta  per  100,000.] 


1 

a 

a 

Date  of  — 

Afpkabancs. 

RttlDCS  OV  ETAPO- 
BATIOH. 

B 
© 

=  8 

o  m 
O 

a 

Turbidity. 

Sediment 

i 
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1 
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1 

16008 
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8ept 
6 

7 
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6 

0 
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Diatinet 

Slight. 
Slight. 

.40 
.40 

4.20 
4.60 

1.00 
1.66 

8 

1 

.40 

4.36 

1.63 

Odor,  vegetable  and  ninety.—  The  aamplee  were  collected  from  the  West  River,  below  the  last 
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the  Mumford  River,  at  Uxbridge. 


[Put!  p»r  100,000.] 


bridge,  on  the  mid  to  the  freight  depot,  just  below  Cupron'e  Mill,  sod  nboot  threa.elghlbe  of  ■  mile  ibore 


(A*  West  River,  at  Uxbridge. 


[  Psrts  pat  100,000.] 
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bridge  on  the  stream,  which  !•  *  ! 
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Chemical  Examination  of  Water  from  the  Blackstone  River,  at  MiUeille,  fflackstone. 

[PnrU  per  100,000.) 
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r| 

Chemical  Examination  of  Water  from  the  Blackstone  River,  at  Millvilte,  Blackstone 
—  Concluded. 
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CHA.BLEB  BITER. 


Charles  Riteb. 

Chemical  Examination  of  Water  from  the  Charles  Biver  at  Milford. 

[Parti  par  100,000.) 


Odor  of  [ho  flret  temple,  faintly  vegetable;  of  tbe  lut,  dlallnetly  vegetabli 
it  iimpk'  wee  collected  at  tbe  dam  opposite  the  pumping  nation  ot  the  *""- 
id  bridge  halt  a  mile liekiwMllford. 


Hllford  Wat* 

■eat]  gallon  of  the  pollntloo  of  tl 


implaa  wan 
im  Mllfnrd. 

Crane'8  Riteb. 
Chemical  Examination  of  Water  from  Crane's  River,  Danvers, 

[Fart,  par  100,000.] 


V.  alight. 
Decided. 

Slight. 

Slight,  whit*. 


Bllghl. 

eiifiu. 

Slight,  earthy. 
Slight,  earthy. 


Chemical  Examination  of  Water  from  Crane's  River,  Danvers—  Concluded. 

[Parte  per  100,000.) 


AMMO«a. 
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Free. 

Titaa 
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ann^d. 

Total. 

Dteeolnd.    m 

•M 

IMS* 
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.0280 
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mt.oo 

0000 

.00*0 

i.ueo 

" 

Odor  of  the  flrM  aample,  none,  becoming  diatlmttly  vegetable  on  healing;  of  Iho  lecond,  disagreeable; 
of  tha  third  and  flftb,  dlalinct  of  mann  fact  n  ring  wuli ;  of  the  fourth  and  alith,  faintly  mniLv ;  of  the 


1  above  faetortea 
ovary ;  tJo  ISM3  from  Crue'a  Pond  al 

"'" and  1US6  from  the  Eteel 

n  with  an  lnreatlgatloi 


a.  1M1B  at 


I  ranch  River  below  Denverepart, 
of  the  pollution  of  the  alreenj  by 
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CRANE'S  BIVEB. 

Chemical  Examination  of  Manufacturing  Sewage  from  Morocco  Shops  in 

Danvers. 

[Parts  per  100,000.] 


i 

Appearance. 

RESIDUE  ON  EVAPORATION. 
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i 

TOTAL  BSSIUUE. 

LOSS  ON  IGNITION. 
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Turbidity. 
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• 
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Q 

H 
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a 

00 

1805. 

15631 

Nov.    12 

Opaque. 

Dark,  brown. 

i 

446.0 

854.2 

00.8 

190.6 

113.6 

77.0 

Chemical  Examination  of  Manufacturing  Sewage  from  Morocco  Shops  in 

Danvers  —  Concluded. 

[Parts  per  100,000.] 


Ammonia. 
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OXTOKN  COHSUMED.  . 

Ikon. 
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Cm 

ALBUMINOID 
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5 

Filtered. 
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•o 

it 
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15331 

1.3600 

4.3400 

2.2200 

2.1200 

102.5 

141.96 

i 
79.56 

1 

j       .5100 

.1800 

Odor,  offensive. The  sample  was  collected  from  a  drain  discharging  sewage  from  three  morocco 

shops  into  Crane's  River. 

This  analysis  was  made  in  connection  with  an  Investigation  of  the  pollution  of  the  stream  by  manu- 
facturing sewage. 
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de1shfield  river. 
Deebfield  Riveb. 
Chemical  Examination  of  Water  from  the  Deerfleld  Biver  above  Shelburne  Falls. 

[  Parts  per  100,00).] 


Fbench  River, 

Chemical  Examination  of  Waterfront  French  River  and  its  Tributaries  in  Webster. 

[Peru  per  100,000.] 


Odor  of  Ihs  Aral  (ample,  distinctly  vunotable;  of  the  MCODd,  dlitlnollj  vegetable  and   dleagree. 

able;  of  the  third,  dietlnctly  urry;  of  the  laet,  decidedly  teny. The  flr.l  temple  win  collected  from 

French  River  above  WeUUr,  Joil  above  the  mouth  of  Mill  Brook ,  the  eecODd,  from  Mill  Brook,  near  It* 
oonauence  with  French  River;  the  third,  from  ■  brook  entering  French  Rlrer  juit  below  Merino 
Village  InDadley:  the  but,  from  French  Blrer  at  the  Ant  nllroad  bridge  over  the  river  below  the  lint 
between  Uaaaachaaetta  and  Coonecllcut. 
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HOOSAC  BIVEB. 

HOOBAO   RrVEH, 

Chemical  Examination  of  Water  from  the  Sootae  River  at  Williamstovm. 

[Put!  per  100,000.] 


Averages  by  Tears. 


*  Where  more  th»n  one  umpU  wee  oolloeted  li 
lietn  aiad  Id  mufcln  j  the  everege. 

t  June  to  December.  I  Jen 

Note  toenalyeeeof  1881:  Oflo 
■eraplet  were  collected  from  the  rl 
BeUroad. 
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HOUSATONIC  RIVER. 


HoUSATONIO   RrVEB. 
Chemical  Examination  of  Water  from  the  ffousatonic  River  at  New  Lenox. 

[Pan*  pet  100,000.] 


Averages  by  Yean. 
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1SSS' 
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ISM 
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.omj.oou 
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-  1    - 

Hon  to  mnmly turn  of  1695 :  Odor,  mart;. Tba  umplaa  wer 


lollncteii  from  the  tl 


Merrimack  Rites. 
The  usual  monthly  examinations  of  the  water  of  this  river  opposite 
the  intakes  of  the  Lowell  and  the  Lawrence  Water  Works  have  been 
continued  during  1895,  the  detailed  results  of  which  may  be  found 
on  pages  204  and  191  of  this  volume.  A  comparison  of  the  analyses 
made  at  these  two  places  during  the  year  is  given  in  the  following 
table :  — 
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MERRIMACK    RIVER. 

Table  comparing  the  Analyses  above  Lowell  with  those  above  Lawrence,  1895. 

[PirU  par  100,000.] 


In  order  to  compare  these  results  with  similar  ones  obtained  in 
previous  years,  another  table  is  presented,  which  contains  the  in- 
crease in  impurities  as  tbe  water  passes  from  a  point  above  Lowell 
to  Lawrence,  as  given  in  the  last  line  of  the  above  table,  and  tbe 
corresponding  increase  in  previous  years  :  — 

Increase  in  Ike  Amount  of  Impurities  in  the  Merrimack  River  Water,  from  a  Point 
above  Lowell  to  Lawrence,  as  determined  by  the  Regular  Monthly  Examinations 
of  Different  Yet 
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No.  34.]  EXAMINATION   OP  RIVERS.  899 

MERRIMACK   RIVER. 

Chemical  Examination  of  Water  from  the  Merrimack  River  above  Lowell,  opposite 
the  Intake  of  the  Lowell  Water  Work*. 

[Par*  par  100,000.] 


Odor,  vogrteblo. Tha  fl  rat  and  third  uunplw  war*  oollMMd  from  the  north  lull  ol  the  rt 


Chemical  Examination  of  Water  from  the  Merrimack  Siver  below  Lowell. 

[Put*  put  100,000.] 


Odor  oMhe  Brut 


•cample., 

faintly   vogrUhle  sod  monldj;  of  the   lUI  two,  dlalinctly   vegetable. 

i  collected  f 

torn  the  river,  ■  short  dietaries  below  Hunt's  Falls.     The  Brat  and  third 

p  Ol  HTCTB 

1  equal  portion*  collected  at  different  point*  In  the  north  hall  of  the 

fourth  wer 

c  made  np  of  aavanl  equal  portions  collected  at  different  polnta  in  lite 
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Chemical  Examination  of  Water  from  the  Merrimack  River  above  Lawrence. 

[Parta  per  100,000.] 


Odor,  vegetable. The  aamplee  vera  oollaetad  from  the  river,  nearly  oppoalta  the  Intake  of  the 

IiiNW  ffiln  Work*.  Theflretaud  third  eamplea  vera  made  np  of  aereral  equal  ponton*  collected 
at  different  point*  In  the  north  half  of  the  river;  the  eeeond  and  fourth  vara  mad*  up  of  aaTarai  equal 
purtlona  oollaetad  at  different  point*  In  the  eoutfe  h*If  ol  the  river. 


Chemical  Examination  of  Water  from  the  Merrimack  River  below  Lawrence. 

[Parta  p*r  100,000.] 


dam  at  Lawrenea.  The  flret  and  third  sample*  were  made  up  of  several  t 
ferenl  polnta  In  the  north  half  of  the  river ;  the  aaeond  and  fourth  were  n 
Uona  celleoted  at  dlfleraat  point*  In  the  aouth  half  of  the  rivor. 
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MKKItrSIACK    RIVKIi, 

Chemical  Examination  of  Water  from  the  Merrimack  River  above  Haverhill. 

[Parti  p*r  100,000.] 


Chemical  Examination  of  Water  from  the  Merrimack  River  below  Haverhill. 
[Parti  par  100,000.] 


Odor,  dlaUnelly  Tagetabla  and  nnplaaaut. Tha  aamplsa  vara  collected  from  too  liver,  ]t»t  nbove 

Bale'i  Iiland.  Tha  Oral  and  third  nantplaa  want  midi  np  of  aeTertil  equal  portion!  collected  al  different 
polnti  In  tha  north  half  of  tha  rtrar ;  tha  amend  and  fourth  wan  made  np  oE  Mvaral  equal  portlona  oo  I- 
laated  at  different  polnu  In  tha  aonth  half  of  tha  river. 
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nashua  river. 

Nashua  IIiveh. 

Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  Biver, 
below  Fitchburg. 

[Putt  par  100,000.] 


1 


Averages  by  Tears. 

- 

1S03 

- 

.,,  ,.„;,,. 

.0431.0300.0297.0103 

UW..01H 

Wo-Mlls.. 

- 

1891 

- 

till 

.083a,.0423|.031B.0104 

Son  lo  ktitilvten  of  1895:  Odt 
•unpin  were  eollcctrd  from  the  Met 

of  the  Fuluish  Paper  Company  entei 
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NASHUA  RTVEB. 

Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  River,  just 

above  its  Confluence  with  the  South  Branch  at  Lancaster. 

[Put*  par  100,000.] 


Averages  by  Tears. 


•  Where  mora  than  one.  sample  n  oolletUd  In  a  month  tha  average  anal; aii  f 
been  ued  Id  making  Iha  average,  f  Foar  umplee  on  Bepiemb 

I  Firs  umplei  la  July  and  Aognat.  |  Aognat  and  October. 

||  AujtiiI,  October  and  November.  V  July  to  December. 

Bon  to  aoalyaea  of  IKS:  Odor,  generally  mnaty  and  aomatlmea  dlugreeal 

vegetable. The  aample*  ware  oollaeted  front  the  river  at  tha  railroad  bridge,  a  ■ 

II,  moulli. 
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NASHUA  BTTSB. 

Chemical  Examination  of  Water  from  the  Quinepoxet  River  in  Bblden. 

IPmiU  pai  100,000.] 


Average*  by  Tears. 


•  Augunt  to  Dsccmbar. 
—  Theumpleiw 


Jo.  34.]  EXAMINATION  OF  RIVERS.  405 

NASHUA  BITSB. 
Chemical  Examination  of  Water  from  the  Stillwater  River  in  Sterling. 

[Pirn  par  100,000.] 


Average*  by  Tears, 


to  (nil  to  Deoember. 
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NASHUA  RIVER. 

Chemical  Examination  of  Water  from  the  South  Branch  of  the  Nashua  River  above 

Clinton. 


[Parte  per 

100,000.] 

• 

c 
o 

6 

Km 

o 

a 

Appearance. 

Kksidcb  on 
Evapora- 
tion. 

Ammonia. 

« 

9 

B 

1    c 

1    2 

i 

i.34 
.32 

NlTROOEX 
AS. 

Oxygen  Consumed. 

• 

i? 

s 
H 

a 

a 

. 
o 
•3 

a 

o 
H 

Loss  on 
Ignition. 

1 

Albuminoid. 

m 

S 

• 

m 
55    : 

• 

u 

s 

s 

• 

> 
** 

o 
m 

3 

a 

Sus- 
pended 

• 

m 
m 

C 

13696 
13752 

1895. 

Jan.   2 

Feb.  4 

Slight, 
<     milky. 
jV.  alight. 

Slight. 
Slight. 

.48 
.40 

4.96 
4.46 

1.85 
1.80 

.0002.0230 
.0016.0382 

.0212.0018! 

1          1 

.0282.0050 

1          j 

1 

.0150.0000 

1          i 
.0180.0000 

i 

.6082 
'.5490 

1.6 
1.3 

13919.  Mar.  4 

:  slight. 

Slight, 

.80 

8.95 

1.25 

.0036.0200 

.0130.0070 

.29 

.0150  .0000 

.4581 

1.4 

14080|Apr.  1 

Slight. 

Slight. 

.48 

3.16 

1.20 

.0014 

.0178 

.0146!.  0030 

.18 

.0090.0001 

,.4851 

0.9 

142331  May   1 

1 

Slight. 

Cona. 

.50 

3.10 

1.85 

.0004j.019oLoit2J.0028 

.22  ! 

.0050.0001 

.6120 

| 

0.8 

14410  June  8 

1 

Slight. 

Slight. 

.65 

8.60 

0.95 

.0030,.  0192 

.0142  .0050  .21 

.0050.0000 

.5662 

0.9 

14563  June29 

1  Slight. 

Cona. 

.30 

4.15 

1.20 

.0060 

.0260.0220 

.0040 

.28  ' 

.0030.0002 

,          i 

.4440 

1.8 

14767 

Aug.  6 

Slight. 

Slight. 

.85 

4.00 

1.46 

.0016  .0192*. 01 62 

.0030 

.24 

.0150.0001 

.6882 

1.6 

14948 

Sept.  1 

Slight. 

Slight. 

.80 

4.20 

1.46 

.0009  .0206  .0156 

.0050 

!.27 

i 

,  .0050  .0000 

!          1 

i.3927 

1.9 

16292  Oct.    1 

Slight. 

Slight. 

.25 

4.00 

1.15 

i 

.0004 

.0212'. 0176  .0036 

.          1 

.30 

'.0030.0000; 

1          1 

'.2746 

1 

1.4 

16471  Nov.  4 

Slight. 

Slight. 

.90 

4.65 

1.95 

.0000 

.0252  .0230!. 0022 

.29 

1 

'.0100.0002' 

1          ' 

1 

1  .BvUo 

1.1 

15667 

Deo.  2 

Slight. 

Slight. 

.70 

! 

46> 

i 

3.86 

1.70 
1.44 

.0018 
1.0017 

.0264'. 0246 

1 

.0226  .0189 

.0018 

.19 

1.0050 
.0090 

.0000' 

1 

.0001 

1.7862 

0.9 

1 

4.00 

.0037  1.26 

.6338 

1 
1  1.3 

1               ; 

i 

Averages  by  Fears. 


- 

1887* 

- 

- 

.58 

1 

;  4.14 

1.24 

! 
1.0015 

.0216 

- 

- 

1 
.21 

.0077!    -     i 

1 

- 

- 

- 

18S8 

- 

- 

.32 

1  3.53 

1.06 

1.0008 

1 

.0151 

- 

- 

.18 

,.0097  .0001 

- 

- 

- 

1889| 

- 

- 

.24 

2.96 

0.87 

,.0004 

.0163 

.0133 

.0030 

1 
.18 

'.0062' .0002 

- 

- 

- 

1893t 

- 

- 

.41 

3.99 

1.42 

1.OOO6 

.0158 

.6129 

.0029 

.28 

1           i 
.0020. 0001  1.4623 

1          1 

1.4 

- 

1894 

- 

- 

.44 

1  8.81 

1.27 

'.0014 

l 

.0154 

.0123 

.0031 

.25 

.0042.0000 

!           1 

.4174 

1.1 

- 

1895 

- 

- 

.46 

4.00 

1.44 

..0017 

.0226'.0189 

1 

.0037 

.26 

1 

.0090.0000 

1      _J_..J 

.5338 



1.3 

*  June  to  December. 


t  January  to  May. 


X  August  to  December. 


Note  to  analyses  of  1895 :  Odor,  vegetable,  and  frequently  mouldy. The  samples  were  collected 

from  the  river  above  the  dam  of  the  Lancaster  Manufacturing  Company. 
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NASHUA  RTVE14. 

Chemical  Examination  of  Water  from  the  South  Branch  of  the  Nashua  Riser,  just 

above  He  Confluence  with  the  North  Branch  at  Lancaster. 

[Part!  par  100,000.] 


Average*  by  Yean. 


•  Where  mo 

1 

II 

ra  then  ona  wimple  in  collected  Id  >                              •n.Jy.li  for  tl 
ia  avaraca.                                                f  Poor  umplra  on  Haplembei 
Anguat.                                }  AligDiL  and  Oclobar. 
1  July  10  December. 

IT. 

■hort  dlManet  li- 

Odor, ganarally  ranniy  und  lometlmaa  dlufreeable; 
aimplea  wera  eollaotad  from  iba  [tier  at  tha  . 
>vo  lu  month. 

fro 
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NEPONSKT  RIVER, 

Nefohbet  Rtveb. 
An  investigation  of  the  condition  of  the  Neponset  River  was  made 
in  August  and  September,  1895,  and  the  results  of  the  examination 
of  samples  of  water  from  many  points  on  the  main  river  and  its  trib- 
utaries are  given  below.     A  similar  investigation  was  made  in  1891, 

Chemical  Examination  of  Water 
[Part*  par  100.000.] 


Theaa  analy  tee  ■ 

■  ere  made  at  the 

Li 

wraoca  Eipertm 

eat  Btallot 

The 

■am  pies  w 

•re  collet-ted  ai  : 

•ollowi : 

No.  16 

,  from  the  Nepoi 

net  lilvci 

where  Mala  Street 

Walpo 

lei    No.: 

below  the  village  of 

W.lpole 

i  from  Ih«  mlll-p. 

11  of  F.  W.  Bird  It  Bod,  Id 

Eaat  W.I  pole;  No. 

[he  Weehti 

ut  Walpt 

iper.mlllof  F.W.  Bird  &  Bon; 

No.  Lc386,  ill  the  dam  of  tie  paper-ml 

11  of  He 

the  dciI 1 

Delow  the  paper-mill 

of  F.  W. 

>n;  No.  163*0,  ab 

ihe  paper-mill  o: 

[  HolllDg* 

worth  *  Voae;  No. 

1fl3«1,  at 

the  [idl  d 

i  &  Voie,  at  Wi 

iter  Btreei 

:;    No.  1*388,  at  Hi. 

Moore  B 

ireai  bring 

;  Id  Norwood,  a 

.  tie  brook  wbii 

<  lie  drainage  from 

'•  Taooery 

to  the  riser;  No 

]«B89,  f 

)k  which  eonrey. 

ilbe  drain 

T.Dnerr 

Ut  lb*  Nepooeet  River,  ebo 

at  100  feet  ebon 

ill 

%  Junction  with  Ihe  riser; 

No.  ItKKK),  from  the 

Neponwl 

tie  brook  from 

i  No.  1331 

11,  HI  the  dam  of  the 

Printing-! 

nk  Wort. 

of  Geo.  H.  Murr 

.11  &  Co 

.,  Pleaaan 

1  B 

treot,  Norwood; 

No.  issn 

,  from  the  Nepoaeei 
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NEPONHIfT  EUV1£K. 
tbe  results  of  which  were  given  on  pages  319-336  of  the  annual  report 
for  that  year. 

Both  examinations  were  made  at  a  time  of  low  flow  in  the  river, 
and  a  comparison  of  tbe  analyses  indicates  that  tbe  condition  of  the 
river  was  generally  worse  in  1895  than  at  the  time  when  the  exami- 
nation was  made  in  1891. 

from  the  Neptmset  River. 

[Fun  par  100,000.] 


River,  about  100  feet  above  the  point  where  the  urn  from  Bmlth'i  Tannery  enle  re  the  river;  No.lflJW, 
from  lb*  tow  at  leading  from  Bmllh'j  Tannery  to  the  river ;  Not.  1UM  and  10420,  from  Ibe  rITO,  100  feet 
below  the  point  where  the  tower  from  Bmllh'e  Tannery  entera  It ;  No.lfttIT,  from  the  river,  Jnet  above 
the  month  or  the  Canton  River;  Mo.  1M2S,  from  the  Canton  RlTer,  about  100  feet  above  It.  confluence 
with  tbe  NopouMl  River;  No.  W*M,  from  the  Neponaet  River,  1,000  feet  below  lie  confluence  with  the 
CaJilon  Rlvor;  No.  15130,  from  the  Neponaat  River,  where  K  la  oroaaed  by  the  Dedham  Road;  No.  16*31, 
from  the  river,  at  Green  Lodge  Street;  Ho.  lottt,  from  tbe  rlvor,  where  II  la  eroeeed  by  Hilton  Street, 
Jaet  above  Oyde  Park;  No.  16183,  from  tbe  river,  100  feet  above  the  outlet  of  Mother  Brook;  No.  16434, 
from  Mother  Brook ;  Net.  164M  and  16489,  from  the  Neponeet  River,  about  1,000  feel  below  tbe  point  where 
It  It  Joined  by  Mother  Brook;  No.  16183,  at  the  dam  of  the  paper-mill  of  Hollingaworth  &  Vote,  below 
Hyde  Park;  No.  16434,  below  the  factory  of  the  Button  Ooeeamer  Rubber  Company ;  No.  1MM,  at  lbs 
dam  Ju it  above  Bin*  Hill  Avenue  in  Uatlapao;  No.  IMM,  at  the  dam  of  the  paper-mill  of  Tlltaton  St 
Holllnfiwonb;  No.  IMtT,  from  lb*  Ma-watar  at  Godfrey'!  wharf,  below  Milton. 
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XEPOXSET  RIVER. 

Chemical  Examination  of  Water  from  the  Nepoiutt  River  below  the  Outlet  of  the 
Sewer  from  Smith's  Tannery,  Norwood. 

[Pull  per  100,000.] 


Date  of  Collodion. 

Ar™««o». 

BulDCa  OS  Eu.ro- 

! 

I 

1 
1 

I 

, 

S 

?! 
J 

18T81* 

leisi 

ItTIH 

Oct.   >,  It  6,  7.30,  0  and  11  u„  .       . 

Oat.  10,  U  4.6",  6,  >  .30  nod  III., 

Oct.  10,  it  1030  A.M.,  13  w,  1-10  end 

■  p.m. 
Oct  I0,at4.11r.> 

Decided. 
DMidtd. 
DMldsd. 
Decided. 

He.vy. 
Hemy. 

i.M 

0.38 
O.M 
1.00 

M.30 
10.10 
41  .TO 

13. W 
B.SO 
14.10 
14.00 

Chemical  Examination  of  Water  from  the  Neponeet  River  below  the  Outlet  of  the 


Chemical  Examination  of  Water  from  the  Neponset  River  above  Hyde  Park. 

[Pull  per  100,000.] 


Due  of  Collection. 

,f,.,.,c. 

,,1™I 

'J™ 

1 

1 

i 

I 

i 
3 

i 

i 
si 

3 

10736- 

Oct.    0. 

t  6.  7.30,  BHd  11F-...         . 

Slight. 

De-lded. 

o.eo 

17.16 

1.30 

10730 

Oct.  10, 

14.80,  0,  7.80  ud  »  *. H., 

Plight. 

might. 

0.M 

11.31 

1(137 

Oct.  10, 

t  10.30  A.M.,  13  ».,  1.30  and 

Slight. 

engbt. 

11.11 

10738 

Blight. 

Slight. 

" 

*  Thee*  Hslyw*  were  mid 

vace  Eiper 

aent  Stall 

No.  34.] . 


EXAMINATION  OF  RIVERS. 


ITEPONSET  RrVER. 

Chemical  Examination  of  Water  from  the  Neponset  River  above  Byde  Park — Con- 
cluded. 

[Pirti  per  100,000.] 


Chemical  Examination  of  Water  from  the  Neponset  River  at  Matlapat. 

[Part*  per  100,0*0.] 


«.,«— 

™^,». 

,„,»Si 

if- 

1 

i 
i 

i 

1 

1 

.1 

1 

israo* 

187*0 
18711 

1«T« 

Oct.  O.jtSXi.I.SO.ll.ndllr-.w.,      , 
0*1.  10,  114.80,  S,  7  30  and  9  A.M.,         . 
Oct.  10,  at  1030  AM.,  IS  *  ,  1J»  eud 

siigbi. 
Blight. 

Slight. 

Decided. 
Decided. 
Decided. 
Decided. 

0.02 

a.ta 

0.M 

30.00 

n.« 

17. 10 

B.SS 
8. OB 

[Pane  per  loo/wo.] 
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stony  bbook. 

Stony  Brook. 

Chemical  Examination  of  Water  from  Stony  Brook,  Boston. 

[Put*  per  100,00(1.] 


Ten  Mile  River. 

Chemical  Examination  of  Water  from  the  Ten  Mite  Biver,  at  Alttcborovgh. 

[PuU  par  100,000.) 


Odor,  dial  I  nelly  vegeUblo  and  unpleaeanl. The  flrat  umple  nu  mile 

Btntt,  Jual  shove  the  month  o(  the  Bnngay  Elver.    Tba  eecond  aample  rt 
about  1,000  feet  below  the  railroad  bridge  on  Us  main  line  of  the  Boaton  and  : 
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ware  river. 
Ware  River. 
Chemical  Examination  of  Water  from  Wart  Siver  at  Cold  Brook  Station,  Barre. 

f  Purti  per  100,000.] 


*  nllroad  bridge  near  Cold 


SUMMARY 


OF 


WATER  SUPPLY  STATISTICS; 


ALSO 


RECORDS  OF  RAINFALL  AND  FLOW  OF  STREAMS. 


[418] 


SUMMARY  OF  WATER  SUPPLY  STATISTICS. 


Daring  the  year  1895  a  public  water  supply  was  introduced  for 
the  first  time  into  the  towns  of  Barre,  Longmeadow,  Millbury, 
Monson  and  Rockport,  and  important  additions  to  many  of  the 
existing  works  were  made,  to  increase  the  capacity  of  existing  sources 
of  supply. 

The  following  table  gives  a  classification  by  population  of  cities 
and  towns  having  and  not  having  public  water  supplies  December  31, 
1895 ;  the  populations  are  taken  from  the  census  of  1895  :  — 


POPULATIOH 
(lft»5). 


Number  of 
Places  of  Given 

Population 
baring  a  Pub- 
lic Water 
Supply. 


Under  500, 

800-1,000, 

1,000-1,500, 

1^00-2,000, 

2,000-2,600, 

2*600-3,000, 

1,000-8,600, 

1,600-4,000, 

4,000-4,600, 

Abort  4,600, 

Totals, 


0 
8 
0 
7 

10 
0 

10 
6 
7 

97 


164 


Total 
Population  of 

Place* 

In  Preceding 

Column. 


0 
2,828 
10,660 
12,116 
19,000 
16,878 
82,616 
18,219 
84,616 
2,089,816 


2,287,017 


Number  ol 

Places  of  Given 

Population 

not  navlnga 

Public 
Water  Supply. 


Total 
Population  of 

Placet 

In  Preceding 

Column. 


86 
M 
88 

82 
14 
12 
T 
1 
2 
1 


199 


18,287 

48,481 

46,698 

66,861 

81,074 

82,618 

22,699 

8,669 

8,646 

6,039 


268,166 


From  the  totals  given  in  the  preceding  table  it  will  be  seen  that  of 
the  353  cities  and  towns  in  the  State  154,  or  43 . 6  per  cent.,  have  a  pub- 
lic water  supply,  and  the  total  population  of  the  places  supplied  repre- 
sents 89 . 5  per  cent,  of  the  total  population  of  the  State.  The  number 
of  people  to  whom  a  public  water  supply  is  available  is  somewhat 
less  than  the  total  population  of  the  municipalities  supplied,  but  the 
difference  is  not  large.    There  are  now  but  11  towns  having,  by  the 
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census  of  1895,  a  population  exceeding  3,000  which  are  not  pro- 
vided with  a  public  water  supply ;  these  are  given  in  the  following 
table :  — 


TOWMS. 


Population  in 
1S8>S. 


Blaekstone, . 
Wlnchendon,* 
Barnstable, . 
North  Andover, 
Button, 
Tewksbnry, 


6,090 
4,400 
4,055 
8,500 
8,420 
8,870 


Towns. 


Population  tn 
IMS. 


Pepperell, . 
Dudley, 
Chelmsford, 
Dartmouth, 
Deerfleld,  . 


8,381 
8,208 
8,103 
8,107 
8,007 


*  Works  for  the  supply  of  this  town  were  under  construction  at  the  end  of  1804. 

'  In  the  following  table  the  various  water  supplies  are  classified 
according  to  the  dates  when  a  fairly  complete  system  of  supply  was 
first  introduced  into  a  city  or  town :  — 


Years. 


Number  of 

Places 
Supplied. 


Previous  to  1850, 
1850-1859,  Inclusive, 
1860-1800,  inclusive, 
1870-1879,  inclusive, 
1880-1889,  inclusive, 
loVU,      •         .         • 


Number  of 

Places 

Supplied. 


During  the  year  1895  the  cities  of  Gloucester  and  Newburyport 
took  possession  of  the  works  which  were  formerly  owned  by  water 
companies.  At  the  end  of  the  year  all  of  the  32  cities  in  the  State, 
having  an  aggregate  population  of  1,616,632,  owned  their  water 
works.  Of  the  123  towns  having  a  public  water  supply,  77,  with  a 
total  population  of  407,806,  own  their  works,  while  46,  having  a 
total  population  of  212,579,  are  supplied  by  private  companies. 
The  total  population  in  both  cities  and  towns  owning  works  is 
2,240,438,  against  212,579  in  those  supplied  by  private  companies. 

The  growing  tendency  in  recent  years  toward  municipal  control 
of  water  supplies  is  indicated  by  a  comparison  of  the  preceding 
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figures  with  similar  figures  for  1890.  At  that  time  5  of  the  28  cities 
in  the  State  having  public  water  supplies  and  50  of  the  109  towns 
were  supplied  by  private  companies.  The  total  population  of 
these  cities  and  towns  was  318,319,  or  16  per  cent,  of  the  total 
population  supplied,  while  in  1895  only  9.5  per  cent,  of  the  total 
population  supplied  was  supplied  by  private  companies. 

The  following  table  gives  statistics  with  regard  to  the  consumption 
of  water  in  the  cities  and  towns  in  this  State  where  such  records  are 
kept.  The  consumption  per  inhabitant  has  been  obtained  by  divid- 
ing the  average  daily  consumption  by  the  total  population  of  the 
city  or  town  in  1895,  and  consequently  is  somewhat  less  than  the 
amount  used  per  consumer,  because  there  are  in  all  cities  and  towns 
some  who  do  not  use  the  public  water  supply  This  difference  is 
most  marked  in  towns  containing  villages  to  which  the  public  water 
supply  has  not  been  extended,  and  in  towns  where  the  works  have 
been  in  operation  but  a  short  time  and  where  water  has  not  come 
into  general  use.  In  some  towns  the  population  during  the  summer 
months  is  much  greater  than  is  shown  by  the  census  returns,  and 
in  such  cases  the  consumption  per  inhabitant  as  given  in  the  table 
is  somewhat  higher  than  it  would  be  if  allowance  should  be  made 
for  the  increased  population  in  summer. 

Statistics  relating  to  the  Consumption  of  Water  in  Various  Cities  and  Towns. 


ClTT  OB  TOWV. 


Popula- 
tion. 

ISM. 


Average 

Daily 
Consump- 
tion. 

Gallons. 


Dally 
Consump 
tlon  per 
Inhabi- 
tant. 

Gallons. 

1805. 


Abington  and  Rock- 
land. 
A  me*  bury,     . 

Andover,        . 

Attleborougb,        , 

Avon,      •       .       • 

Ayer, 

Beverly, 

Boston  (Cochltuate 
Works). 

Boston,  Somervllle, 
Chelsea,  Everett 
(Mystic  Works). 

Bradford, 

Braintree,       • 

Brldgewater  and 
B.  Bridge  water. 


9,730 

407,000 

0,980 

289,000 

0,145 

331,000 

8,288 

800,000 

1,020 

02,000 

2,101 

78,000 

11,800 

810,000 

460,010 

60,801,100 

142,841 

9,407,000 

4,730 

473,000 

5,811 

808,000 

7,580 

104,000 

42 
24 
64 

87 
88 

86 

09 

112 

00 

100 
68 
22 


ClTT  OB  TOWH. 


Popula- 
tion. 

ISM. 


Average 
Dally 

Consump- 
tion. 

Gallons. 

is»a. 


Dally 
Consump- 
tion per 
Inhabi- 
tant. 

Gallons. 

18M. 


Brockton,       . 

Brookllne, 

Cambridge,    • 

Canton,  • 

Cohaaset, 

Cottage  City, . 

Danvers  and  Mid 

dleton. 
Dedham,        . 

Easton,  . 

Fairhaven, 

Fall  River,     . 

Foxbo rough,  . 

Framingham, 


88,106 

1,095,000 

10,104 

1,808,000 

81,048 

0,078,000 

4,030 

179,000 

2,474 

06,000 

1,038 

68,000 

. 

9,019 

000,000 

7,211 

411,000 

4,462 

82,000 

8,888 

70,000 

89,203 

8,107,000 

3,219 

141,000 

9,512 

802,000 

33 
81 
74 
89 
20 
60 
07 
67 
18 
21 
86 
44 
38 
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Statistics  relating  to  the  Consumption  of  Water  in  various  Cities  and  Towns  — 

Concluded. 


ClTT  OB  TOWH. 

Popula- 
tion. 

1888. 

Average 

Dally 

Coninmp* 

tlon. 

Gallons. 

1888. 

Dally     1 

Consump-  j 

tlon  per   i 

InhaM-    1 

tant.     1 

Gallons.  i 

1888.    I 

CRT  OB  TOWW. 

Popula- 
tion. 

1885. 

Average 

Daily 
Consump- 
tion. 

Gallons. 

1885. 

Deny 
Consump- 
tion per 
Inhabi- 
tant. 

Gallon*. 

1888. 

Franklin, 

6,130 

201,000 

89 

Newbury  port, 

14,652 

667,000 

46 

Gardner, 

0,182 

604,000 

66 

Newton, . 

27,590 

1,802,000 

66 

Gloucester,    . 

28,211 

730,000 

26 

No.  Attleborough, 

6,576 

183,000 

28 

Grafton, .       .       • 

6,101 

86,000 

17 

North  Brookfleld, . 

4,635 

02,000 

20 

Holllston, 

2,718 

70,000 

20 

Norwood,       • 

4,574 

268,000 

60 

Hopkinton,    . 

2,084 

33,000 

11 

Orange,  .       • 

5,361 

138,000 

26 

Hyde  Park,    . 

11,826 

482,000 

41 

Peabody, 

10,507 

000,000 

86 

Lawrence, 

62,164 

3,006,000 

67 

Provlncetown, 

4,555 

65,850 

15 

Lexington,     .       • 

8,408 

136,000 

80 

Qulncy,  . 

20,712 

004,000 

44 

Longmeadow, 
Lowell,  • 

620 
84,367 

23,000 
6,026,000 

87 
82 

Randolph  and  Hoi- 

brook. 
Beading, 

5,992 
4,717 

273,000 
109,000 

46 
42 

Lynn  and  Sangna, . 
ICaldeo,  .       .       . 

66,861 
20,708 

4,360,000 
1,471,000 

66 
40 

Revere   and   Wln- 

throp. 
Rockport, 

11,615 
5,289 

874,000 
85,000 

76 
16 

Manchester,    . 

1,876 

116,000 

62 

Salem,     ... 

34,473 

2,163,000 

63 

Mansfield, 

3,722 

126,000 

34 

8haron,  . 

1,717 

36,000 

21 

Marble  head,  . 

7,671 

268,000 

86 

Stoughton, 

6,272 

246,000 

47 

Marlborough, 
Maynard,        • 

14,977 
8,090 

610,000 
78,000 

84 

26 

i 

I  Bwarapscott    and 
Nahnnt. 
Taunton, 

4,124 
27,115 

408,000 
1,159,000 

99 

43 

Melroae,         .       • 

11,966 

849,000 

71 

1 

!  Tisbury, 

1,002 

23,000 

23 

Methuen,        .       . 
Mlddleborough,     . 

6,690 
6,689 

149,000 
213,000 

26 
32 

'  Wakefield  and 
1      Stoneham. 
Waltham, 

14,588 
20,876 

612,000 
1,222,000 

42 
69 

Milford,  .       . 

8,969 

627,000 

60 

Ware, 

7,651 

241,000 

31 

Milton,    . 
Montague, 

6,618 
6,068 

183,000 
320,000 

24 
63 

Watertown  and 
•      Belmont. 

1  Webster, 

1 

10,631 
7,799 

428,000 
209,000 

40 
27 

Nantucket,     •       • 

8,016 

89,000 

30 

Wellesley,      . 

4,229 

175,000 

42 

Natick,    . 

8,814 

382,000 

43 

Weymouth,    . 

11,291 

286,000 

25 

Needham,      . 

3,611 

139,000 

40 

I  Whitman, 

5,744 

187,000 

32 

New  Bedford, 

66,261 

4,712,000 

86 

Woburn, 

14,178 

1,032,000 

73 
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Rainfall. 

The  rainfall  for  the  year  1895  was  very  slightly  less  than  normal, 
the  deficiency  being  0.63  of  an  inch.  There  was  an  excess  of  rain- 
fall in  the  months  of  April,  July,  October  and  November,  and  a 
deficiency  in  all  the  remaining  months,  the  greatest  deficiency  occur- 
ring in  February.  The  greatest  excess  occurred  in  the  months  of 
October  and  November.  An  exceptionally  heavy  rainfall  occurred 
in  the  eastern  part  of  the  State  from  October  12  to  14,  the  greatest 
amount  recorded  being  8.49  inches  at  Framingham.  The  distribu- 
tion of  rainfall  was  such  as  to  cause  a  very  low  flow  in  the  streams 
in  the  latter  part  of  August,  in  September  and  in  the  earlier  portion 
of  October.  The  average  rainfall  in  Massachusetts,  as  deduced  from 
long-continued  observations  in  various  parts  of  the  State,  is  45.30 
inches.  In  the  following  table  is  given  the  normal  rainfall  in  each 
month  in  1895  and  departures  from  the  normal :  *  — 


Normal 
Rainfall. 

Inches. 

Rainfall, 
1895. 

Inches. 

Excess  or 
Deficiency. 

Inches. 

Normal 
Rainfall. 

Inches. 

Rainfall, 
1885. 

Inches. 

Excess  or 
Deficiency 

Inches. 

1899. 

January, 

February, 
March,    • 
April, 
May,       .       , 

3.97 
8.64 
3.87 
3.34 
3.72 
8.20 
8.86 

3.61 
1.07 
2.91 
4.67 
2.47 
3.08 
4.61 

—0.46 
—2.67 
—0.06 
+1.88 
-1.25 
—0.12 
+0.66 

1888. 

August, 

September,  • 
October,       ,       . 
November,   • 
December,    • 

Total,  . 

4.42 
8.88 
4.18 
4.06 
3.71 

3.87 
2.69 
7.16 
6.28 
2.06 

—1.06 
—0.71 
+3.08 
+2.22 
-0.76 

Jane,      • 
July, 

46.80 

44.67 

—0.68 

To  enable  the  condition  preceding  the  collection  of  samples  of 
water  in  any  part  of  the  State  to  be  understood,  the  following  tables 
are  presented,  which  give  the  daily  rainfall  in  inches  at  nine  stations 
scattered  throughout  the  State :  — 


•  This  and  the  subsequent  tables  of  rainfall  have  been  prepared  from  the  records  of  the 
Mew  England  Weather  Service. 
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Daily  Rainfall  in  Inches  at  Nine  Places  in  Massachusetts,  Geographically  selected. 


JMnarj,  1895. 

February,  189)S. 

DAT 

or 
Month. 

• 

© 

0 
•J 

e 

V 

1 

< 

i 

js. 

! 

d 

s 

0 

s 

i 

.0 

o 

• 

s 

1 

1 

• 

s 

0 

0 

m 
H 

i 

0 

DAT 

or 
Month. 

• 

o 

9 
■J 

C 

o 

js. 

e 

< 

• 

9 

• 

a 

I 

• 

a 

a 

o 

c 
•* 

3 

a 

• 

8 

a 

I 

• 

s 
S 

o 
a 

9 
« 

a 

* 

• 

as 

1.  •       • 

2.  .       • 
8,   .       . 

4,    .       . 

6,   •       • 

6,  .        . 

7,  •       • 

8,  .       . 

»,    •       • 

10,  .       . 

11,  .       . 
11,    .       . 
18,    .       . 

14,  .       . 

15,  . 

16,  . 

17,  .        . 

18,  . 

19,  . 

20,  .        . 

21,  .        . 

22,  .        . 
28.    .        . 
24.    .        . 

28,    .        . 

27,  .        . 

28,  . 

29,  .        . 
80,    . 

31,    . 
Totals, 

0.40 
0.10 
0.21 

0.70 

0.13 

* 
0.20 

0.15 

0.13 
0.08 

,2.10 

1 

ft 
ft 

1.03 

• 
0.85 

0.07 

0.31 

* 
0.23 

» 
0.22 

0.49 
0.04 
3.24 

0.71 

0.07 
0.08 
0.80 
0.47 

0.06 
0.32 

0.10 

0.16 
0.04 

1.03 
0.03 
3.32 

• 

0.56 

* 

0.25 
1.02 
0.07 

0.46 
0.20 

0.24 

0.92 
0.16 
8.88 

ft 

0.49 
0.25 

1.08 
0.08 

0.50 
0.18 

0.24 

0.93 
0.16 
3.91 

0.41 

0.17 
0.84 
0.02 

0.38 

0.05 

0.29 

1.02 
0.08 
3.26 

• 

0.34 
0.01 
0.24 

0.76 

0.06 

0.43 
0.08 

0.32 

1.49 
0.12 
3.84 

• 
0.67 

0.29 

1.06 

0.08 

0.60 

0.20 

0.23 

0.95 
0.17 
4.24 

ft 

0.93 

• 

0.22 

0.72 
0.10 

# 
0.61 

0.18 
0.31 

0.54 
0.24i 
3.85| 

i 

1,.       . 

2,.       . 
3,.       . 

4,.       . 
5,.       . 

7,.       . 

«,.       • 
9,.       . 

10,.        . 
11,.        . 
12,.       . 
18,. 

14, .        . 
15,. 
16,. 

17,.        . 
18,. 
19,. 
20,  . 
21,. 

22,.        . 
23,. 
24,.        . 

26,  . 

27..        . 
28,. 

Totals, 

0.09 
0.07 

0.90 
1.06 

0.12 
0.01 

0.47 

0.06 
0.66 

0.07 
0.11 

1.06 

0.02 
0.02 

1.28 

0.16 
0.14 

1.13 

0.03 
1.45 

0.20 
0.25 

0.38 

0.05 

0.88 

0.06 
0.09 

0.84 

0.99 

0.18 

• 
0.15 

0.90 

1.23 

1 

0.26 
0.14 

0.82 
1.21 

0.80 
0.17 

0.32 

mm 

0.04 
0.83 

*  Precipitation  Included  in  that  of  following  day. 
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Daily  Rainfall  in  Inches  at  Nine  Place*  in  Massachusetts,  Geographically  selected 

—  Continued. 


*  FrKJplUtlon  included  Id  Umt  of  following  day. 
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Daily  Bainfall  in  Inches  at  Nine  Places  in  Massachusetts,  Geographically  selected 

—  Continued. 


Hay,  1805. 


DAT 

OF 

MOMTH. 


1, 

i, 

s, 

4, 
6, 

«. 
7. 

8. 

0. 
10, 
U. 
12, 
13. 
14, 
15, 

M. 
17, 
18, 
W, 
», 
SI. 
«. 


s 


J 

2 

m 

*1 

e 
a 

3 

I 

f 

** 

z 

c 

I 

i 
i 

00 

d 

o 

•* 

§ 

9     > 

«  > 


Jane,  1895. 


DAT 

or 
Moxth. 


© 

3 


e 

a 

< 


.3 


a 
9 


^  i 


3 

s 


r=  I  * 


E 

3 


e 

3 

a 
a 


as 


a.. 


-  10.61 0.20  0.10 


0.18 


0.06     * 


0.09 


0.10 


0.28 


0.23 


0.060.21 


0.06 


4,. 

6,. 

«,. 
7,. 

8.. 


1.20 


0.40 


0.28 


# 
1.68 


# 


• 
0.11 


•   0.10  0.11,0.12 


0.10  0.66 


0.09     -  0.160 


I 


I 


0.06 


0.060.01 


10,. 

11.. 

12,. 
18,. 

14.. 

15,. 
16,. 
17,. 
18,. 

w,. 

20,. 
21,. 
22,. 
28,. 
24.. 


0.12  0.19  0.12  0.060.18 


0.600.60 


0.72 


0.67 


* 
1.19 


0.79 


* 
1.20 


0.89 
0.18 


0.80  0.120.480.67 


0.16  0.16 


0.07 


0.660.200.63 


0.77 

0.29 

* 


0.40  0.10 


0.26 


0.26 


1.20  0.96 


0.13  0.210.40 


0.08 


-  0.31 


0.W 


# 
0.66 


-   0.08     - 


0.150.11 


0.18 


0.03     - 


-   0.02     - 


•0, 


Totals, 


0.20 

0.70 


* 
1.00 


0.06  0.06 
t2.05;2.03 


0.20  0.080.10 
0.79  0.26*0.80 


2.32 


0.06 


0.11 
0.22 


1.942.681.66 


0.13  0.20  0.49 
-  0.400.29 

*       «, 

0.21     - 


0.11,0.32  0.02 
2.80l3.95'4.23 

i      I      : 


26,. 
26,  . 
27,. 
28,. 
29,. 
30,. 

Totals, 


0.95  0.67  0.27  0.81  0.27  0.36,1.07 


0.80,     - 


0.25  0.80  0.43 


I 


0.89 


0.40;      - 

0.30  0.55 

0.210.02 


.  I    - 


-   1.17 


I 


-   2.301.46, 


1.15     -   1.02     - 


0.13  0.23  0.04  0.19  0.02 


1.60 


2.85  3.47  3. 24  3. 23  2. 21  2.94  2. 98  2. 17J3.64 


*  Precipitation  included  in  that  of  following  day. 
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Daily  Bain/all  in  Inches  at  Nine  Placet  in  Massachusetts,  Geographically  selected 
—  Continued. 
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•  Fnclpluiion  included  In  Ibat  of  following  day. 
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Daily  Rainfall  in  Inches  at  Nine  Places  in  Geographically  selected 


•  FctclpllmlloD  included  In  Uut  of  following  ilmy. 
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Flow  of  Streams. 

The  flow  of  the -streams  of  the  State  during  the  year  1895,  as 
indicated  by  the  flow  of  the  Sudbury  River,  was  a  very  little  greater 
than  the  average  for  the  past  twenty-one  years.  In  order  to  show 
the  relation  between  the  flow  of  the  Sudbury  River  during  each 
month  in  1895  and  the  normal  flow  of  the  same  river,  as  deduced 
from  observations  for  twenty-one  years  from  1875  to  1895,  inclu- 
sive, the  following  table  has  been  prepared. 

The  area  of  the  watershed  of  the  Sudbury  River  above  the  point 
where  its  flow  is  measured  is  75.2  square  miles. 

Table  showing  Average  Monthly  Flow  of  Sudbury  River  for  the  Tear  1895%  in 
Cubic  Feet  per  Second  per  Square  Mile  of  Drainage  Area,  also  Departures  from 
the  Normal  Flow. 


MONTH. 


Xoiii al  Flow. 

Cable  Feet  per 

Second  per 

Square  Mile. 


Actual  Flow 
ik  1895. 

Coble  Feet  per 

Second  per 

Square  Mile. 


Excise  oh  De- 
ficiency. 

Cubic  Feet  per 

Second  per 

Square  Mile. 


January, 
February, 
March,    . 
April,      . 
May,       .       . 
June, 
July, 

August,  .       • 
September,    . 
October, . 
November,     • 
Deoember, 
Average, 


1.874 
2.855 
4.871 
3.177 
1.770 
0.781 
0.290 
0.442 
0.370 
0.848 
1.471 
1.605 


1.644 


1.590 
0.836 
3.727 
8.890 
0.983 
0.270 
0.356 
0.355 
0.137 
2.133 
4.295 
2.756 


1.791 


—0.275 
—2.019 
—0.644 
-+-0.713 
—0.798 
— 0.461 
+0.066 
—0.087 
—0.283 
-hi. 290 
+2.824 
+1.151 


+0.147 


The  next  table  shows  the  weekly  fluctuations,  during  1895,  in  the 
flow  of  the  two  streams  most  carefully  measured,  namely,  the  Sud- 
bury and  the  Merrimack.  The  flow  of  these  streams,  particularly 
the  Sudbury,  will  serve  to  indicate  the  condition  of  other  streams  in 
eastern  Massachusetts. 
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Wbik  bvdihq  Suvdat. 

8UDBUBY 
RlVlB. 

Coble  Feet 

per 

Second 

per  Square 

Mile. 

Merrimack  j 

RlVKR. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Week  evddio  Suvdat. 

SUDBCRY 
KlVER. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Merrimack 

KlVER. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Jan.    0,      .       .       .       . 

0.840 

0.493 

July  7,    •       .       . 

0.190 

0.613 

13, 

1.214 

0.637 

14,    . 

0.187 

0.614 

20. 

1.188 

0.760 

21,    . 

0.120 

0.542 

27, 

0.090 

0.657 

28,    .       , 

0.088 

0.453 

Feb.    3, 

0.802 

0.607 

Aug.  4,    . 

0.476 

0.496 

10,      , 

0.600 

0.617 

11.    • 

0.290 

0.473 

17,      , 

0.488 

0.482 

18,    . 

0.208 

0.449 

24,      , 

0.446 

0.498 

25,    . 

0.360 

0.505 

Mar.   3,      , 

0.663 

0.491 

Sept.  1,    . 

0.139 

0.411 

10,      . 

1.483 

0.709 

8,    . 

0.036 

0.387 

17,      , 

3.628 

1.892 

16,    . 

0.145 

0.392 

24,      « 

2.072 

1.419 

22,    . 

0.878 

0.374 

31,      , 

2.802 

1.902 

29,    .        , 

0.025 

0.333 

Apr.  7, 

1.726 

1.594 

Oct.   6,    • 

0.804 

0.432 

14,      . 

2.607 

4.975 

13,    . 

0.333 

0.416 

21,     , 

4.166 

8.098 

20,    .       , 

8.767 

1.771 

28,      , 

1.482 

8.050 

27,    • 

0.777 

0.843 

May    6,      . 

0.088 

2.020 

Nov.  8,    . 

1.427 

0.986 

12,      . 

0.610 

1.669 

10,    . 

1.636 

1.321 

W.      . 

0.694 

1.335 

17,    .       , 

2.137 

1.826 

26,      , 

0.426 

0.870 

24,    .       . 

8.226 

2.523 

June  2, 

0.407 

1.064 

Dec.  1,    • 

3.367 

2.933 

»,     . 

0.807 

0.826 

8,    .       , 

2.081 

2.240 

1«.     . 

0.240 

0.629 

15,    . 

1.179 

1.596 

28,      . 

— 0.277 

0.499 

22,    .       . 

1.282 

1.182 

80,      , 

0.818 

0.608 

29,    .        , 

2.016 

2.903 

In  the  annual  report  of  the  State  Board  of  Health  for  the  year 

1890  (pages  338  to  340)  a  table,  taken  from  the  annual  reports  of 
the  Boston  Water  Board,  was  printed,  giving  the  records  of  rainfall 
upon  the  Sudbury  River  watershed  and  its  yield,  expressed  in 
inches  in  depth  on  the  watershed  (inches  of  rainfall  collected),  for 
sixteen  years,  from  1875  to  1890,  inclusive.  The  corresponding 
records  for  the  years  1891  and  1892  were  given  in  the  annual  re- 
port for  1892,  and  the  records  for  the  years  1893  and  1894  in  the 
annual  reports  for  those  years.     For  convenience,  the  records  from 

1891  to  1894,  inclusive,  are  reprinted  in  the  following  table,  to- 
gether with  the  record  for  1895  and  an  average  for  the  whole  twenty- 
one  years :  — 
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Flow  of  Streams  . 

The  flow  of  the -streams  of  the  State  during  the  year  1895,  as 
indicated  by  the  flow  of  the  Sudbury  River,  was  a  very  little  greater 
than  the  average  for  the  past  twenty-one  years.  In  order  to  show 
the  relation  between  the  flow  of  the  Sudbury  River  during  each 
month  in  1895  and  the  normal  flow  of  the  same  river,  as  deduced 
from  observations  for  twenty-one  years  from  1875  to  1895,  inclu- 
sive, the  following  table  has  been  prepared. 

The  area  of  the  watershed  of  the  Sudbury  River  above  the  point 
where  its  flow  is  measured  is  75.2  square  miles. 

Table  showing  Average  Monthly  Flow  of  Sudbury  River  for  the  Tear  1895,  in 
Cubic  Feet  per  Second  per  Square  Mite  of  Drainage  Area,  alto  Departures  from 
the  Normal  Flow. 
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Wrek  kydikq  Sujtdat. 

SUDBURT 
RlVRR. 

Cublo  Feet 

per 

Second 

per  Square 

Mile. 

MERRIMACK  , 
RlVKR.        | 

Coble  Feet 

per 

Second 

per  Square 

Mile. 

Week  ehddio  Scndat. 

Sudbury 
Kivkr. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Merrimack 
River. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Jan.    6,             •       • 

0.340 

0.493 

July  7,    •       .       • 

0.190 

0.613 

18, 

1.214 

0.637 

U,    • 

0.187 

0.6U 

20,      . 

1.138 

0.760 

21,    . 

0.120 

0.542 

27, 

0.090 

0.657 

28,    . 

0.088 

0.453 

Feb.   3, 

0.802 

0.607 

Aug.  4,    . 

0.476 

0.496 

10,     . 

0.600 

0.517 

11.    • 

0.290 

0.473 

17,      , 

0.486 

0.482 

18,    . 

0.208 

0.449 

24,      , 

0.446 

0.498 

25,    . 

0.360 

0.505 

Mar.  3,     . 

0.653 

0.491 

Sept.  1,    . 

0.139 

0.411 

10,     . 

1.483 

0.709 

8,    . 

0.036 

0.387 

17.      . 

3.623 

1.392 

15,     . 

0.145 

0.392 

24,     . 

2.072 

1.419 

22,    . 

0.878 

0.374 

81,      ■ 

2.302 

1.902 

29,    .        , 

0.025 

0.333 

Apr.  7, 

1.726 

1.594 

Oet.  6,    . 

0.804 

0.432 

14.      . 

2.607 

4.975 

13,    . 

0.333 

0.416 

21,      , 

4.166 

8.098 

20,    .       , 

8.767 

1.771 

28,      . 

1.432 

8.050 

27,    • 

0.777 

0.843 

May    6,      , 

0.988 

2.020 

Nov.  8,    . 

1.427 

0.986 

12,      . 

0.619 

1.669 

10,    . 

1.636 

1.321 

19,      , 

0.694 

1.335 

17,    .       . 

2.137 

1.826 

26,      . 

0.426 

0.870 

24,    .       . 

3.226 

2.523 

JODO    2, 

0.407 

1.054 

Dec.  1,    • 

3.367 

2.933 

»,    . 

0.307 

0.826 

8,    .       . 

2.081 

2.240 

1«.      • 

0.240 

0.629 

15,    .       . 

1.179 

1.596 

28,      , 

—0.277 

0.499 

22,    .       . 

1.282 

1.182 

80,      , 

0.818 

0.608 

29.    .       . 

2.016 

2.903 

In  the  annual  report  of  the  State  Board  of  Health  for  the  year 

1890  (pages  338  to  340)  a  table,  taken  from  the  annual  reports  of 
the  Boston  Water  Board,  was  printed,  giving  the  records  of  rainfall 
upon  the  Sudbury  River  watershed  and  its  yield,  expressed  in 
inches  in  depth  on  the  watershed  (inches  of  rainfall  collected),  for 
sixteen  years,  from  1875  to  1890,  inclusive.  The  corresponding 
records  for  the  years  1891  and  1892  were  given  in  the  annual  re- 
port for  1892,  and  the  records  for  the  years  1893  and  1894  in  the 
annual  reports  for  those  years.     For  convenience,  the  records  from 

1891  to  1894,  inclusive,  are  reprinted  in  the  following  table,  to- 
gether with  the  record  for  1895  and  an  average  for  the  whole  twenty- 
one  years :  — 


428 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


Flow  of  Streams. 

The  flow  of  the -streams  of  the  State  during  the  year  1895,  as 
indicated  by  the  flow  of  the  Sudbury  River,  was  a  very  little  greater 
than  the  average  for  the  past  twenty-one  years.  In  order  to  show 
the  relation  between  the  flow  of  the  Sudbury  River  during  each 
month  in  1895  and  the  normal  flow  of  the  same  river,  as  deduced 
from  observations  for  twenty-one  years  from  1875  to  1895,  inclu- 
sive, the  following  table  has  been  prepared. 

The  area  of  the  watershed  of  the  Sudbury  River  above  the  point 
where  its  flow  is  measured  is  75.2  square  miles. 

Table  showing  Average  Monthly  Flow  of  Sudbury  River  for  the  Tear  1895%  in 
Cubic  Feet  per  Second  per  Square  Mile  of  Drainage  Area,  also  Departures  from 
the  Normal  Flow. 


MONTH. 


Noimal  Flow. 

Cubic  Feet  per 

Second  per 

Square  Mile. 


Actual  Flow 
IN  1895. 

Cubic  Feet  per 

Second  per 

Square  Mile. 


Excess  oh  De- 
ficiency. 

Cubic  Feet  per 

Second  per 

Square  Mile. 


January, 
February, 
March,  . 
April,  . 
May, 
June,  . 
July, 

August,  .  . 
September,  • 
October, . 
November,  . 
December,  • 
Average, 


1.874 
2.855 
4.871 
3.177 
1.770 
0.731 
0.290 
0.442 
0.370 
0.843 
1.471 
1.005 


1.644 


1.590 
0.838 
3.727 
8.890 
0.983 
0.270 
0.356 
0.355 
0.137 
2.133 
4.205 
2.756 


1.791 


—0.275 
—2.019 
—0.644 
-+-0.713 
—0.793 
—0.461 

+0.066 
—0.087 
—0.233 
+1.290 
+2.824 
+1.151 


+0.147 


The  next  table  shows  the  weekly  fluctuations,  during  1895,  in  the 
flow  of  the  two  streams  most  carefully  measured,  namely,  the  Sud- 
bury and  the  Merrimack.  The  flow  of  these  streams,  particularly 
the  Sudbury,  will  serve  to  indicate  the  condition  of  other  streams  in 
eastern  Massachusetts. 
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8UDBU1T 
RlVKB. 

Mbbbixaok 

BlVBB. 

SCDBCRY 
KlVJtR. 

Merrimack 

KlVKR. 

Wrkk  bvdivo  Scvday. 

Cable  Feet 

per 

Second 

per  Square 

Mile. 

Coble  Feet 

per 

Second 

per  Square 

Mile. 

WEBK  XJTDIXQ  SCNDAT. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Jan.    0,      .       .       .       . 

0.340 

0.493 

July  7,    .        . 

0.190 

0.613 

13, 

1.214 

0.637 

14,    . 

0.187 

0.614 

20, 

1.138 

0.760 

21,    . 

0.120 

0.542 

27, 

0.090 

0.657 

28,    . 

0.088 

0.453 

Feb.   3, 

0.802 

0.607 

Aug.  4,    . 

0.476 

0.496 

10, 

0.600 

0.517 

11.    • 

0.290 

0.473 

17.      . 

0.488 

0.482 

18,    . 

0.208 

0.449 

24,      . 

0.446 

0.498 

25,    . 

0.360 

0.505 

Mar.  3,     . 

0.663 

0.491 

Sept  1,    . 

0.139 

0.411 

10,      . 

1.483 

0.709 

8,    .       , 

0.036 

0.387 

17.      , 

3.623 

1.392 

15,    . 

0.145 

0.392 

24,      . 

2.072 

1.419 

22,    . 

0.878 

0.374 

31,      . 

2.802 

1.902 

29.    .        , 

0.025 

0.333 

Apr.  7,     . 

1.726 

1.594 

Oct.   6,    • 

0.804 

0.432 

14,      , 

2.607 

4.975 

18,    . 

0.333 

0.416 

21,      , 

4.166 

8.098 

20,    .        , 

8.767 

1.771 

28,      , 

1.482 

8.050 

27,    . 

0.777 

0.843 

May    6, 

0.088 

2.020 

Nov.  3,    . 

1.427 

0.986 

12,      . 

0.610 

1.569 

10,    . 

1.636 

1.321 

w.    . 

0.694 

1.335 

17,    .        . 

2.137 

1.826 

26,      . 

0.426 

0.870 

24,    .        . 

8.226 

2.523 

Jane  2,     , 

0.407 

1.054 

Dec.  1,    . 

8.367 

2.933 

»,     . 

0.307 

0.826 

8.    .       . 

2.081 

2.240 

16,     . 

0.240 

0.629 

15,    . 

1.179 

1.596 

23,      , 

— 0.277 

0.499 

22,    .       . 

1.282 

1.182 

80,      . 

0.818 

0.608 

29,    .       , 

2.016 

2.903 

In  the  annual  report  of  the  State  Board  of  Health  for  the  year 

1890  (pages  338  to  340)  a  table,  taken  from  the  annual  reports  of 
the  Boston  Water  Board,  was  printed,  giving  the  records  of  rainfall 
upon  the  Sudbury  River  watershed  and  its  yield,  expressed  in 
inches  in  depth  on  the  watershed  (inches  of  rainfall  collected),  for 
sixteen  years,  from  1875  to  1890,  inclusive.  The  corresponding 
records  for  the  years  1891  and  1892  were  given  in  the  annual  re- 
port for  1892,  and  the  records  for  the  years  1893  and  1894  in  the 
annual  reports  for  those  years.     For  convenience,  the  records  from 

1891  to  1894,  inclusive,  are  reprinted  in  the  following  table,  to- 
gether with  the  record  for  1895  and  an  average  for  the  whole  twenty- 
jue  years :  — 
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The  Sudbury  River  records  are  particularly  valuable  as  a  basis  for 
estimating  the  yield  of  other  watersheds  in  Massachusetts,  both  on 
account  of  the  accuracy  with  which  the  measurements  have  been 
made  during  the  whole  twenty  years,  and  the  absence  of  abnormal 
conditions  which  would  unfavorably  affect  the  results.  It  is  there- 
fore thought  advisable  to  publish  in  the  following  table  those  por- 
tions of  the  records  relating  to  the  yield  of  this  watershed  for  each 
of  the  twenty  years ;  and  in  doing  bo  the  flow  from  the  watershed 
is  expressed  in  gallons  per  day  per  square  mile,  instead  of  inches  in 
depth  of  rainfall  collected,  in  order  to  render  the  table  more  con- 
venient for  use  in  estimating  the  probable  yield  of  watersheds  used 
as  sources  of  water  supply. 

Yield  of  the  Sudbury  River  Watershed  in  Gallons  per  Day  per  Square  Mile.* 


Increasing  by  [ha  «m>  miction  of  Hong*  lowrvolri  to  ■bout  throe  por  ct 
Bl»  conlalne  eitenatve  areaa  of  twuofy  land,  which,  (bough  covered  ■ 
iucluded  Id  the  above  porunlagee  of  wator  aurfaoea. 
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Yield  of  the  Sudbury  River  Watershed  in  Gallons  per  Day  per  Square  Mile  — 

Concluded. 


MOVTH. 

1881. 

189*. 

188S. 

1894. 

1898. 

Mean  for  21 

Years, 
1878-1898, 

Inclusive. 

January, 
February,    . 
March, 
April,  . 
May,    . 
June,   . 
July,    . 
August, 
September, , 
October, 
November, 
December,  . 

8,018,000 

8,486,000 

4,463,000 

2,397,000 

682,000 

414,000 

149,000 

163,000 

208,000 

210,000 

806,000 

644,000 

1,870,000 
943,000 

1,966,000 
871,000 

1,269,000 
428,000 
214,000 
280,000 
229,000 
126,000 
697,000 
486,000 

433,000 

1,642,000 

8,246,000 

2,126,000 

2,883,000 

440,000 

168,000 

181,000 

108,000 

221,000 

319,000 

797,000 

693,000 
991,000 
2,238,000 
1,640,000 
840,000 
419,000 
161,000 
209,000 
160,000 
374,000 
836,000 
716,000 

1,034,000 

641,000 

2,410,000 

2,616,000 

636,000 

174,000 

231,000 

229,000 

89,000 

1,379,000 

2,777,000 

1,782,000 

1,212,000 

1,846,000 

2,826,000 

2,063,000 

1,148,000 

473,000 

187,000 

286,000 

240,000 

646,000 

960,000 

1,038,000 

Average  f< 
Av.  for  drl 

!>r  wl 
est  si 

lole 
Lzmc 

year, 

roths, 

1,316,000 
239,000 

781,000 
827,000 

1,087,000 
237,000 

770,000 
866,000 

1,162,000 
466,000 

1,062,000 
898,000 

THE  HABDNESS   OF  WATER 


AHD 


METHODS  BY  WHICH  IT  IS  DETERMINED. 


By  ELLEN   H.  RICHARDS,  S.B. 
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Daily  Rainfall  in  Inches  at  Nine  Places  in  Massachusetts,  Geographically  selected 

—  Continued. 


May,  1895. 

Jane,  1895. 
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29,  .       . 

80,  .       . 

81,  .       . 

0.60 
0.80 
0.15 

0.20 
0.70 

0.05 

0.60 
0.12 
0.15 

• 
1.00 

0.06 

0.72 
0.48 
0.07 

0.20 

0.79 

♦ 
0.67 

0.67 
0.26 

0.08 
0.26 

0.06 

0.09 

• 
1.19 
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0.10 
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0.18 
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0.18 
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0.81 
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0.40 
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1 

1 
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0.77 

0.29 

• 
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0.52 

0.65! 
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6,.        . 
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1 
1 

0.30 

0.25 

i 

0.40 
1 
0.30 

♦ 
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0.5.') 
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0.09 
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0.19 
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0.81 

1.02 
0.04 

0.10 
0.12 

_ 
0.27 

* 

2.80 
0.19 

0.11 

0.16 

• 

0.06 

0.36 

* 
1.46 

0.02 

1 

I 

0.18 

0.12 
0.89 

0.18 

1.07 

• 
1.60 

Totals, 

2.05 

^ 

*.„ 

1.94 

2.681.65 

1 

2.80 

3.95 

4.23 

Totals, 

2.85 

1 

3.47 

3.24 

3.23 

2.21 

2.94 

1 

2.98 

1 

2.17  8.64 

*  Precipitation  included  in  that  of  following  day. 
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If  calcium  carbonate  and  chloride  were  the  only  Baits  to  be  met 
with,  or  if  calcium  and  magnesium  salts  occurred  separately  in  waters, 
the  results  would  be  quantitative ;  but,  as  the  salts  usually  occur  mixed 
in  unknown  proportions,  the  figures  given  under  the  heading  "  hard- 
ness "  are  accurate  only  within  limits. 

As  recorded  in  the  reports  of  the  State  Board  of  Health,  the 
figures  under  "  hardness"  indicate  the  number  of  grams  of  calcium 
carbonate  which,  dissolved  in  100,000  grams  (100  litres)  of  distilled 
water,  would  decompose  as  much  soap  as  would  100  litres  of  the 
water  in  question.  If  the  mineral  salt  was  magnesium  carbonate  or 
calcium  sulphate,  the  figure  would  be  slightly  different ;  and  if  two 
or  three  of  these  compounds  were  present,  yet  a  different  figure 
would  be  given.  Ordinary  Soaps  contain  from  23  to  31  per  cent,  of 
water,  and  in  combining  power  have  been  found  to  vary  from  75  to 
90  per  cent,  of  the  value  of  the  standard  soap  used  in  the  determi- 
nations, with  a  tendency  to  the  lower  limit.  Not  to  burden  this 
paper  with  the  long  series  of  experiments  and  calculations  made,  it 
may  be  said  that,  on  an  average  which  includes  some  wide  variations, 
the  weight  of  soap  required  to  give  a  lather  which  will  remain  five 
minutes  is  ten  to  twelve  times  the  weight  of  the  calcium  and 
magnesium  salts. 

From  the  figures  under  the  heading  "  hardness,"  in  the  tabulated 
analyses,  an  estimate  may  be  made  as  follows  :  — 

If  the  hardness  of  a  water  is  given  as  9.0,  it  means  that  in 
100,000  pounds  of  water  there  is,  of  calcium  and  magnesium  salts, 
a  quantity  which  gives  the  same  hardness  to  water  which  would  be 
given  by  9  pounds  of  calcium  carbonate.  In  order  to  soften  this 
water  for  manufacturing  purposes  about  9  pounds  of  soda  ash  will 
be  required,  and  for  laundry  purposes  about  90  pounds  of  soap. 

Massachusetts  is,  as  regards  hardness,  exceptionally  fortunate  in 
her  water  supplies.  Of  153  sources  supplying  143  cities  and  towns, 
only  13  per  cent,  show  over  4  parts  per  100,000  of  hardness,  while 
half  of  the  remaining  87  per  cent,  have  a  hardness  below  1.5  parts, 
and  13.7  per  cent,  of  the  whole  number  have  a  hardness  of  less  than 
0.5  of  one  part.  Of  the  19  supplies  which  have  a  hardness  of  more 
than  4,  six  are  between  4  and  5,  four  are  between  5  and  6,  three  are 
between  6  and  10,  one  is  between  10  and  15,  five  are  over  15. 
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Methods  of  Determination  op  Hardness. 

1.    By  Soap,  —  Clark's  Method. 

When  potassium  or  sodium  soap  is  added  to  water  containing 
calcium  and  magnesium  salts,  the  soap  is  decomposed,  and  insoluble 
compounds  with  the  fatty  acids  are  produced. 

Upon  this  decomposition  of  soap  is  based  the  method  for  the 
determination  of  "  lime  salts  "  Which  was  perfected  and  patented  by 
Thomas  Clark  *  in  1841.  Variously  modified  by  French,  German 
and  English  chemists,  the  principles  he  formulated  proved  of  general 
application.  He  employed  sixteen  standard  calcium  carbonate  solu- 
tions, containing  from  one  to  sixteen  "  degrees  of  hardness,"  one 
degree  meaning  one  grain  of  calcium  carbonate  to  the  imperial  gallon. 
The  soap  solution  was  prepared  by  dissolving  hard  soap  in  proof 
spirits  and  making  up  to  such  a  strength  that  100  test  measures  of 
the  standard  calcium  carbonate  solution  of  16  degrees  of  hardness 
should  take  32  test  measures  of  soap  solution,  a  test  measure  being 
rfov  part  of  a  gallon. 

Hardness  may  be  temporary,  caused  by  the  presence  of  bicar- 
bonates  which  are  decomposed  by  boiling  heat,  with  the  liberation 
of  carbon  dioxide  (carbonic  acid) ,  or  permanent,  caused  by  com- 
pounds other  than  the  bicarbonates.  In  the  Clark  process  the  total 
hardness  is  determined  on  the  unboiled  water  and  the  permanent  on 
the  boiled,  the  difference  being  the  temporary  hardness.  The  total 
hardness  only  is  given  in  the  results  tabulated  in  the  State  Board 
of  Health  reports. 

The  solutions  used  in  the  laboratory  for  water  analysis  are  made 
as  follows :  — 

A  standard  calcium  chloride  solution  is  prepared  by  dissolving 
0.2  gram  of  Iceland  spar  in  dilute  hydrochloric  acid  in  a  platinum 
dish  and  evaporating  to  dryness,  redissolving  in  a  small  amount 
of  water  and  again  evaporating  to  dryness.  This  is  repeated 
several  times,  until  all  the  free  acid  is  removed  and  a  perfectly 
neutral  salt  remains  which  is  dissolved  in  water  and  made  up  to 
one  litre.  One  cubic  centimeter  then  contains  calcium  chloride 
equivalent  to  0.0002  gram  calcium  carbonate. 

For  the  preparation  of  the  standard  soap  solution  100  grams  of 
the  best  quality  of  dry,  white  Castile  soap  is  cut  into  thin  shavings, 

dissolved  in  dilute  alcohol  (500  cubic  centimeters  alcohol,  96  per 

— * 

*  Clark's  Process,  Repertory  Patent  Inventions,  1841. 
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cent.,  and  500  cubic  centimeters  of  distilled  water)  and  allowed  to 
stand  over  night  to  settle ;  100  cubic  centimeters  of  the  clear  liquid 
are  then  made  up  to  two  litres,  enough  alcohol  being  used  to  keep 
all  of  the  soap  in  solution.  Fifty  cubic  centimeters  of  the  standard 
solution  of  calcium  chloride,  which,  according  to  the  table,  should 
take  exactly  14.25  cubic  centimeters  of  standard  soap,  are  used  to 
test  its  strength.  The  solution  thus  prepared  does  not  change  per- 
ceptibly if  air  has  no  access  to  it,  and,  if  used  with  a  siphon  burette 
attached  to  the  bottle,  will  keep  for  five  or  six  weeks  or  longer.  It 
contains  5.2  grams  of  Castile  soap  to  the  litre. 

For  the  standardization  of  the  soap  and  for  the  determination  of 
the  hardness  of  any  water,  50  cubic  centimeters  of  the  water  to  be 
tested  or  of  the  standard  calcium  chloride  solution  are  placed  in  a 
flask  or  bottle  of  200  cubic  centimeters  capacity  and  of  a  convenient 
shape,  and  the  soap  solution  added,  two  or  three  tenths  of  a  cubic 
centimeter  at  a  time,  shaking  well  after  each  addition,  until  a  lather 
is  obtained  which  is  permanent  for  five  minutes,  and  covers  the 
entire  surface  of  the  liquid  with  the  bottle  placed  on  its  side. 

The  following  table  gives  the  hardness  corresponding  to  the  num- 
ber of  cubic  centimeters  of  soap  solution  used  in  the  analyses  :  — 


Table  of  Hardness. 


Volume  of  Soap 
tk>l.  c.c 

Hurdness. 
(Ca  COs  per 

100,000.) 

i 

1   Volume  of  Soap 
Sol.  c.c. 

Hani  nets. 
(Ca  103  per 

100,000. ) 

i 

.  Volume  of  Soap 
1         Sol.  cc. 

i 

Hardness. 
(Ca  COs  par 

lU0,G»O  ) 

0.7 

0.00 

3.7 

4.16 

6.7 

8. 43 

0.8 

0.16 

3.8 

4.29            | 

6.8 

8.57 

0.9 

0.32 

3.9 

4.43 

1              6.9 

8.71 

1.0 

0.48 

4.0 

4.57 

7.0 

8.86 

l.l 

0.63 

4.1 

4.71 

7.1 

0.00 

1.2 

0.79 

4.2 

4.86 

7.2 

9.14 

1.3 

0.95 

4.3 

6.00 

7.3 

9.29 

1.4 

1.11 

4.4 

6.14 

7.4 

9.43 

1.6 

1.27 

4.6 

6.29 

7.5 

9.57 

1.6 

1.43 

4.6 

5.43 

7.6 

9.71 

1.7 

1.56 

4.7 

6.57 

7.7 

9.S6 

1.8 

1.09 

4.8 

6.71 

7.8 

10.00 

1.9 

1.82 

4.9 
6.0 

5.86 

7.9 

10.15 

2.0 

1.95 

6.00 

8.0 

10.30 

2.1 

2.08 

5.1 

6.14 

8.1 

10.45 

2.2 

2.21 

6.2 

6.29 

8.2 

10.60 

2.3 

2.34 

5.3 

6.43 

6.57            1 

6.71            ' 

8.3 

10.75 

2.4 

2.47 

5.4 

1              8.4 

10.90 

2.5 

2.60 

5.5 

8.5 

11.05 

2.6 

2.73 

5.6 

6.86            i 

8.6 

11.20 

2.7 

2.86 

5.7 

7.00            i 

8.7 

11.35 

2.8 

2.99 

6.8 

7.14            1 

8.8 

11.60 

2.9 

3.12 

5.9 

7.29            i 

8.9 

11.65 

3.0 

3.25 

6.0 

7.43 

9.0 

11.80 

3.1 

3.88 

6.1 

7.67            1 

9.1 

11.95 

3.2 

3.51 

6.2 

7.71            , 

9.2 

12.11 

3.3 

3.64 

0.3 

7.86            ' 

9.3 

12.26 

3.4 

3.77 

6.4 

8.00 

9.4 

12.41 

3.5 

3.90 

6.5 

8.14 

9.6 

12.66 

8.6 

4.03            , 

6.6 

8.29 

» 

1 
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The  importance  of  adding  the  soap  solution  in  small  quantities 
tannot  be  too  strongly  emphasized,  especially  in  the  presence  of 
nagnesium  compounds.  If  much  carbonic  acid  be  liberated,  it  is  well 
co  follow  the  original  directions  and  remove  it  by  suction.  It  will 
be  observed  that  the  table  does  not  admit  of  the  determination  of 
hardness  above  12.5  parts.  In  case  the  water  under  examination  re- 
quires more  than  10  cubic  centimeters  of  the  standard  soap  solution, 
a  smaller  portion  of  25  cubic  centimeters,  10  cubic  centimeters,  or 
even  2  cubic  centimeters,  as  the  case  may  require,  is  measured  out 
and  made  up  to  a  volume  of  50  cubic  centimeters  with  recently  dis- 
tilled water.  This  will  keep  the  results  comparable  with  each  other, 
although  the  element  of  dilution  introduces  a  slight  error  into  the 
calculation. 

2.     By  Acid,  —  Hehner's  Method. 

Attempts  have  been  made  to  determine  the  calcium  and  magnesium 
salts  by  means  of  standard  acid  and  alkaline  solutions  instead  of  by 
soap.  An  exhaustive  study  of  the  relative  practical  value  of  one  of 
these,  as  compared  with  the  soap  method,  was  made  in  1890  in  the 
laboratory  of  the  State  Board  of  Health.  A  condensed  summary  of 
the  results  is  here  given. 

The  standard  solutions  used  are  sodium  carbonate,  1.06  grams  to 
the  litre,  one  cubic  centimeter  corresponding  to  0.0001  gram  calcium 
carbonate,  and  sulphuric  acid  of  such  a  strength  that  one  cubic  cen- 
timeter will  exactly  neutralize  one  cubic  centimeter  of  the  standard 
sodium  carbonate  (0.98  gram  of  sulphuric  acid  to  one  litre). 

For  the  determination  of  the  temporary  hardness,  100  cubic  centi- 
meters of  the  water  to  be  tested,  tinted  with  lacmoid,  which  is  the 
best  indicator  to  use  with  surface  waters,  are  heated  nearly  to  boiling 
in  a  porcelain  dish,  and  the  standard  acid  added  to  a  neutral  reaction. 
Each  cubic  centimeter  of  acid  corresponds  to  one  part  of  calcium 
carbonate  per  100,000. 

For  the  permanent  hardness,  another  100  cubic  centimeters  of 
water  are  taken,  and  enough  of  the  standard  sodium  carbonate 
solution  added  to  more,  than  decompose  the  salts  of  calcium  and 
magnesium,  and  the  whole  evaporated  to  dryness  in  a  platinum  or 
nickel  dish.  (Glass  and  porcelain  cannot  be  used,  as  too  large  an 
error  is  introduced  from  the  alkali  dissolved  from  these  substances.) 
The  residue  is  first  treated  with  boiling  distilled  water,  which  has 
been  boiled  for  a  few  minutes  to  remove  any  carbonic  acid,  and  then 
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filtered  through  a  small  filter  which  must  be  well  washed,  the  filtrate 
tinted  with  lacmoid  and  the  excess  of  free  alkali  determined  by  the 
standard  acid.* 

The  number  of  cubic  centimeters  of  sodium  carbonate  used,  less 
the  acid  used  for  neutralization,  gives  the  permanent,  and  the  sum 
of  the  two  gives  the  total,  hardness. 

With  alkaline  waters,  with  sewage  and  with  some  sewage  efflu- 
ents, a  correction  must  be  made  for  the  excess  of  alkaline  carbo- 
nates ;  but  in  these  cases  the  results  after  correction  do  not  compare 
as  closely  with  the  soap  method  as  do  those  obtained  with  the  natural 
waters. 

The  following  tabulated  results  were  obtained  by  the  two  methods, 
which  were  tried  on  a  number  of  ground  and  surface  waters  and  sev- 
eral samples  of  sewage,  in  every  case  the  total  hardness  being 
given :  — 

Surface  Waters. 

[Parts  per  100,000.] 


Plage  of  Collection. 


Total 
Hardness  by- 
Soap. 


Total 

Hardness  by 

Acid. 


Eltchburg,  Overlook  Reservoir, 

Springfield,  Ludlow  Reservoir,  0  feet  beneath  the  surface,  .       . 

Springfield,  Ludlow  Reservoir,  at  surface, 

Qaincy,  Reservoir, 

Lawrence,  Merrimack  River,    ......... 

Brockton,  Reservoir, 

Qaincy,  inlet  to  Reservoir, 

Worcester,  Holden  Reservoir, 

Mlllvllle,  Blackstone  River, 

Boston  Water  Works,  Basin  4,  20  feet  beneath  the  surface, 
Boston  Water  Works,  Basin  4,  4  feet  beneath  the  surface,  . 

Lawrence,  Merrimack  River 

Boston  Water  Works,  Cold  8prlng  Brook,  at  head  of  Reservoir  No.  4, 

Boston  Water  Works,  Reservoir  No.  2, 

Boston  Water  Works,  Sudbury  River,  at  head  of  Reservoir  No.  2,    . 
Boston  Water  Works,  Reservoir  No.  4,  near  bottom,    .... 

Boston  Water  Works,  Reservoir  No.  3, 

Framlngham,  Farm  Pond, 

Marlborough, 

Boston  Water  Works,  Stony  Brook,  at  head  of  Reservoir  No.  3, 

Winchester,  Reservoir, 

Worcester,  Blackstone  River, 

Poughkeepeie,  inlet  of  filter-basin, 

Poughkeepsie,  inlet  of  east  filter-bed, 

Poughkeepeie,  inlet  of  west  filter-bed, 

Poughkeepsie,  Hudson  River, 


0.70 

1.11 

1.00 

0.80 

1.11 

0.80 

0.70 

1.10 

1.60 

l.ll 

1.00 

1.00 

1.40 

1.45 

1.30 

1.55 

1.00 

1.90 

2.00 

2.35 

2.70 

2.00 

4.00 

4.00 

4.00 

4.50 


*  Analyst,  vol.  vlli,  77,  1883. 
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These  two  methods  were  then  tried  upon  three  samples  of  sewage, 
the  results  of  which  show  wide  differences :  — 


Place  of  Collection. 


Total 

Hardness  by 

8oap. 


Totnl 

Hardness  by 

Acid. 


No.  1, 
No.  2, 
No.  8, 


6.80 
7.20 
5.60 


These  three  samples  were  strongly  alkaline,  in  every  case  the  acid 
method  giving  the  higher  results. 


Ground  Waters. 


Place  op  Collection. 


Hardness 
by  Soap. 


Whitman,  well,       • 
Whately,  well, 
Sooth  Deerfield,  well, 
Melrose,  well,  • 
Melrose,  well,  . 
Greenfield,  well, 
Melrose,  well,  . 
Framlngbam,  filter-basin 
Orange,  well,   .       • 
Melrose,  well,  . 
Beading,  well, . 
Maiden,  well,   . 
Cambridge,  well,     . 
Cambridge,  well,     . 
Boston,  well,    . 
Williamsburg,  well, 
Beading,  well, . 
Sangns,  well,    . 
Amherst,  well, 


1.80 
2.08 
2.21 
2.30 
2.60 
2.78 
2.00 
8.10 
8.40 
8.60 
8.00 
8.00 
4.20 
4.40 
*.40 
4.67 
4.00 
4.70 
4.71 


Hardness 
by  Add. 


1.70 
2.00 
1.06 
2.40 
8.20 
2.20 
8.60 
8.10 
8.40 
4.70 
4.00 
6.00 
6.80 
4.90 
4.00 
4.20 
4.60 
6.80 
4.46 


Place  of  Collection. 


Hardness 
by  Soap. 


Wobnrn,  well,. 

Winchester,  well,    . 

Hatfield,  well,  . 

Booth  Deerfield,  well, 

South  Deerfield,  well, 

Hatfield,  well,  . 

Williamsburg,  well, 

Winter  Hill,  well,   . 

Maiden,  well,  . 

South  Fjramingham,  un 

der-drain. 
Maiden,  well,  • 

Reading,  well, . 

Fram Ingham,  well,  . 

Reading,  well, . 

Amherst,  well, 

Wllliamstown,  spring, 

Chelsea,  well,  . 

Chelsea,  well,  . 

Wllliamstown,  well, 


4.00 

6.10 

6.14 

6.71 

6.71 

6.00 

6.29 

7.00 

7.10 

7.70 

7.90 

10.00 

10.10 

11.60 

12.66 

34.40 

17.30 

17.60 

84.40 


Hardness 
by  Acid. 


4.40 

6.80 

4.70 

6.40 

6.42 

6.30 

8.80 

7.70 

7.30 

7.70 

8.80 

10.10 

9.80 

10.60 

12.30 

30.36 

17.10 

17.40 

30.36 


The  extent  to  which  the  presence  of  magnesium  salts  affects  the 
results  is  well  shown  in  the  following  table,  which  gives  not  only  the 
total  nardness  but  the  amount  of  each  salt  which  caused  it,  as  deter- 
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mined  by  analysis.  It  is  possible  by  careful  manipulation  to  precip- 
itate the  calcium  by  means  of  ammonium  oxalate,  and,  after  filtering, 
to  determine  the  hardness  due  to  the  remaining  magnesium  salts. 


[Part*  per  100,000.] 


Total 
Solid*. 

Cacoa. 

MgCCfe. 

Solid* 

causing 

Hardnet*. 

Hardneu 
by  8oap. 


Swampacott,  tubular  wall*, 
Swampacott,  tubular  well*, 
Swampacott,  large  well,   . 
Marblebead,  large  well,    . 
Marblebead,  tubular  well*, 


21.10 

8.71 

8.02 

9.73 

80.10 

6.06 

8.06 

9.10 

34.00 

9.01 

4.21 

14.12 

18.70 

8.89 

1.61 

4.88 

89.10 

8.45 

4.06 

12.60 

10.00 
9.10 

14.37 
4.86 

12.86 


The  foregoing  results  show  that  the  simpler  soap  method  gives 
results  agreeing  fairly  well  with  the  more  tedious  acid  method,  and 
it  is  therefore  desirable  to  retain  it  for  regular  use  in  determining 
the  hardness  of  waters  for  domestic  use.  It  has,  moreover,  the 
advantage  of  being  a  more  direct  expression  of  the  amount  of  soap 
wasted  in  using  a  water. 


EXPERIMENTS 


UPON  THE 


Purification  of  Sewage  and  Water 


▲T  THE 


LAWRENCE   EXPERIMENT   STATION, 


During  the  Year  1895. 


[443] 


EXPERIMENTS  UPON  THE  PURIFICATION  OF  SEWAGE  AND 
WATER  AT  THE  LAWRENCE  EXPERIMENT  STATION.* 


By  Harry  W.  Clark,  Chemist  in  Charge. 


The  year  1895  is  the  eighth  that  the  experimental  work  of  the 
Lawrence  Experiment  Station  has  been  continued.  The  work  has 
been  carried  on  under  the  general  supervision  of  Hiram  F.  Mills, 
A.M.,  C.E.,  a  member  of  the  State  Board  of  Health.  Mr.  Geo.  W. 
Fuller,  biologist,  was  in  direct  charge  of  the  station  until  August, 
1895,  when  the  writer,  who  had  previously  been  in  charge  of  the 
chemical  department,  succeeded  Mr.  Fuller  in  charge  of  the  station. 
Mr.  W.  R.  Copeland  is  in  charge  of  the  biological  department,  with 
Mr.  Lewis  Weinberg  as  assistant  biologist.  Mr.  F.  B.  Forbes  is 
assistant  chemist.  Profs.  T.  M.  Drown  and  W.  T.  Sedgwick,  of 
the  Massachusetts  Institute  of  Technology,  have  been,  respectively, 
consulting  chemist  and  biologist,  having  a  general  oversight  of  the 
chemical  and  biological  investigations. 

The  investigations  at  the  Lawrence  Experiment  Station  during 
the  year  1895  have  been  along  the  same  general  lines  as  in  previous 
years,  and  additional  and  valuable  data  upon  the  subjects  of  sewage 
and  water  purification  have  been  obtained.  The  question  of  the 
permanency  of  sewage  filters  and  the  best  methods  of  management 
to  secure  this  permanency,  preliminary  treatment  of  sewage  by 
different  methods  to  remove  sludge  before  filtration,  and  different 
methods  of  aerating  sewage  filters  to  secure  the  greatest  efficiency, 
quantitative  and  qualitative,  have  been  studied.  In  addition  to  this, 
studies  of  the  composition  of  sewage  have  been  continued,  and  in- 
vestigations of  methods  for  the  disposal  or  utilization  of  waste  liquors 
of  industrial  works  have  been  begun. 

The  investigations  upon  water  filtration  have  been  directed  towards 
the  subjects  of  high  rates  of  filtration  and  the  effectiveness  of  shallow 

*  A  fall  account  of  the  work  done  at  the  Lawrence  Experiment  Station  for  the  years  1888  and 
1888  is  contained  in  a  special  report  of  the  State  Board  of  Health  upon  the  Purification  of  Sew- 
age and  Water,  1890.  A  similar  account  for  the  years  1890  and  1891  is  contained  in  the  twenty- 
third  annual  report  of  the  Board  for  the  year  1891.  Since  1891  the  results  hare  been  published 
yearly  in  the  annual  reports. 
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filters  compared  with  deeper,  the  influence  of  period  of  use  upon  the 
qualitative  and  quantitative  efficiency  of  filters,  the  efficiency  of  sands 
of  a  character  not  before  used,  and  studies  of  the  operation  and 
results  —  chemical,  bacterial  and  hygienic  —  obtained  by  the  Law- 
rence city  filter.  A  portion  of  the  investigation  into  the  condition 
of  the  Neponset  River  has  been  carried  out  by  the  force  employed 
at  the  laboratories  of  the  station. 

Filtration  of  Sewage. 

The  sewage  applied  to  the  experimental  filters  is  drawn  through  a 
2.5  inch  pipe,  4,300  feet  long,  from  the  Lawrence  Street  sewer  at  a 
point  just  below  the  main  business  street  of  the  city  and  just  above 
the  entrance  of  wastes  from  the  large  mills.  This  sewer  drains  the 
streets,  houses  and  stores  of  the  most  densely  populated  section  of 
the  city. 

When  the  investigations  at  the  station  were  begun,  the  sewage 
drawn  from  this  sewer  was  of  a  composition  and  strength  quite  dif- 
ferent from  the  sewage  used  at  the  present  time.  There  are  a 
number  of  reasons  for  this  change,  the  most  important  being  the 
use  at  the  present  time  of  day  sewage  only  at  the  station,  and  a 
large  increase  in  the  number  of  house  connections  with  the  sewer. 
Low  rainfall  and  a  smaller  consumption  of  water  per  capita  also  have 
an  influence. 

Table  shmving  Comparison  of  Average  Analyses  of  Sewage  applied  to  Experi- 
mental Filters  at  Different  Periods. 

[Parte  p«r  100,000.] 


Free 

Ammonia. 

Albuminoid  Ammonia. 

c 

S 
u 

-i 

i      *-  J. 
11 

Pekiod. 

a 

• 

3 

s 

i 

Z 

s 

a 

a    i      © 

O         1      s 

a9V0,      ........ 

lov4,      •          ««»•••• 

lo8o~I9V3,     ••••••• 

4.05 
3.43 
2.09 

1.00 
0.63 
0.67 

.28 
.26 
.30 

.72 
.37 
.37 

11.43 
8.07 
6.64 

5.10 
3.86 
3.64 

2,907,000 

1,330,000 

870,000 

Composition  of  Sewage  and  Results  of  Analyses  of  Sewage 

applied  to  Experimental  Filters. 

The  above  table  shows  that  the  sewage  of  1894  was  stronger 
than  the  sewage  of  the  six  preceding  years,  and  that  during  1895 
it  was  still  stronger  than  in  1894.     The  quantity  of  free  ammonia 
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and  the  numbers  of  bacteria  present  have  both  largely  increased, 
the  total  albuminoid  ammonia  is  much  greater  than  heretofore,  while 
the  quantity  of  insoluble  albuminoid  ammonia  is  nearly  double  that 
of  any  previous  year.  Analyses  of  samples  of  sewage  collected 
directly  from  the  Lawrence  Street  sewer,  at  the  point  where  the 
pipe  from  the  sewer  to  the  station  begins,  have  been  made  each 
week  during  the  year.  These  samples  have  been  collected  almost 
invariably  between  eight  and  nine  o'clock  in  the  morning,  when 
the  strongest  sewage  of  the  day  is  passing  through  the  sewer.  The 
results  of  the  monthly  averages  of  these  analyses  are  given  in  the  next 
table,  and  the  second  table  beyond  shows  the  results  of  the  monthly 
analyses  of  the  regular  station  sewage.  The  greater  quantity  of  free 
ammonia  and  the  lower  quantity  of  oxygen  consumed  in  the  station 
sewage  are  due  to  the  slow  passage  of  the  sewage  through  the  2.5 
inch  pipe  from  the  sewer  to  the  station,  with  the  consequent  bac- 
terial and  chemical  changes.  It  will  also  be  noticed  that  the  sewage 
taken  directly  from  the  Lawrence  Street  sewer  has  invariably  con- 
tained  nitrogen  in  the  form  of  nitrates  and  nitrites  and  also  free 
dissolved  oxygen,  and  that  these  substances  have  disappeared  when 
the  sewage  reaches  the  station.. 


Monthly  Averages  of  Analyses  of  Sewage  from  the  Lawrence  Street  Sewer, 

[Parts  per  100,000.] 


i 

a 
?'* 

2.60 
H 

Free 

Ammonia. 

Albumixoid  Ammonia. 

« 
a 

S 
8 

NlTBOGBV  AS 

•6 

a 

a 
e  * 

M 

O 

li 

1908. 

• 

3 

o 

• 

« 

3 

a 

• 

2 

a 

s 

o 

* 

5 

Bacteria 
Cubic  Cc 
meter. 

January,    . 

48 

8.03 

1.10 

.63 

.56 

7.71 

.17 

.0115 

7.75 

3,830,000 

February, . 

46 

2.70 

1.02 

.64 

.88 

9.19 

.15 

.0140 

6.10 

1,277,000 

March, 

46 

2.87 

1.02 

.68 

.84 

12.66 

.25 

.0220 

6.84 

1,328,000 

April, 

46 

2.50 

1.07 

.62 

.45 

10.66 

.26 

.0185 

8.90 

1,687,000 

May,  . 

56 

2.87 

.99 

.54 

.45 

21.78 

.25 

.0342 

5.16 

3,836,000 

June, . 

63 

8.28 

.98 

.45 

.48 

16.92 

.09 

.0175 

6.45 

3,712,000 

July,  . 

67 

8.73 

.94 

.47 

.47 

17.67 

.14 

.0108 

5.98 

2,410,000 

Aagnat,     . 

71 

1.78 

.78 

.89 

.34 

9.78 

.09 

.0000 

5.95 

3,870,000 

September, 

72 

2.10 

.94 

.47 

.47 

11.03 

.18 

.0000 

6.78 

1,938,000 

October,    . 

60 

2.27 

.74 

.47 

.27 

10.18 

.17 

.0350 

6.52 

1,892,000 

November, 

61 

1.01 

.76 

.51 

.25 

7.91 

.19 

.0000 

5.30 

2,217,000 

December, 

53 

2.21 

.86 

.56 

.30 

7.96 

.23 

.0146 

7.72 

8,716,000 

Averaa 

e,    . 

57 

2.64 

.93 

.54 

.43 

!  11.94 

.18 

.0148 

6.54 

2,642,750 
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On  at  least  four  days  in  each  week  a  bottle  of  sewage  has  been 
taken  for  analysis  from  a  large  tank  of  sewage  at  the  station,  and 
this  sewage  is  known  as  the  "  regular"  sewage. 

Monthly  Averages  of  Analyses  of  Regular  Sewage  Samples. 

[Parts  per  100,000.] 


a 

i 

'    Albuminoid  Ammonia. 

• 

6 

i 

B 

a 

S3 
S3 

M 

o 

e-2 

1905. 

3 

o 

• 

« 

3 

a 

o 

00 

* 

a 

Bacteria 
Cubic  Ce 
meter. 

January, 

41 

8.67 

1.21 

.80 

0.91 

9.08 

6.81 

2,664,000 

February,    . 

41 

8.71 

0.09 

.88 

0.66 

11.40 

6.44 

1,678,000 

March, . 

44 

4.08 

0.87 

.88 

0.49 

9.42 

6.82 

1,016,000 

April,  . 

46 

8.82 

0.88 

.80 

0.68 

8.06 

5.44 

2,113,000 

May,     . 

58 

8.71 

0.67 

.22 

0.86 

10.63 

3.40 

2,203,000 

Jane,    • 

69 

4.24 

1.06 

.26 

1.70 

13.07 

3.60 

8,431,000 

July,     . 

60 

4.41 

0.89 

.28 

0.66 

14.37 

5.10 

2,000,000 

August, 

70 

4.81 

1.02 

.28 

0.79 

16.08 

6.63 

3,422,000 

September,  . 

68 

4.68 

1.08 

.26 

0.78 

14.57 

5.44 

3,073,000 

October, 

64 

4.21 

0.87 

.27 

0.60 

10.47 

6.34 

8,087,000 

November,  , 

64 

8.03 

0.76 

.28 

0.47 

0.47 

4.10 

8,144,000 

December, 

48 

4.10 

0.95 

.87 

0.68 

8.83 

6.02 

6,213,000 

Average 

» 

66 

4.05    ! 

1.00 

.28 

0.72 

11.43 

5.10 

2,907,000 

Other  Samples  of  Sewage  collected  for  Analysis. 

In  addition  to  the  sewages  represented  by  the  preceding  tables, 
it  has  been  the  practice  to  collect  other  representative  samples  for 
analysis,  as  follows  :  — 

1.  A  sample  representing  an  average  of  all  the  sewage  pumped 
on  each  Tuesday  of  the  year. 

2.  Samples  representing  an  average  of  all  the  sewage  applied  to 
filters  Nos.  1,  6  and  9  A. 

3.  On  each  Tuesday  of  the  year  a  sample  of  the  supernatant 
liquid,  after  allowing  regular  sewage  to  stand  for  four  hours. 

4.  On  each  Tuesday  of  the  year  a  sample  of  the  supernatant 
liquid,  after  treating  the  regular  sewage  of  the  day  with  sulphate  of 
alumina  in  the  proportion  of  1,000  pounds  per  1,000,000  gallons, 
and  allowing  to  stand  and  settle  for  four  hours. 

5.  On  each  Tuesday  of  the  year  a  sample  of  the  liquid  resulting 
from  straining  regular  sewage  through  a  layer  of  coke  breeze. 
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Monthly  Average*  of  Analyses  of  Average  Sewage  Samples. 
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Monthly  Averages  of  Mixed  Samples,  representing  all  o 
Fillers  Nos.  1,6  and  9  A. 

[Purl*  p«  100,000.] 
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Monllrty  Averages  of  Analyses  of  Supernatant  Liquid  from  Settled  Sewage,  for 

Filler  No.  13  A. 

[Part*  per  100,000.] 


Free 

Ammonia. 

Albuminoid  ammokia. 

• 

« 

1 

i 
a 

a 

M 
O 

3 

«2 

1903. 

-4 

1 

• 

3 

a 

§ 

•J 

3 

a 

1 

fr4 

• 

«3  3  V 

2-3 

tf  'W  S3 

a 

January, 

4.26 

.61 

.41 

.20 

•  .22 

8.86 

4.3 

2.270,000 

February,    . 

4.81 

.64 

.48 

.16 

e.eo 

4.02 

6.0 

1,697,000 

March, . 

4.77 

.70 

.47 

.28 

13.74 

6.05 

2.7 

1,454,000 

April,  . 

4.62 

.66 

.47 

.19 

13.10 

8.70 

1,017,000 

May,     . 

4.23 

.45 

.28 

.17 

12.66 

2.50 

2.4 

1,056,000 

Jane,    • 

4.82 

.46 

.20 

.17 

17.16 

2.85 

1.0 

1,447,000 

July,    . 

4.23 

.80 

.26 

.18 

14.61 

2.92 

4.6 

1,914,000 

August, 

8.01 

.86 

.18 

.18 

12.11 

2.47 

1.8 

1,601,000 

September, . 

4.71 

.46 

.22 

.24 

14.07 

2.42 

3.0 

1,436,000 

Ootober, 

4.98 

.46 

.28 

.18 

12.30 

3.50 

0.0 

2,610,000 

November,  , 

4.08 

.61 

.88 

.18 

10.58 

8.48 

6.3 

2,471,000 

December,  . 

4.81 

.58 

.88 

.20 

7.80 

3.08 

3.8 

3,740,000 

Average 

t       « 

4.47    | 

i 

.62 

.34 

.10 

12.27 

3.40 

3.3 

2,018,000 

Monthly  Averages  of  Analyses  of  Supernatant  Liquid  from  Sewage  treated  with 

Sulphate  of  Alumina,  for  Filler  No.  19. 

[Parts  per  100,000.] 


Free 

Ammonia. 

Albuminoid  Ammonia. 
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January, 

3.77 

.86 

.26 

.10    I 

8.42 

2.20 

1.9 

734,000 

February,    , 

3.40 

.33 

.21 

.12 

10.16 

2.23 

1.0 

245,000 

March, . 

4.68 

.50 

.36 

.14 

12.89 

4.23 

3.9 

496,000 

April,  . 

4.20 

.30 

.27 

.12 

11.10 

2.90 

1,033,000 

May,     . 

•      .  • 

4.02 

.28 

.10 

.00 

10.45 

1.83 

1.6 

1,313,000 

June,    . 

4.63 

.38 

.20 

.18 

12.69 

2.30 

1.8 

1,252,000 

July,    . 

4.23 

.37 

.28 

.u 

14.89 

2.30 

2.8 

1,530,000 

August, 

4.65 

.36 

.21 

.15 

14.21 

2.15 

1.3 

2,222,000 

September, 

5.17 

.42 

.25 

.17 

25.48 
12.80 

2.65 

2.5 

1,583,000 

October, 

4.48 

.33 

.24 

.09 

2.70 

0.7 

1,380,000 

November,  , 

3.05 

.36 

.29 

.07 

10.44 

2.28 

2.8 

836,000 

December, 

4.27 

.40 

.27 

.13 

1      7.32 

2.90 

1.2 

1,135,000 

Average 

>       « 

4.29 

.37 

.25 

■"i 

|     12.57 

1 

2.39 

1.9 

1,147,000 

No.  34.] 


FILTRATION  OF  SEWAGE. 


451 


Monthly  Averages  of  Analyses  of  Sewage  strained  through  Coke,  for  Filter 

No.  14  A. 

[PftrU  par  100,000.]. 


Free 

Ammonia. 

Albuminoid  aiimoma. 
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Bacteria 
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meter. 

January,      

4.21 

.48 

.88 

.15 

8.65 

8.06 

- 

1,344,000 

February, 

4.74 

.68 

.41 

.12 

8.84 

8.40 

6.0 

742,000 

March,  . 

6.54 

.67 

.47 

.20 

12.84 

4.40 

4.6 

1,160,000 

April,    . 

4.40 

.50 

.84 

.16 

11.04 

8.13 

- 

840,000 

May,     . 

4.10 

.84 

.24 

.10 

12.90 

2.27 

2.8 

1,646,000 

Jane,    • 

4.61 

.89 

.22 

.17 

21.60 

2.26 

1.2 

888,000 

July,     . 

4.67 

.89 

.26 

.14 

17.86 

1.90 

8.0 

1,160,000 

August, 

4.48 

.80 

.19 

.11 

14.85 

1.88 

1.6 

998,000 

September, 

6.50 

.42 

.28 

.19 

17.99 

2.65 

8.3 

1,969,000 

October, 

4.85 

.62 

.88 

.19 

18.56 

8.10 

1.0 

1,822,000 

November, 

4.65 

.66 

.84 

.21 

10.45 

8.08 

6.6 

1,883,0C0 

December, 

4.08 

.88 

.26 

.12 

7.62 

2.48 

2.8 

1,564,000 

Average, 

4.62 

.46 

.80 

.16 

13.09 

2.80 

3.3 

1,388,000 

Summarizing  these  results,  we  find  that,  by  allowing  the  sewage 
to  settle  in  barrels  for  four  hours  and  then  drawing  a  sample  for 
analysis  from  a  faucet  half-way  between  the  top  and  bottom  of  the 
barrel,  this  sample  shows  a  removal  of  48.0  per  cent,  of  the  organic 
matter  (total  albuminoid  ammonia)  and  31.0  per  cent,  of  the  bac- 
teria. By  this  same  treatment,  together  with  the  addition  of  sul- 
phate of  alumina,  a  removal  of  63.0  per  cent,  of  the  organic  matter 
and  61.0  per  cent,  of  the  bacteria  has  been  obtained.  By  straining 
sewage  through  a  layer  of  coke,  54.0  per  cent,  of  the  organic  mat- 
ter and  54.0  per  cent,  of  the  bacteria  have  been  removed  from  the 
entire  volume  of  sewage  strained. 
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Comparison  or  the  Strength  of  Station  Sewage. 

Bringing  together  for  comparison  the  average  results  of  analyses 
of  the  several  series  of  samples  of  untreated  sewage,  we  have  :  — 

[Part*  per  100,000.] 


• 

3 
g 

r 

Albuminoid  Ammonia.. 

Chlorine. 

i 

a 

0 

e  • 

®s 

too 

M 

o 

m 

s 

1 
I5 

o 
H 

1895. 

• 

1 

2 

1 

0 

*3 

s 

Regular, 

4.05 

1.00 

.28 

.72 

11.43 

6.10 

4.98 

Average, 

4.16 

0.74 

.83 

.41 

11.97 

4.12 

4.61 

For  Filter  No.  1, 

4.29 

0.74 

.88* 

.41 

11.73 

4.78 

4.78 

For  Filter  No.  6, 

4.06 

0.08 

.30* 

.88 

10.09 

4.00 

4.48 

For  Filter  No.  0  A, 

4.29 

0.78 

.88* 

.40 

9.91 

3.55 

4.71 

*  Estimated. 


Composition  of  Sewage. 

During  1895,  series  of  samples  of  sewage  from  Framingham, 
Marlborough  and  the  Worcester  State  Lunatic  Hospital  have  been 
taken  in  continuation  of  the  studies  of  the  strength  and  composition 
of  the  sewage  applied  to  different  filtration  areas  in  the  State.  All 
chemical  samples  were  treated,  immediately  upon  collection,  with 
mercuric  acetate  in  the  proportion  of  1  part  to  4,000,  to  kill  the 
bacteria  and  prevent  decomposition  between  the  time  of  collection 
and  of  analysis.  A  separate  sample  was  taken  for  the  immediate 
determination  of  the  dissolved  oxygen  present,  and  still  another  set 
of  samples  was  taken,  from  which  plantings  for  the  determination 
of  the  number  of  bacteria  present  were  made.  These  samples  were 
all  taken  during  cooler  weather  in  1895  than  in  1894,  and,  conse- 
quently, the  percentage  of  dissolved  oxygen  present  was  greater. 

It  will  be  noticed  that  all  samples  were  taken  at  a  point  where 
the  sewage  entered  a  settling  basin.  The  special  features  in  regard 
to  the  places  where  samples  were  taken  in  1895  were  given  in  the 
report  for  1894,  but,  for  accurate  understanding,  are  repeated. 

Worcester  State  Lunatic  Hospital.  —  Situated  on  the  outskirts  of 
the  city,  and  not  connected  with  the  city  sewers.  Practically  all  the 
water  entering  the  sewer  passes  through  a  meter  on  the  city  service 
pipes.    The  number  of  inhabitants  on  the  day  when  the  series  was 
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taken  was  980.  The  samples  were  collected,  as  in  1894,  at  a  man- 
hole several  hundred  feet  from  the  buildings,  and  just  above  the 
settling  tank  through  which  the  sewage  passes  on  its  way  to  the 
irrigating  field.  The  high  temperature  of  the  sewage  is  due  to 
the  fact  that  a  considerable  portion  of  the  water  supply  is  used  for 
laundry  purposes  six  days  in  the  week.  The  sewage  is  very  fresh 
at  (he  point  of  collection  of  samples ;  that  is  to  say,  the  mixture  of 
organic  pollutions  and  water  has  very  recently  taken  place,  and, 
owing  to  this  fact,  the  sewage  uniformly  contains  nitrogen  in  the 
form  of  nitrates  and  nitrites,  and  the  proportion  of  free  ammonia  to 
organic  nitrogen  is  very  low.  In  fact,  the  sewage  is  so  fresh  that 
good  and  representative  samples  are  collected  with  difficulty,  as  the 
floating  matters  are  not  well  broken  up  before  reaching  the  point 
of  collection.  The  measurements  of  the  flow  of  sewage  were  taken 
from  the  meter  readings  giving  the  volume  of  water  used. 

Marlborough.  —  The  sewerage  system  of  this  city  is  of  the  so- 
called  separate  type ;  but,  as  there  are  no  underdrains  beneath  the 
sewers,  a  considerable  volume  of  ground  water  enters  them.  The 
length  of  the  outfall  sewer,  from  the  last  lateral  to  the  point  where 
it  discharges  into  the  settling  tank  at  the  filter  field,  is  about  four 
miles. 

The  following  series  of  samples  was  taken  October  30,  at  the 
man-hole  just  as  the  sewage  enters  the  settling  tank.  Measure- 
ments of  the  rate  of  flow  were  made  by  noting  the  length  of  time 
taken  to  fill  one  of  the  compartments  of  this  tank.  Free  oxygen 
was  present  in  the  sewage  during  the  entire  twenty-four  hours. 

Framingham. — The  sewerage  system  is  arranged  with  under- 
drains beneath  the  principal  sewers  to  carry  off  the  ground  water. 
The  series  was  collected  October  30,  at  the  point  where  the  sewage 
enters  the  collecting  basin,  about  one  mile  from  the  village.  Free 
oxygen  was  present  in  the  sewage  during  the  entire  twenty-four 
hours. 

In  regard  to  the  tables  given,  it  may  be  said  that  the  samples 
analyzed  were  made  up  of  equal  portions  of  sewage  taken  at  the 
hours  enclosed  by  brackets.  The  average  analysis  given  in  each 
case  is  a  simple  average  of  the  determinations  given,  and  is  not,  of 
course,  an  exact  representative  analysis  of  the  sewage  of  the  day. 

It  is  proposed  during  the  coming  year  to  take  more  frequent 
samples  in  each  series,  and  that  these  samples  shall  be  in  some 
measure  proportional  to  the  rate  of  flow  of  the  sewage. 
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Table  shotting  Comparison  of  Relative  Amounts  of  Different  Substances  in 
Representative  Sewage  from  the  Several  Places  Aforesaid. 

Nitrogen  as  Albuminoid  Ammonia  (Wanklyn),  with  Organic  Nitrogen  (Kjeldahl). 
[Part*  p«r  1uo,«oo.] 


Nitrogen  as  Free  Ammonia,  with  Total  Nitrogen  (Kjeldahl). 


Oxygen  consumed,  determined  after  boiling  Two  Minutes  and  Five  Minutes. 


Total  Nitrogen  (Kjeldahl),  with  Oxygen  consumed  after  Two  Minutes. 


Total  nitrogen  (Kjeldahl), 

4.10 

B.4T 

3.19 

S.M 

4. SO 

OxJTfan  ooninmed  after  (no  mlonlee, 

S.M 

S.S» 

S.I3 

4.M 

6.M 

Per  cent,  which  former  1"  of  latter, 

78 

146 

111 

IS 

H 

Total  Nitrogen  (Kjeldahl),  with  Chlorine. 

Total  nitroew  (Kjeldahl) ,       .       .       . 

4.10 

1.4T 

l.U 

I.M 

4. as 

s.n 

o.n 

1.01 

B.  19 

O.IT 

Far  eent.  wbleb  formar  !•  of  latter, 

104 

61 

« 

OS 

41 

lotal  Nitrogen  (Kjeldahl),  with  Fats. 


Total nltrofon  (Kjeldahl), 
FaU, 
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This  last  table  shows  the  relative  amounts  of  the  different  sub- 
stances in  the  average  sewage  of  each  place.  The  average  analysis 
of  the  Worcester  Hospital  sewage  agrees  very  closely  with  the  aver- 
age analysis  of  the  1894  series.  The  number  of  inhabitants  of  the 
institution  and  the  total  flow  of  sewage  for  the  day  are  also  nearly 
identical  for  both  years.  With  the  Marlborough  and  Framingham 
sewages  the  amounts  of  these  various  substances  are  less  in  almost 
every  instance  in  1895  than  they  were  in  1894.  This  difference  is 
due  to  the  fact  that  the  total  daily  flow  of  sewage  was  greater  on  the 
day  on  which  the  series  were  taken  in  1895  than  it  was  in  1894. 
That  is  to  say,  the  sewage,  especially  at  Marlborough,  was  diluted 
by  a  much  larger  volume  of  ground  water,  owing  to  recent  rains. 

The  chief  points  of  the  analyses  to  be  noticed  are  that,  as  in 
1894,  the  amount  of  organic  nitrogen  represented  by  the  albuminoid 
ammonia  is  a  comparatively  small  and  variable  per  cent,  of  that 
found  by  the  Kjeldahl  method.  This  percentage  is  lowest  where  the 
sewage  is  freshest  and  the  amount  of  dissolved  oxygen  highest; 
where  the  sewage  is  most  stale,  that  is,  where  it  has  undergone  the 
longest- continued  chemical  and  bacterial  action,  the  percentage  is 
greatest.  The  percentage  which  the  nitrogen,  as  free  ammonia, 
forms  of  the  total  nitrogen,  follows  the  same  general  rule. 


Permanency  of  Sewage  Filters. 

The  permanency  of  a  sewage  filter  depends  upon  the  maintenance 
of  an  equality  between  the  amount  of  organic  matter  applied  to  the 
filter,  and  the  amount  purified  and  removed  in  the  effluent  or  escaping 
into  the  air  in  the  form  of  gas,  plus  the  amount  removed  from  the 
surface  of  the  filter.  If  a  limited  area  for  filtration  purposes  is  a 
necessity,  there  is  of  course  more  or  less  accumulation  of  organic 
matters  upon  the  surface  of  the  filter  or  within  the  upper  few  inches 
of  the  filtering  material. 

If  the  sewage  is  fresh  when  it  flows  upon  the  filter,  the  organic 
matter  in  suspension  will  not  be  finely  divided  and  hence  will  strain 
out,  remain  upon  the  surface  of  the  filter,  and  can  be  removed  with- 
out removing  much  if  any  of  the  filtering  material.  This  removal 
keeps  the  filter  porous,  in  good  condition,  and  the  dry  scum  removed 
decomposes  so  slowly  that  it  does  not  create  a  nuisance.  On  the 
other  hand,  if  the  sewage  is  stale  when  it  flows  upon  the  filtering 
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area ,  and  the  sludge  or  organic  matter  in  suspension  is  finely  divided 
"by  the  comparatively  long-continued  mechanical,  chemical  and  bac- 
terial actions  through  which  it  has  passed,  a  much  larger  percentage 
of  this  organic  matter  will  pass  into  the  interstices  of  the  filtering 
material,  and,  if  removed  in  any  way  except  by  being  changed  into 
the  inorganic  form  and  passing  away  in  the  effluent  or  escaping  into 
the  air  in  the  form  of  nitrogen  and  carbon  gases,  a  considerable  por- 
tion of  the  surface  layers  of  the  filtering  material  will  have  to  be 
removed  also. 

During  the  earlier  years  of  the  investigations  at  this  station  the 
sewage  applied  to  the  filters  was  comparatively  weak,  but  fresh  ;  and 
considerable  trouble  was  experienced,  caused  by  the  clogging  of  the 
surface  of  the  filters  by  the  crude  organic  matters  of  the  sewage  ;  and 
comparatively  poor  purification  was  obtained  at  such  times,  because 
of  the  difficulty  with  which  the  sewage  passed  through  these  clogged 
surfaces,  and  also  because  of  insufficient  aeration  from  the  same 
cause.  During  latter  years  the  sewage  applied  to  the  filters  has 
been  stale,  and,  because  of  this  and  the  consequent  fine  division  of 
the  sludge,  there  has  not  been  so  much  clogging  of  the  surface  as 
formerly,  and  very  little  difficulty  has  been  experienced  in  disposing 
of  the  prescribed  daily  dose  of  sewage.  The  sewage  applied  to  the 
experimental  filters  contained,  on  an  average,  twice  as  much  unoxi- 
dized  nitrogen  during  1895  as  during  most  of  the  earlier  years  (see 
page  446),  and  hence,  although  the  number  of  gallons  per  acre  daily 
applied  to  the  out-door  filters  has  been  largely  reduced  in  some  in- 
stances, the  amount  of  organic  matter  applied  has  not  been  reduced 
much,  if  any.  This  stale  organic  matter  has  apparently  been  worked 
over  to  such  an  extent,  during  its  slow  passage  through  the  pipe  from 
the  sewer  to  the  station,  that  it  is  of  a  nature  more  easily  attacked 
by  the  bacteria  in  the  filter  than  was  the  former  fresh  organic  mat- 
ter. As  a  result  of  this,  there  has  not  been  the  steady  increase  of 
stored  nitrogen  and  fats  in  the  filters  that  formerly  occurred.  The 
amount  of  this  stored  nitrogen  present  fluctuates  according  to  sea- 
sons of  high  or  low  nitrification. 
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Table  showing  the  Amount  of  Nitrogen  stored  in  the  Sand  of  Filters  Nos  1  and  9  A 
at  Different  Periods,  calculated  from  Determinations  of  Albuminoid  Ammonia. 

[Part*  per  100,000  by  weight  of  dry  sand.] 


FiLTsm  No.  1. 

FlLTBB  NO.  9  A. 

Depth  below  Sukpacb. 
(Inches.) 

Jan., 
1894. 

Oct, 
1894. 

Oct, 
1890. 

March, 
180*. 

Jan., 
1894. 

Not., 
18*4. 

Oct, 
1888. 

I«.    .       . 
•,    •       ■ 
12,    .       , 
18,    . 
24,    .        . 
86,    . 
48,    . 
60,    . 

17.6 

17.7 

21.6 

21.0 

17.2 

6.0 

4.8 

8.0 

11.6 

18.0 

16.0 

18.8 

11.8 

4.0 

2.6 

1.8 

37.6 
24.4 
13.2 
8.6 
6.6 
3.6 
3.0 
2.0 

27.6 

20.0 

16.0 

10.0 

8.0 

6.0 

8.8 

3.4 

88.1 
16.6 
11.8 
8.3 
3.8 
2.6 
2.6 
1.8 

28.5 
22.0 
11.6 
8.0 
6.0 
4.0 
3.0 
1.8 

47.2 
0.2 
7.6 
6.0 
8.6 
2.4 
2.4 
2.4 

Id  this  table  the  amount  of  nitrogen  in  the  upper  six  inches  of 
filtering  material  is  not  given,  as  the  method  of  spading  over  the 
surface  of  the  filters  to  this  depth  at  least  twice  each  year  makes 
accurate  and  representative  determinations  difficult  to  obtain ;  but 
the  analyses  made  of  the  sand  of  this  portion  of  the  filters  indicated 
that  there  was  a  smaller  amount  of  stored  nitrogen  in  the  upper  six 
inches  of  Filter  No.  1  in  October,  1895,  than  in  October,  1894,  and 
that  the  stored  nitrogen  in  the  upper  six  inches  of  Filter  No.  9  A  had 
increased  but  little,  if  any. 

There  has  been  no  removal  of  clogged  sand  from  any  of  the  large 
outdoor  filters  at  the  station  since  1893  (see  pages  413  and  414  of 
report  of  1893),  and  the  weekly  rakings  to  the  depth  of  one  inch, 
together  with  the  spading  over  of  the  surface  spring  and  fall,  keep 
the  filters  in  such  condition  that  little  difficulty  is  experienced  from 
the  inability  of  the  applied  sewage  to  pass  below  the  surface  of  the 
filter. 

The  actual  number  of  gallons  of  sewage  applied  to  the  large 
filters,  one  two-hundredth  of  an  acre  in  area,  from  their  date  of 
construction  up  to  Jan.  1,  1896,  is  given  in  the  following  table :  — 


Filtkb  Number. 

Date  when  Sewage  was  First 
Applied. 

Actual  Number 

of  Gallons 

Applied. 

Gallons  per 
Acre. 

1 

2. 

4 

1 

o,    ........ 

0A, 

Jan.  10,  1888 

Dec.  10,  1887 

Dec.  10, 1887 

Sept.  14, 1801,    .... 
Jan.  12,  1888,    .... 
Nov.  18, 1800 

1,077,000 
400,300 
362,400 
606,400 
664,000 
663,700 

215,400,000 
00,860,000 
72,480,000 
121,080,000 
132,800,000 
182,740,000 

No.  34.]  FILTRATION  OF  SEWAGE.  461 


Resting. 

With  the  idea  of  securing  the  removal  of  nitrogen  from  the  sur- 
face layers  of  the  large  outdoor  filters,  they  were  allowed  to  rest 
during  a  large  portion  of  the  months  of  October  and  November, 
1894.  The  weather  was  very  cold  for  these  months,  and  this  pro- 
longed resting  resulted  in  destroying  active  nitrification  in  these 
filters,  and  as  a  result  the  purification  obtained  by  them  during  the 
ensuing  winter  was  very  poor.  Profiting  by  this  experience,  the 
filters  were  allowed  to  rest  for  short  periods  only,  and  during  warmer 
weather  in  October  and  November,  1895. 

It  is  very  doubtful  if  any  resting,  except  during  warm  weather, 
when  nitrification  is  active,  is  effective  in  removing  nitrogen,  but  it 
gives  the  filter  a  chance  to  drain  and  the  top  layers  of  material  to 
dry. 

Effect  of  Winter  Weather. 

The  first  effect  of  winter  weather  is  the  diminution  of  the  activity 
of  the  nitrifying  organism.  This  causes  the  nitrates  of  the  effluent 
to  become  low  and  increases  the  quantity  of  free  and  albuminoid 
ammonia.  If  the  sewage  applied  to  the  filters  does  not  contain  an 
excessive  amount  of  sludge,  or  organic  matters  in  suspension,  it  can 
be  applied  in  such  volume  as  to  keep  the  filter  comparatively  free 
from  frost;  when  sludge  is  present  in  large  quantity,  however,  a 
large  volume  of  sewage  will  tend  to  clog  the  surface  of  the  filter  by 
the  deposition  of  this  sludge  upon  the  surface.  With  the  con- 
centrated sewage  now  pumped  at  the  station,  a  sewage  much 
stronger  than  the  average  of  the  twenty-four  hours'  flow  in  the  Law- 
rence Street  sewer,  this  difficulty  is  quite  a  factor  in  the  management 
of  the  filters.  Where  settling  basins  and  sludge  beds  are  in  opera- 
tion this  difficulty  can  be,  in  a  measure,  overcome. 

Average  Purification  of  Sewage  by  the  Several  Filters  in 

1895. 

The  following  table  gives  the  average  results  obtained  by  the 
several  filters  during  1895.  The  qualitative  efficiency  of  the  filters 
is  shown  by  the  percentage  removal  of  organic  matter  of  the  applied 
sewage,  as  indicated  by  the  albuminoid  ammonia  and  oxygen  con- 
sumed :  — 
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Removal  op  Sludge  from  the  Sewage. 

As  the  experiments  have  continued  with  the  consequent  accumu- 
lation of  data  concerning  the  strength  and  composition  of  sewage,  it 
has  become  evident  that  the  sewage  pumped  at  the  station  and 
applied  to  the  experimental  filters  has  been  stronger  during  1895 
than  the  average  sewage  flowing  through  the  Lawrence  Street  sewer, 
and  stronger  than  any  sewage  treated  at  the  filtration  areas  at  dif- 
ferent places  in  the  State.  As  a  matter  of  fact,  the  sludge  is  gener- 
ally settled  out  to  a  considerable  extent  at  the  filtration  areas,  and 
applied  to  separate  beds.  This  method  has  its  advantages,  as  it 
concentrates  the  sludge,  and  keeps  a  large  amount  of  clogging  mate- 
rial from  flowing  upon  the  regular  filtration  beds.  This  is  especially 
advantageous  in  winter,  as  has  been  mentioned  before.  Its  dis- 
advantages are,  that  the  sludge,  so  concentrated,  is  much  more 
offensive  than  when  allowed  to  flow  upon  the  filtration  areas  as 
rapidly  as  possible,  and  become  exposed  in  thin  layers  to  the  air. 
In  cold  weather,  however,  the  accumulation  of  sludge  is  less  offen- 
sive than  in  warm  weather.  Studies  of  different  methods  of  re- 
moving sludge  from  sewage  have  been  continued  throughout  the 
year,  as  follows  :  — 

1.  Rapid  filtration  through  coarse  gravel,  with  the  aid  of  a  cur- 
rent of  air  drawn  down  through  the  gravel. 

2.  Rapid  filtration  through  coarse  gravel,  with  the  aid  of  a  cur- 
rent of  air  forced  up  through  the  gravel. 

3.  Rapid  filtration  through  medium  coarse  coke,  with  a  current 
of  air  forced  up  through  the  coke. 

4.  Sedimentation. 

5.  Chemical  precipitation. 

6.  Straining  through  coke. 

The  percentage  removal  of  organic  matter,  as  indicated  by  the 
albuminoid  ammonia  and  the  oxygen  consumed,  and  of  the  bacteria, 
is  shown  by  the  following  table :  — 
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Tablr.  showing  Purification  of  Sewage  by  Different  Methods  of  removing  Sludge. 


Comparison  of  the  Several  Methods. 
The  first  method  mentioned  has  been  under  investigation  at  the 
station  for  several  years,  and  has  been  exhaustively  discussed  in  the 
reports  of  the  Board.  It  is  a  scientific  success,  and  perhaps,  under 
favorable  conditions,  could  be  used  practically.  The  method  of 
aerating  the  titters  at  the  station  is  exceedingly  costly,  as  compared 
with  the  results  secured.  The  aspirators  attached  to  filters  Nos,  15 
and  16  are  operated  with  the  entire  head  or  pressure  of  the  city 
water  supply,  and  will,  when  attached  to  a  tube  of  mercury,  draw 
the  mercury  to  a  height  that  shows  their  power  to  produce  very 
nearly  a  vacuum.  This  gives  a  power  sufficient  to  draw  air  through 
the  filters  of  coarse  gravel,  even  when  they  are  very  badly  clogged 
with  organic  matter.  These  two  filters  have  received  sewage  at  an 
average  rate  of  about  450,060  gallons  per  acre  daily,  and  have 
removed  from  it  the  very  large  percentage  of  organic  matter  shown 
by  the  table.  This  organic  matter  has  been  largely  oxidized  or 
burned  up,  but  not  by  any  means  completely,  over  20  per  cent,  of 
that  applied  during  1895  being  stored  in  each  filter.  This  storage 
of  organic  matter  causes  sooner  or  later  such  a  clogging  of  the  filter 
and  poor  purification  that  it  must  be  removed,  or  the  life  of  the 
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filter  is  ended.  Eemoval  by  continuous  aeration  without  applica- 
tion of  sewage  to  the  filter  is  a  slow  and  incomplete  method,  and, 
if  the  gravel  be  removed  and  washed,  the  labor  is  considerable  and 
the  volume  of  water  used  very  large. 


Forcing  Air  up  through  the  Filter. 

On  Feb.  1,  1895,  an  experiment  was  begun  to  test  the  value, 
estimated  by  percentage  removal  of  sludge,  of  filtering  sewage 
through  some  coarse  media  at  high  rates,  aided  by  a  current  of  air 
forced  up  through  the  filtering  material. 

For  this  purpose  two  filters  of  equal  size  were  constructed,  one 
containing  60  inches  in  depth  of  coarse  gravel  of  an  effective  size  of 
5.30  millimeters,  and  the  other  with  the  same  depth  of  coke  breeze, 
from  which  the  finer  particles  had  been  removed.  The  outlets  of  these 
filters  were  trapped,  and  down  through  the  centre  of  each  a  pipe  was 
passed,  reaching  to  within  6  inches  of  the  bottom  of  the  filter.  To 
these  pipes  a  fan  blower  was  attached,  driven  by  electric  power,  the 
idea  being  to  carry  the  air  to  the  under-drains  of  each  filter,  where  it 
would  pass  out  into  the  under-drains  and  be  forced  up  through  the 
interstices  of  the  filtering  material.  These  filters  have  received  sew- 
age at  an  average  rate,  during  their  period  of  operation,  of  608,000 
gallons  per  acre  daily.  The  blowing  apparatus  used  created  a  cur- 
rent of  air  that  was  capable,  under  the  most  favorable  circumstances 
and  with  the  fan  making  3,600  revolutions  per  minute,  of  holding  up 
a  column  of  mercury  nearly  3  inches.  With  the  connections  and 
elbow  joints  necessary  to  carry  the  air  to  the  point  desired,  the  force 
of  the  current  was  reduced  to  one-third  of  this.  During  the  period 
of  operation  of  these  filters  this  current  of  air  was  never  strong 
enough  to  move  pieces  of  paper  laid  upon  the  surface  of  the  filters, 
and  was  only  occasionally  strong  enough  to  be  felt  by  placing  the 
hand  upon  the  surface.  When  the  surface  became  badly  clogged, 
the  force  of  the  current  generated  by  the  open-sided  blower  was 
apparently  only  strong  enough  to  keep  a  steady  pressure  of  air 
against  the  under  side  of  the  clogged  surface  layers  of  the  filter, 
and  there  was  a  constant  current  of  air  from  the  open  sides  of  the 
blower.  The  filters  used  in  this  experiment  were  numbered  51 
and  52. 

Filter  No.  51.  —  This  filter,  one  three-thousandth  of  an  acre  in 
area,  contained  60  inches  in  depth  of  gravel  of  an  effective  size  of 
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5.30  millimeters.  It  received  sewage  during  the  period  of  its  oper- 
ation at  an  average  rate  of  608,400  gallons  per  acre  daily,  and  its 
effluent  contained  on  an  average  37  per  cent,  of  the  organic  matter 
of  the  applied  sewage,  as  shown  by  the  albuminoid  ammonia  deter- 
minations, and  23  per  cent.,  as  shown  by  the  determinations  of 
oxygen  consumed.  Two  and  eighty-one  one-hundredths  pounds  of 
organic  nitrogen  were  applied  to  the  filter,  1.15  pounds  of  organic 
nitrogen  passed  away  in  the  effluent,  and  0.27  of  a  pound  remained 
stored  in  the  filter  at  the  close  of  the  experiment.  (For  details  of 
operation,  see  page  491.) 

Filter  JVb.  52. — This  filter  was  of  the  same  depth  and  area  as 
Filter  No.  51,  but  contained,  instead  of  gravel,  coke  breeze  from 
which  the  finer  particles  had  been  removed.  It  wafc  operated  in  the 
same  manner  as  Filter  No.  51,  and  received  during  its  period  of 
operation  the  same  volume  of  sewage.  It  was  a  more  efficient  filter 
in  removing  organic  nitrogen  from  the  applied  sewage  than  Filter 
No.  51,  but  this  nitrogen  was  stored  in  the  filter,  as  shown  by  the 
fact  that  nitrification  was  lower  than  in  Filter  No.  51.  This  removal 
of  sludge  from  the  applied  sewage  was  aided  by  the  exceedingly 
rough  surfaces  of  the  pieces  of  coke. 

Disposal  of  Effluents  of  Filters  Nos.  51  and  52.  —  The  effluents 
of  filters  Nos.  51  and  52  were,  for  the  comparison  of  results  obtained, 
each  divided  into  three  portions,  and  applied  equally  to  filters  of 
equal  depth  and  area,  but  containing  different  filtering  materials; 
that  is,  the  effluent  of  Filter  No.  51  was  applied  to  Filter  No.  53, 
one  twenty-thousandth  of  an  acre  in  area  and  containing  60  inches 
in  depth  of  sand  of  an  effective  size  of  0.19  millimeter;  to  Filter 
No.  55,  of  the  same  area  and  depth,  but  containing  sand  of  an 
effective  size  of  0.40  millimeter;  and  to  Filter  No.  57,  containing 
60  inches  in  depth  of  coke  breeze.  The  effluent  of  Filter  No.  52 
was  applied  to  three  similar  filters,  —  filters  Nos.  54,  56  and  58. 

The  results  obtained  by  this  double  filtration  were  not  as  good  as 
the  results  obtained  by  the  filters  15  B,  16  B,  12  A  combination,  as 
shown  by  the  next  table,  owing  to  the  comparatively  poor  purification 
obtained  in  filters  Nos.  51  and  52.  There  was  no  appreciable  differ- 
ence in  the  operation  of  these  filters,  and  the  qualitative  results 
obtained  were  very  similar,  as  shown  by  the  table. 

The  amount  of  nitrogen  stored  in  the  sand  filters  at  the  close  of 
the  experiment,  calculated  from  albuminoid  ammonia  determina- 
tions, was  as  follows  :  — 
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[Part*  per  100,000  by  weight  of  dry  sand.] 


Depth  below  Subpack  (Inchk*). 


Filter  No.  68. 

Effective  Size, 
0.19. 


filter  No  6ft. 

Effective  Size, 
0.40. 


Filter  No.  64. 

Effective  Size, 
0.19. 


Filter  No.  66. 

Effective  81ze, 
0.40. 


0-0, 

». 

12. 
18, 
24, 
86, 
48, 
«0, 


72.7 
14.9 
0.2 
6.9 
6.1 
8.6 
8.1 
2.0 


68.4 
20.7 
12.0 
7.4 
4.9 
4.0 
4.8 
4.8 


76.1 
24.4 
10.8 
9.8 
4.9 
6.0 
2.6 
2.0 


68.9 
17.9 
13.9 
8.6 
6.6 
8.9 
8.4 
8.1 


Sedimentation. 

At  many  sewage  disposal  areas  the  sewage  is  allowed  to  pass 
through  settling  tanks,  in  order  that  as  large  an  amount  of  the 
sludge  as  possible  may  settle  out ;  the  supernatant  liquor  then  flows 
to  the  disposal  areas  and  the  sludge  to  specially  prepared  sludge, 
beds.  The  amount  of  sludge  removed  by  this  method  varies  with 
the  character  and  strength  of  the  sewage. 

During  1892  the  continuous  experiment  at  the  station  showed  a 
removal  of  18  per  cent.,  and  during  1895  of  48  per  cent.,  of  sludge, 
as  indicated  by  the  total  albuminoid  ammonia.  The  sewage  of  the 
latter  year  contained  much  more  sludge  than  the  sewage  of  the  for- 
mer year.  A  larger  percentage  of  the  sludge  can  generally  be 
removed  from  fresh  sewage  than  from  stale  sewage  in  which  the 
sludge  is  more  finely  divided.  (For  results  upon  the  removal  of 
sludge,  see  pages  450  and  451.) 


Chemical  Precipitation. 

The  percentage  removal  of  sludge  by  means  of  the  addition  of 
chemicals  to  the  sewage,  and  subsequent  sedimentation,  depends 
upon  the  same  factors  as  in  the  removal  of  sludge  by  sedimentation 
alone.  In  both  cases  the  result  is  a  concentration  of  the  sludge  in  a 
smaller  body  of  liquid.  This  resulting  concentrated  sewage,  in  vol- 
ume generally  at  least  one-fourth  the  original  volume,  remains  to  be 
disposed  of.  (For  results  upon  chemical  precipitation,  see  pages 
450  and  451.) 
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Straining  through  Coke. 

By  straining  sewage  through  coke  we  have  removed,  during  1895, 
54  per  cent,  of  the  sludge  (total  albuminoid  ammonia)  of  the  sewage. 
The  sewage  has  been  strained  at  an  average  rate  of  1,000,000  gallons 
per  acre  daily,  and  the  coke  strainer  has  contained  from  6  to  8  inches 
in  depth  of  coke.  The  coke  used  is  known  as  breeze,  and  is  the 
screenings  from  commercial  coke.  At  the  Lawrence  gas  house, 
where  it  is  obtained,  it  is  used  under  the  boilers,  and  called  worth 
one-fourth  as  much  as  the  steam  coal  or  from  $1.00  to  $1.25  per 
ton ;  the  amount  used  has  been  equal  to  10  cubic  yards  per  1,000,000 
gallons  of  sewage  strained,  and,  as  a  ton  of  coke  contains  about 
2.3  cubic  yards,  the  sewage  has  been  purified,  to  the  extent  given, 
at  a  cost  for  coke  of  $5.43  per  1,000,000  gallons  of  sewage  strained, 
calling  the  coke  worth  $1.25  per  ton. 

By  this  method  of  straining  we  remove  the  sludge  from  the  entire 
body  of  liquid,  and  get  rid  of  the  concentrated  sludge  liquor  which 
is  a  result  of  sedimentation  and  chemical  precipitation  ;  and  it  seems 
probable  that  the  coke  is  as  valuable  for  combustion  after  use  in  the 
strainer  as  before. 

The  following  table  shows  the  qualitative  and  quantitative  purifi- 
cation obtained  by  these  different  methods  for  removing  sludge, 
followed  by  filtration,  during  1895  :  — 

Table  showing  Total  Purification  of  Sewage  by  Filtration  and  a  Preliminary 

Treatment  to  remove  Sludge. 
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By  rapid  filtering  through  gravel,  aided  by  a  current  of 
air  (Filter  No.  61)  and  filtration  through  sand  or  coke. 

I  65 

.40 

2.4 

667,000! 

.91 

i 
.88  1  68.5 

157 

coke. 

- 

704,000 ! 

1 

.92 

.90  |  77.9 

* 

4  56 

.19 

2.0 

668,000 

.95 

.03  |  68.6 

By  rapid  filtration  through  coke,  aided  by  current  of  air 
(Filter  No.  62)  and  filtration  through  sand  or  coke. 
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Comparison  of  Resulting  Liquids. 

Comparing  the  resulting  liquids  after  the  treatment  of  sewage  by 
these  various  ipethods  of  removing  sludge,  it  is  noticeable  that  the 
organic  matter  in  the  liquids  after  rapid  filtration  combined  with 
aeration  is  of  a  different  character  from  the  organic  matter  in  the 
sewage  resulting  from  the  other  sludge-removing  processes.  That 
is  to  say,  even  when  the  organic  matter,  as  shown  by  the  albuminoid 
ammonia,  is  present  in  quantities  as  great  as  in  the  other  partially 
purified  sewages,  it  has  passed  through  such  chemical  and  biological 
changes  that  it  develops  offensive  odors  very  slowly  on  standing. 


The  Disposal  or   Waste  Liquors   from    Industrial  Works. 

Investigations  upon  the  disposal  of  waste  liquors  from  the  proc- 
esses of  paper  making,  wool  scouring  and  tanning  have  been  begun. 

Paper  Making. 

All  rags  are  cleaned  before  being  made  into  paper  by  being  boiled 
in  a  solution  of  caustic  soda,  caustic  lime,  or  a  mixture  of  soda  ash 
and  lime,  to  free  them  from  grease,  dirt  and  coloring  matters.  The 
resulting  liquor  is  very  highly  polluted  with  organic  matter  and  when 
discharged  into  a  small  body  of  water  may  create  a  nuisance.  On 
September  8,  a  filter  was  started  to  see  if  this  waste  liquor  could  be 
purified  by  filtration  through  sand.  The  liquor  applied  to  the  filter 
is  very  alkaline,  and  the  results  obtained  indicate  that  while  a  con- 
siderable purification  may  be  obtained  by  filtration  through  sand, 
yet  the  organic  matter  present  is  of  a  nature  not  easily  attacked  by 
the  bacteria  in  the  filter  and  the  degree  of  alkalinity  obtained  is 
unfavorable  for  the  growth  of  the  nitrifying  bacillus.  (For  results 
obtained  see  page  501.)  When,  however,  this  liquor  is  diluted  by 
the  large  volume  of  wash  water  used  in  paper  making,  the  resulting 
dirty  water  or  sewage  can  in  most  cases  probably  be  easily  purified 
by  filtration.     The  volume  of  wash  water  is  very  large. 

Wool  Scouring. 

The  condition  of  wool  when  first  obtained  from  the  sheep's  back 
is  such  that  mordanting  and  dyeing  without  removal  of  the  grease, 
dirt,  etc.,  would  be  impossible.     Besides  the  mechanically  held  dirt 
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the  impurities  are  of  a  two-fold  character,  the  "  wool  fat,"  soluble 
in  ether,  and  the  "  wool  perspiration,"  soluble  in  water.  The  two 
are  frequently  included  under  the  name  of  the  "  yolk"  or  "  suint" 
of  the  wool. 

Wool  fat  is  not  a  fat  as  commonly  understood,  that  is,  it  is  not  a 
glycerate.  By  treating  it  with  boiling  alcohol  it  may  be  separated 
into  two  portions,  one  soluble  and  the  other  insoluble  in  this  liquid. 
The  soluble  portion  consists  mainly  of  cholesterine  and  isocholes- 
terine,  together  with  compounds  of  these  bodies  with  organic  acids. 
The  insoluble  portion  consists  mainly  of  cholesterine  and  isocholes- 
terine  with  oleic  and  fatty  acids.  Grease  and  dirt  are  present  on 
the  wool  to  such  an  extent  that  different  wools  lose  from  15  to  75 
per  cent,  by  weight  in  passing  through  the  washing,  scouring  and 
rinsing  processes.  It  is  the  common  method  to  remove  these  impur- 
ities by  solutions  of  alkaline  carbonates  and  soaps.  In  the  centres 
of  the  French  and  Belgian  woollen  industries  the  wool  is  first  washed 
with  water,  the  solution  evaporated,  and  potassium  carbonate  recov- 
ered. This  potassium  carbonate  may  be  present  to  the  amount  of 
4  per  cent,  of  the  weight  of  the  raw  wool.  In  this  country  little  if 
anything  is  done  towards  recovering  the  potash  salts,  the  preliminary 
treatment  with  water  being  generally  dispensed  with.  In  many 
places  abroad  the  waste  scouring  liquors  are  collected  in  stone-lined 
pits  and  neutralized  or  acidified  by  sulphuric  acid,  and  the  fatty  mat- 
ters, which  rise  to  the  surface,  are  collected  in  filter  bags  and  sold. 
This  of  course  causes  a  partial  purification  of  the  liquor,  but  all  the 
dirt  and  a  considerable  portion  of  the  fatty  matter  still  remain  in  it. 
There  are  very  few  places  in  this  country,  however,  where  even 
this  partial  purification  is  undertaken,  the  waste  liquor  in  its  entirety 
being  allowed  to  run  into  and  pollute  the  neighboring  stream.  A 
process  of  wool  cleansing,  growing  in  favor,  is  one  by  which  the 
fatty  matters  are  first  removed  by  naphthalene  or  gasoline  and  the 
remaining  dirt  subsequently  removed  by  the  usual  scouring  process, 
the  fat  removed  by  the  first  process  being  a  valuable  by-product. 

Careful  calculations  have  shown  that  the  volume  of  water  used  in  a 
wool-scouring  plant  is  about  100  gallons  per  pound  of  wool  scoured  ; 
a  small  and  varying  proportion  of  this  volume  being  directly  used 
in  the  scouring  bowls  and  the  remainder  being  used  for  rinsing  the 
wool  after  scouring. 

Beginning  September  8,  the  strong  waste  liquor  from  the  scouring 
process  has  been  applied  to  a  filter  containing  5  feet  in  depth  of  sand 
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of  an  effective  size  of  0.25  millimeter.  The  rate  of  application  has 
been  equal  to  about  17,000  gallons  per  acre  daily,  and  the  results  so 
far  obtained  have  made  clear  that  while  this  liquor  can  be  filtered 
through  sand  and  a  considerable  portion  of  the  organic  matters 
removed,  yet  it  is  with  such  difficulty  and  at  such  low  rates  in  gal- 
lons per  acre  daily  that  a  preliminary  treatment,  to  remove  a  large 
part  of  the  dirt  and  fatty  matters  before  filtration,  is  essential.  Sub- 
sequent filtration  of  the  effluent  of  this  filter  improves  it  little  if  any, 
the  character  of  the  organic  matter  and  the  degree  of  alkalinity  of 
the  original  liquor  and  the  effluent  being  such  that  the  bacteria 
attack  it  very  feebly.  The  numbers  of  bacteria  in  the  liquor  and  in 
the  effluent  are  enormous,  but  the  nitrifying  bacillus  does  not  seem 
to  develop  and  the  organic  impurities  are  apparently  of  such  a  stable 
character  that  decomposition  and  putrefaction  take  place  very  slowly. 

Removal  of  Fats  and  Dirt  before  Filtration. 

As  already  mentioned,  a  certain  portion  of  the  fats  present  in  the 
wool  liquor  can  be  collected  by  the  addition  of  sulphuric  acid  to  the 
liquor,  but  a  more  complete  removal  of  the  fats  and  dirt  can  be  effected 
by  the  addition  of  calcium  chloride.  This  precipitates  the  fat  as  a 
lime  soap  and  the  precipitate  carries  down  with  it  all  the  dirt  in  sus- 
pension in  the  liquid,  leaving  a  clear  but  highly  colored  solution.  It 
seems  probable,  and  experiments  are  now  under  way  to  test  the  fact, 
that,  by  hot  pressing  this  preoipitate,  enough  fat  may  be  obtained  to 
make  the  process  pay  for  itself.  The  clarified  liquor  is  rich  in  organic 
matters  in  solution  but  they  are  of  the  same  stable  character  as  before 
mentioned  and  pass  through  5  feet  of  sand  with  very  little  change. 

Tannery  Sewage. 

In  connection  with  the  investigations  in  regard  to  the  condition  of 
the  Neponset  River  two  experimental  filters  have  been  operated 
at  Norwood,  Mass.,  to  determine  the  feasibility  of  purifying,  by 
filtration  through  sand,  the  waste  liquors  from  preparing  and  tanning 
hides. 

A  filter  was  constructed  containing  2  feet  in  depth  of  sand,  of  an 
effective  size  of  0.14  millimeter,  over  gravel  under-drains.  It  was 
not  feasible  to  have  at  the  place  desired  a  filter  with  a  greater  depth 
of  sand,  owing  to  the  slope  of  the  land  and  the  necessity  of  having 
the  sewage  run  on  to  the  filter  by  gravity  and  away  from  the  under- 
drains  in  the  sewer  which  carries  the  tannery  sewage  to  the  river. 


472 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


Sewage  was  first  applied  to  this  filter  September  27.  The  sewage 
is  a  mixture  of  the  waste  liquors  from  all  the  processes  carried  on 
in  the  tannery,  and  it  has  been  applied  to  this  shallow  filter  at  an 
average  rate  of  55,000  gallons  per  acre  daily,  and  with  the  results 
given  below. 

Table  showing  Average  Analyses  of  Sewage  applied  to  and  Effluent  from  the  Filler. 

[Parts  per  100,000.] 


Free 
Ammonia. 


Albuminoid 
Ammonia. 


Chlorine. 


Sewage, 
Effluent, 


8.1000 
2.8400 


8.1600 
.0000 


812 
200 


NlTBOOBM  AS 


Nitrates. 


Nitrite*. 


.1000 
1.0500 


.0015 
.0100 


Oxjgen 

Conaomed. 

65.00 
7.60 


The  sewage  is  very  strong  and  offensive,  being  highly  charged 
with  decaying  animal  tissues  and  the  bran  added  to  cause  fermenta- 
tion to  take  place.  It  is  also  highly  colored  by  the  different  aniline 
dyes  used  in  coloring  the  hides,  and  these  coloring  matters,  after  the 
first  few  weeks  of  operation  of  the  filter,  failed  to  be  completely  re- 
moved. The  sewage  applied  to  the  filter  has  been  almost  entirely 
that  resulting  from  the  preparation  of  the  hides,  the  spent  tan  liquor 
forming  but  a  very  small  proportion  of  the  waste  liquors  flowing 
from  the  tannery.  It  need  hardly^  be  said  that  tannic  acid  if 
applied  in  any  quantity  would  be  very  prejudicial  to  decomposition 
and  nitrification  in  the  filter. 


Precipitation  with  Lime. 

In  one  of  the  processes  at  the  tannery  a  large  amount  of  lime  is 
used,  and  in  consequence  of  this,  there  is  an  almost  continuous  stream 
of  lime  water  flowing  into  and  mixing  with  the  remainder  of  the  sew- 
age ;  and  it  is  evident  that,  if  settling  tanks  were  properly  arranged, 
and  the  flow  of  lime  water  regulated,  a  large  percentage  of  the  sludge 
could  be  precipitated  out.  Preliminary  experiments  have  shown  that 
probably  60  per  cent,  of  the  organic  matter  can  be  removed  in  this 
way,  but  the  resulting  supernatant  sewage  is  very  rich  in  organic 
matter  in  solution. 

A  small  filter,  to  which  this  supernatant  sewage  is  applied  at  an 
average  rate  of  120,000  gallons  per  acre  daily,  was  started  toward 
the  end  of  the  year,  and  is  at  the  present  time,  July,  1896,  in  a 
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state  of  active  nitrification  and  giving  a  clear  almost  odorless  effluent. 
These  experiments  have  demonstrated  that  this  sewage  can  be  puri- 
fied by  filtration. 

Work  of  the  Filters  for  1895. 

The  experimental  filters  in  operation  during  1895,  have  included 
all  in  operation  at  the  end  of  1894,  together  with  the  addition  of 
filters  Nos.  51,  52,  53,  54,  55,  56,  57,  58,  59,  60  and  61.  Filters 
1  to  10  inclusive  are  out  of  doors,  and  are  each  one  two-hundredth 
of  an  acre  in  area ;  filters  12  to  61  inclusive  are  within  the  bdildings 
and  are  one  twenty-thousandth  of  an  acre  in  area,  with  the  exception 
of  Filter  No.  59,  which  is  one  ten-thousandth  of  an  acre  in  area,  and 
filters  Nos.  51  and  52,  which  are  one  three-thousandth  of  an  acre  in 

area. 

Filler  No.  1. 

This  filter,  containing  60  inches  in  depth  of  coarse  sand  of  an 
effective  size  of  0.48  millimeter,  was  purifying  sewage  very  poorly 
at  the  beginning  of  the  year,  owing  to  the  destruction  of  nitrifica- 
tion by  too  long  continued  resting  during  the  cold  weather  of 
October  and  November,  1894.  This  poor  purification  continued 
throughout  January  and  February,  and  not  until  the  middle  of 
March  did  the  effluent  begin  to  show  good  oxidation  and  nitrifica- 
tion in  the  filter.  Observations  were  made  daily  during  this  period 
of  the  presence  of  frost,  and  efforts  made  to  re-establish  nitrification 
by  picking  holes  in  the  surface  of  the  filter,  to  allow  the  sewage  to 
pass  more  rapidly  below  the  surface,  and  by  seeking  to  remove  frost 
by  the  application  of  large  doses  of  sewage. 

On  January  25  the  filter  was  covered  with  two  thicknesses  of 
canvas  stretched  over  a  frame,  as  in  previous  years,  and  this  cover 
was  removed  March  13.  On  March  23  the  surface  was  spaded  over 
(corresponding  to  ploughing)  to  a  depth  of  4  inches.  Good  results 
were  obtained  from  the  first  of  April  throughout  the  remainder  of 
the  year.  August  20  the  surface  was  raked  (corresponding  to 
harrowing)  to  a  depth  of  3  inches  and  on  October  22  and  November 
9  it  was  spaded  over  to  a  depth  of  6  inches.  On  November  15  it 
was  covered  for  the  winter  with  canvas  stretched  over  a  frame.  The 
quantity  of  sewage  applied  to  the  filter  was  at  the  rate  of  80,000 
gallons  per  acre  daily  during  the  first  half  of  the  year  and  60,000 
gallons  per  acre  daily  during  the  last  half  of  the  year. 

The  monthly  averages  of  the  weekly  analyses  of  the  effluent  of 
this  filter  are  presented  in  the  next  table. 
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Monthly  Averages  of Analyses  of Effluent  of  Filter  So.  1. 

[Part*  per  100,000] 
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KZtor  JSTo.  2. 
This  filter,  containing  60  inches  in  depth  of  fine  snnd  of  an  effec- 
tive size  of  0.08  millimeter,  trenched  with  medium  fine  snnd  of  an 
effective  size  of  O.lit  millimeter,  had,  at  the  beginning  of  the  year, 
begun  to  feel  the  effects  of  the  prolonged  resting  during  the  cold 
weather  of  October  and  November,  18W4.  The  effluent  of  the  filter 
continued  to  be  of  a  poor  quality  during  January,  February  and 
March,  but  during  April  the  nitrates  were  much  higher,  although 
the  free  ammonia  was  still  high.  From  the  beginning  of  May 
throughout  the  remainder  of  the  year  the  filter  was  in  good  condi- 
tion and  the  effluent  of  u  satisfactory  quality.  During  the  first  two 
months  of  the  year  the  sewage   applied  to  the   filter   disappeared 
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below  the  surface  very  slowly,  and  from  February  8  to  18  the 
trenches  remained  partially  covered  with  sewage  and  none  was 
applied.  The  average  rate  of  application  of  sewage  during  these 
two  months  was  18,000  gallons  per  acre  daily.  During  the  remain- 
der of  the  year  the  approximate  rate  of  application  was  38,000 
gallons  per  acre  daily.  On  March  25  the  sand  of  the  trenches  was 
removed,  the  sides  of  the  trenches  raked,  the  fine  sand  at  the  bot- 
tom of  the  trenches  spaded  over  3  inches  deep  and  the  sand  of  the 
trenches  replaced.  On  September  9  this  operation  was  repeated. 
The  results  for  the  year  are  shown  by  the  monthly  averages  of  the 
weekly  analyses. 

Monthly  Average*  of  Analyses  of  Effluent  of  Filter  No.  2. 
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Filter  No.  4. 
This  filter,  of  fine  river  silt  of  an  effective  size  of  0.04  millimeter 
and  containing  two  trenches  of  coarse  sand  of  an  effective  size  of 
0.48  millimeter,  was  giving  an  effluent  of  a  good  quality  at  the 
beginning  of  the  year,  but  its  surface  was  in  poor  condition  and 
disposed  of  the  applications  of  sewage  with  difficulty,  the  average 


476  STATE   BOARD  OF  HEALTH.         [Pub.  Doc. 

rate  of  filtration  being  only  7,000  gallons  per  acre  daily  for  the  first 
three  months  of  the  year,  and  from  February  6  to  18  inclusive  no 
sewage  was  applied  to  the  filter.  For  the  remainder  of  the  year  the 
average  rate  of  filtration  was  18,300  gallons  per  acre  daily.  The 
nitrates  in  the  effluent  were  the  lowest  during  March  and  April,  but 
the  ammonias  were  also  low.  On  March  27  the  sand  of  the  trenches 
was  removed,  the  sides  of  the  trenches  raked,  the  fine  sand  at  the 
bottom  of  the  trenches  dug  over  to  the  depth  of  3  inches  and  the 
coarse  sand  replaced.  This  treatment  was  repeated  September  7, 
at  which  date  a  small  amount  of  the  dirty  Band  at  the  bottom  of  the 
trenches  was  removed  and  placed  upon  the  surface  of  the  filter. 
The  quality  of  the  effluent  was  quite  satisfactory  throughout  the 
year,  as  shown  by  the  following  table,  giving  the  monthly  averages 
of  the  weekly  analyses :  — 

Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  4. 
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Filter  No.  S. 
This  filter,  of  fine  gravel  stones  of  tin  effective  size  of  1.40  milli- 
meters, took  the  applied  sewage  without  difficulty  at  an  average  rate 
of  76,000  gallons  per  acre  daily  during  the  first  three  months  of  the 
year,  but  the  effluent  was,  until  the  middle  of  March,  of  a  very  poor 
quality,  owing  largely  to  the  destruction  of  nitrification  toward  the 
end  of  1894.  From  the  middle  of  March  until  the  end  of  the  year 
the  effluent  was  of  as  good  a  quality  as  could  be  expected  from  a 
filter  of  this  coarse  materia)  entirely  under-drained  and  only  5  feet 
in  depth.  The  free  ammonia  of  the  effluent  was  high  throughout 
the  year,  a  natural  result  of  the  quick  passage  through  the  filter  of 
sewage  very  high  in  free  ammonia.  The  filter  was  spaded  over  to 
the  depth  of  4  inches  March  4,  raked  3  inches  deep  August  21,  and 
spaded  to  a  depth  of  6  inches  October  22.  The  results  of  the 
monthly  averages  of  the  weekly  analyses  are  given  in  the  following 
table :  — 

Monthly  Average!  of  Analyse*  of  Effluent  of  Filter  No.  5. 

[Put*  per  100,000.] 
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Filter  No.  6. 
This  filter  contains  44  inches  in  depth  of  mixed  coarse  and  fine 
sand  of  an  effective  size  of  0.35  millimeter.  In  common  with  some  of 
the  other  outdoor  filters  it  was  giving  an  effluent  of  a  very  poor  qual- 
ity at  the  beginning  of  the  year,  owing  to  the  destruction  of  nitrifica- 
tion during  the  cold  weather  of  October  and  November,  1894. 
Efforts  were  made  to  re-establish  nitrification  in  the  filter  by  keep- 
ing its  surface  in  auch  a  condition  that  it  would  dispose  of  the 
applied  sewage  freely,  but  nitrification  did  not  become  active  until 
the  warmer  weather  of  March  came  to  its  aid.  From  the  first  part 
of  April  throughout  the  remainder  of  the  year  the  nitrates  of  the 
effluent  were  very  high  and  the  quality  of  the  effluent  exceedingly 
satisfactory,  especially  considering  the  strength  of  the  applied  sew- 
age and  the  shallowness  of  the  filter.  Sewage  was  applied  to  the 
filter  at  an  average  rate  of  59,800  gallons  per  acre  daily  for  the  first 
three  months  of  the  year  and  the  average  rate  of  application  from 
April  1  until  the  end  of  the  year  was  58,500  gallons  per  acre  daily. 
The  surface  of  the  filter  was  spaded  over  4  inches  deep  on  March  23, 
raked  to  a  depth  of  3  inches  August  20  and  spaded  over  to  a  depth 
of  6  inches  October  22.  The  following  table  shows  the  work  of  the 
filter  for  the  year :  — 

Monthly  Averages  of  Analyses  of  Effluent  of  Fitter  No.  6. 
[Pari*  par  100,000.] 
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Filter  No.  9 A. 

This  filter  contains  5  feet  in  depth  of  sand  of  an  effective  size  of 
0.17  millimeter.  At  the  beginning  of  the  year  nitrification  had 
almost  ceased  in  the  filter,  owing  to  the  prolonged  resting  during 
the  latter  part  of  1894.  The  surface  of  the  filter  was  in  fairly  good 
condition  and  the  applied  sewage  passed  below  the  surface  as  readily 
as  is  usual  in  cold  winter  weather.  On  February  1  the  filter  was 
covered  with  canvas  stretched  over  a  frame,  but  nitrification  did 
not  become  re-established  until  warmer  weather  began  in  March. 
Throughout  the  remainder  of  the  year  the  filter  was  in  good  con- 
dition, nitrification  was  active  and  the  effluent  of  a  satisfactory 
quality.  As  the  cold  weather  of  fall  and  early  winter  began,  the 
process  of  nitrification  became  somewhat  less  active  and  the  am- 
monias of  the  effluent  greater,  but  the  physical  condition  of  the  filter 
was  excellent  and  it  was  taking  the  applied  sewage  readily.  The 
character  of  the  effluent  tends  to  show  that  a  filter  of  this  depth, 
entirely  under-drained  and  containing  sand  of  this  grade,  cannot, 
with  the  quantities  of  sewage 'applied,  cause  an  entire  transformation 
of  such  large  quantities  of  nitrogen  as  are  now  present  in  the  sewage, 
in  the  form  of  free  ammonia  and  organic  nitrogen,  into  nitrogen  in  the 
form  of  nitrates,  except  during  those  periods  of  warm  weather  when 
nitrification  is  most  active.  The  filter  was  spaded  over  4  inches  deep 
March  23,  raked  to  a  depth  of  3  inches  August  20,  and  spaded  over 
to  a  depth  of  6  inches  September  7  and  November  8.  The  follow- 
ing table  shows  the  monthly  averages  of  the  weekly  analyses  :  — 
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Monthly  Averages  of  Analyse*  of  Effluent  of  Filter  No.  9  A. 

[P*It*  par  [1)0,000.] 
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down  and  pipe  flushed  oat.  Surface  raked  1  loch  deep  each  work,  eicept  jdco  In  January  and  twice  In 
February.    March  23,  surface  spaded  1  Inchea  deep;  Anguat  EH,  S  Inchea  deep;  September  J,  October 


Filter  No.  10. 
This  filter,  one  two-hundredth  of  an  acre  in  area,  contains  5  feet 
in  depth  of  a  mixed  coarse  and  fine  sand  of  an  effective  size  of  0.35 
millimeter.  No  gravel  or  under-drains  are  beneath  the  sand  except 
directly  above  and  around  the  outlet  pipe.  A  partition  extending  3 
feet  below  the  surface  separates  that  quarter  of  the  surface  farthest 
removed  from  the  under-drains  from  the  remainder  of  the  surface. 
To  this  quarter  of  the  surface  farthest  from  the  under-drains  the 
sewage  is  applied  and,  during  January,  the  rate  of  application  was 
160,000  gallons  per  acre  daily.  The  fitter  had  not  rested  during 
November,  1894,  and  nitrification  was  fairly  active  but  steadily  de- 
creased and  the  free  ammonia  of  the  effluent  was  high.     The  applied 
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sewage  contained  a  large  percentage  of  organic  matter  in  suspension, 
and  this,  together  with  the  extremely  cold  weather  and  the  conse- 
quent depth  of  frost  in  the  filter,  clogged  the  surface  of  the  filter  to 
such  a  degree  that  the  applied  sewage  was  disposed  of  with  diffi- 
culty, and  on  February  1  the  rate  of  application  was  reduced  to 
80,000  gallons  per  acre  daily  and  increased  to  160,000  gallons  per 
acre  daily  April  1.  The  character  of  the  effluent  deteriorated, 
however,  during  February,  but  improved  rapidly  in  March  and 
was  fairly  satisfactory  during  the  remainder  of  the  year.  During 
the  winter  the  sewage  was  applied  to  a  trench  1  foot  in  depth 
and  on  March  23  this  trench  was  filled  and  the  surface  of  the  filter 
levelled.  Later  in  the  spring  it  seemed  probable  that  sub-surface 
clogging  was  taking  place  in  the  filter,  and  the  quarter  of  the  surface 
to  which  sewage  is  applied  was  dug  over  to  the  depth  of  18  inches 
on  May  18.  This  waa  followed  by  greatly  improved  nitrification. 
On  October  22  the  surface  of  the  filter  to  which  sewage  is  applied 
was  spaded  over  to  the  depth  of  6  inches.  The  following  table  gives 
the  results  of  the  monthly  averages  of  the  weekly  analyses :  — 
Monthly  Averages  of  Analyses  of  Effluent  of  Filter  Jfo.  20. 

[Part*  por  100,000.] 
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Filters  Nos.  12  A,  15  B  and  16  B. 

Filter  No.  12  A  contains  60  inches  in  depth  of  sand  of  an  effective 
size  of  0.19  millimeter,  and  filters  Nos.  15  B  and  16  B  contain  65 
inches  in  depth  of  gravel  stones  of  an  effective  size  of  5.40  milli- 
meters. These  three  filters  were  first  put  in  operation  in  July, 
1892,  and  the  effluents  of  filters  Nos.  15  B  and  16  B  have  uniformly 
been  applied  to  Filter  No,  12  A. 

The  actual  rates  of  filtration  in  gallons  per  acre  daily  of  these 
three  filters  during  their  period  of  operation  up  to  Jan.  1,  1896, 
have  been  as  follows  :  — 


ft 

ISM. 

ISftS. 

1S»4. 

19*3. 

200,000 

406,000 

474,000 

449,000 

1 

206,000 

432,000 

463,000 

466,000 

411,000 

745,000 

700,500 

i 

|       641,000 

Average  rate  for  the  combined  area, 

137,000 

248,300 

283,600 

214,000 

Since  the  first  part  of  1893,  filtration  in  filters  Nos.  15  B  and  16  B 
has  been  aided  by  a  current  of  air  drawn  down  through  the  filters. 
It  is  seen  from  the  table  above  that  Filter  No.  12  A  has  not  been 
able  to  take  the  entire  volume  of  effluent  of  the  gravel-stone  filters 
during  the  past  three  years,  and  that  its  quantitative  capacity  has 
gradually  decreased.  Beginning  March  24,  1893,  the  surface  of 
Filter  No.  12  A  was  scraped  on  an  average  once  in  five  days  during 
the  year,  to  relieve  clogging,  and  the  average  depth  of  sand  removed 
at  each  scraping  was  0.24  inch.  The  removed  sand  was  washed  and 
replaced.  From  Jan.  1,  1894,  to  June  19,  1894,  the  surface  of  this 
filter  was  scraped  whenever  necessary,  to  remove  clogging,  and  the 
removed  sand  was  not  replaced. 

The  average  interval  between  scrapings  up  to  June  19  was  seven- 
teen days,  and  the  average  depth  scraped  was  0.17  of  an  inch,  equiv- 
alent to  12  cubic  yards  of  material  removed  per  1,000,000  gallons 
of  partially  purified  sewage  filtered.  From  this  date  until  the  end 
of  1894  the  surface  was  raked  to  a  depth  of  3  inches  twice  each 
week  and  spaded  over  6  inches  deep  September  6  and  October  27, 
and  8  inches  deep  on  November  21.  The  filter  was  in  good  con- 
dition at  the  beginning  of  1895  and  the  same  method  of  treatment 
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was  continued,  the  surface  being  raked  to  a  depth  of  3  inches  twice 
each  week  during  the  year  and  spaded  over  to  a  depth  of  6  inches 
March  15,  May  25,  July  17  and  August  3.  Towards  the  end  of 
September  the  filter  began  to  be  badly  clogged,  and  was  spaded  over 
to  a  depth  of  6  inches  six  times  between  September  21  and  Novem- 
ber 1,  and  to  a  depth  of  8  inches  seven  times  between  November  1 
and  December  12.  The  quantitative  capacity  of  the  filter  steadily 
decreased  however,  and  on  December  7  the  surface  sand  to  a 
depth  of  7  inches  was  removed,  washed  and  replaced.  This  sand, 
before  washing,  contained  76.10  parts  of  nitrogen  by  weight  in 
100,000  parts  of  dry  sand,  and  after  washing,  7.90  parts.  Follow- 
ing this  treatment  the  applied  sewage  was  disposed  of  more  readily. 
It  seems  probable  that  though  the  organic  matters  stored  in  the  sand 
are  not  present  in  large  quantities,  they  are  of  a  fatty  nature  not 
easily  acted  upon  bacterially ;  are,  in  fact,  the  organic  matters  that 
have  been  partially  worked  over  while  passing  through  the  gravel 
filters  and  the  more  easily  attacked  portion  removed.  The  effluent 
of  Filter  No.  12  A  has  been  of  most  excellent  quality  throughout  the 
year. 

Filters  Nos.  15  B  and  16  B  have  received  sewage  during  their 
period  of  operation  at  the  rate  in  gallons  per  acre  daily  given  in  the 
preceding  table.  From  the  time  the  aspirators  were  attached  to  the 
filters  until  Sept.  1,  1894,  a  current  of  air  was  constantly  drawn 
down  through  the  filters  at  the  rate  of  about  one  gallon  in  every  four 
minutes.  At  this  date  the  method  of  aeration  was  changed,  so  that 
the  filters  were  aferated  onlv  at  night  for  twelve  or  sixteen  hours. 
Better  results  followed  this  method  of  aeration,  and  the  volume  of 
air  supplied  was  sufficient,  as  shown  by  examination  of  the  effluents 
for  dissolved  oxygen,  it  being  almost  uniformly  present.  The  sur- 
faces of  these  two  filters  were  not  disturbed  until  July,  1893,  a  year 
after  they  were  first  put  in  operation,  but  since  that  date  they  have 
been  raked  and  spaded  over  very  often.  During  1895  they  have 
been  raked  over  once  each  week  to  a  depth  of  3  inches  and  spaded 
over  6  or  8  inches  deep  when  the  condition  of  the  surface  required 
it.  There  has  been  an  accumulation  of  organic  matter  in  the  filters 
each  year,  and  to  such  an  extent  that,  in  order  to  continue  them  in 
service,  Filter  No.  15  B  had  to  be  flushed  out  twice  during  1894  by 
applying  city  water  under  pressure  for  six  hours  to  the  outlet  pipe, 
the  wash  water  flowing  away  over  the  top  of  the  filter.  Filter  No. 
16  B  was  given  a  similar  flushing  out  during  1894,  and  later  the 
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filtering  material  was  entirely  removed  and  replaced  after  washing. 
February  1,  1895,  the  entire  filtering  material  of  Filter  No.  15  B 
was  removed,  washed  nnd  replaced,  and  alter  the  high  water  of  the 
Merrimack  River  in  April,  the  upper  6  inches  of  gravel  in  both 
filters  was  removed  and  washed,  to  free  it  from  river  silt.  The 
aspirator  of  Filter  No.  16  B  has  been  allowed  to  run  from  nine  p.m. 
to  five  a.m.  each  night  during  the  year,  and  that  of  15  B  for  the 
same  hours  until  September  2,  since  when  it  has  been  allowed  to 
run  from  nine  to  eleven  p.m.  Aeration  for  two  hours  has  sufficed 
to  give  a  good  effluent,  but  there  has  undoubtedly  been  a  larger 
percentage  of  organic  matter  stored  iu  the  filter  than  there  would 
have  been  with  longer  continued  aeration  each  day.  In  conclusion 
it  seems  reasonable  to  say  that  the  rate  of  application  of  sewage  and 
the  period  of  aeration  should  be  so  defined  that  flushing  out  tbe 
filters,  or  removing  and  washing  the  filtering  material,  would  seldom 
be  necessary,  as  these  operations  in  themselves  create  a  very  large 
volume  of  sewage  to  be  in  some  manner  disposed  of. 

The  quality  of  the  effluents  of  these  filters  during  1895  ia  shown 
by  the  following  tables :  — 

Monthly  Averages  of  Analyses  of  Effiuenl  of  FtUer  No.  12  A. 

{Part*  per  100,000.] 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  15  B. 
[Peru  per  loo.ooo.] 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  16  B. 

[Perle  per  100,000.] 
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Filter  No.  13 A. 

This  filter  contains  60  inches  in  depth  of  medium  fine  sand  of  an 

effective  size  of  0.19  millimeter,  and  has  received  the  supernatant 

liquid  from  sewage  which  has  been  allowed  to  settle  for  four  hours. 
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The  rate  of  filtration  during  the  greater  part  of  1895  has  been  ap- 
proximately 160,000  gallons  per  acre  daily.  The  filter  was  in  good 
condition  at  the  beginning  of  the  year  and  was  raked  to  a  depth 
of  3  inches  twice  each  week  during  the  year  and  spaded  over  to  a 
depth  of  6  inches  March  1.5,  July  5,  August  24,  September  4  and 
22,  and  October  4,  18  and  28.  During  the  first  eight  months  of  the 
year  nitrification  was  active  in  the  filter  although  the  effluent  con- 
tained free  ammonia  in  considerable  quantity,  but  during  September 
the  nitrates  of  the  effluent  rapidly  decreased  and  the  filter  was 
spaded  over  repeatedly  to  a  depth  of  6  inches,  as  noted  above, 
but  without  appreciable  effect  upon  the  character  of  the  effluent. 
On  October  28  the  gravel  under-drains  of  the  filter  were  flushed  out 
with  city  water  and  a  large  amount  of  iron  which  had  been  deposited 
upon  the  gravel  was  in  this  way  removed.  Following  this  treat- 
ment the  quality  of  the  effluent  rapidly  improved,  and  during 
November  and  December  the  nitrates  were  the  highest  and  the 
ammonias  the  lowest  of  the  year.  It  seems  probable  that  during 
September  and  October  there  was  good  nitrification  within  the  filter 
but  that  the  nitrates  of  the  effluent  were  reduced  to  free  ammonia 
while  passing  through  the  under-drains  of  the  filter.  The  following 
table  gives  the  monthly  averages  of  the  weekly  analyses  :  — ■ 

Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  13  A 
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FUterSTo.  14  A. 
This  filter  contains  60  inches  in  depth  of  medium  fine  sand  of  an 
effective  size  of  0.19  millimeter,  and  has  received  since  June  1, 
1894,  sewage  which  haB  been  strained  through  a  shallow  layer  of 
coke.  This  partially  purified  sewage  has  been  applied  to  the  filter 
at  an  average  rate,  excluding  periods  of  rest,  of  320,000  gallons  per 
acre  daily  during  the  year.  The  surface  of  the  filter  has  been  raked 
to  a  depth  of  3  inches  twice  each  week  daring  the  year  and  spaded 
over  to  a  depth  of  6  inches,  March  15,  August  24  and  October  6. 
The  quality  of  the  effluent  has  been  satisfactory  throughout  the  year 
and  has  invariably  contained  high  nitrates.  The  filter  was  in  ex- 
cellent condition  at  the  end  of  the  year.  The  following  table  gives 
the  monthly  summary  of  the  analyses  made  during  the  year :  — 

Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  24  A. 
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Filter  No.  19. 
This  filter  contains  60  inches  in  depth  of  medium  fine  sand  of  an 
effective  size  of  0.19  millimeter,  and  has  received  the  supernatant 
liquid  from  sewage  which  has  been  allowed  to  settle  four  hoars  after 
treatment  with  sulphate  of  alumina  at  the  rate  of  1,000  pounds  per 
1,000,000  gallons.  The  filter  has  received  this  supernatant  liquid 
since  Jan.  20,  1893,  and  the  rate  of  application  during  1895  has 
been,  excluding  periods  of  rest,  200,000  gallons  per  acre  daily. 
Nitrification  has  been  very  active  in  the  filter  during  the  entire 
year,  as  shown  by  the  high  nitrates  of  the  effluent.  The  albumi- 
noid ammonia  of  the  effluent  was  comparatively  low  during  the 
year,  and  the  comparatively  high  free  ammonia  was  not  caused  by 
any  clogging  of  the  filter  but  was  the  natural  consequence  of  the 
extremely  high  free  ammonia  of  the  applied  sewage.  The  filter 
was  raked  3  inches  deep  each  week  and  spaded  over  6  inches  deep 
October  28. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  19  A. 

[Puns  par  I00,W».] 
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Filter  No.  21  A. 
This  fitter  was  started  March  19,  1894.  A  portion  of  the  filter- 
ing material  was  removed  during  1894,  but  on  April  1,  18115,  the 
filter  was  restored  to  its  original  depth  of  60  inches  of  fine  sifted 
gravel  of  an  effective  size  of  1.60  millimeters.  Since  July  7,  1894, 
it  has  had  a  current  of  air  drawn  downward  through  it,  at  the  rate 
of  about  one  gallon  in  four  minutes,  for  ten  or  twelve  hours  each 
night.  During  1895  this  filter  has  received  sewage  during  its  period 
of  actual  operation  at  the  rate  of  360,000  gallons  per  acre  daily,  ex- 
cept during  June  and  July,  when  the  rate  of  application  was  499,000 
and  427,000  gallone  per  acre  daily,  respectively.  The  filter  became 
badly  clogged  during  February  and  was  allowed  to  rest  from  Feb- 
ruary 18  to  April  1,  with  continual  aeration.  This  treatment  im- 
proved the  condition  of  the  filter  and  restored  nitrification.  In 
August  clogging  again  occurred  and  the  filter  was  allowed  to  rest, 
with  continuous  aeration  from  August  7  to  21  inclusive.  During 
the  remainder  of  the  year  the  filter  was  in  good  condition.  The 
following  table  gives  the  results  of  the  monthly  averages  of  the 
weekly  analyses :  — 

Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No  21  A. 

[Part)  par  100,000.] 
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Filter  No.  22  A. 
This  filter  contained  originally  60  inches  of  fine  coke  breeze  above 
the  usual  under-d rains.  The  rate  of  filtration  during  1895  has  been 
360,000  gallons  per  acre  daily.  On  account  of  clogging  during 
February  the  filter  was  allowed  to  rest  from  February  18  to  April  1. 
The  surface  of  the  filter  was  raked  to  a  depth  of  3  inches  daily  until 
the  period  of  rest  and  to  the  same  depth  twice  each  week  during  the 
remainder  of  the  year.  Up  to  Nov.  14,  1894,  3.5  inches  of  the  sur- 
face coke  had  been  removed,  equivalent  to  8.6  cubic  yards  per 
1,000,000  gallons  of  sewage  filtered.  During  1895  6.1  inches  of 
coke  were  removed  up  to  November  14,  equivalent  to  15  cubic 
yards  per  1,000,000  gallons  of  sewage  filtered.  With  the  exception 
of  the  months  of  January  and  February  nitrification  in  the  filter  was 
active  throughout  the  year.  The  table  of  monthly  averages  of  the 
weekly  analyses  is  presented  below  :  — 


Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  22  A. 

[Pmti  par  100,000.] 
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.  Fillers  No%.  51  and  52. 

Each  of  these  filters  is  one  three-thousandth  of  an  acre  in  area. 
Filter  No.  51  contains  60  inches  in  depth  of  gravel  of  an  effective 
size  of  5.30  millimeters  above  the  usual  under-drains,  and  Filter  No. 
52  contains  60  inches  in  depth  of  coke  breeze,  from  which  the  finer 
particles  have  been  removed,  above  the  usual  under-drains.  The 
outlets  of  these  two  filters  have  been  trapped  and  they  have  been 
agrated  by  means  of  a  fan  blower  driven  by  electric  power,  as  pre- 
viously described.  Beginning  February  1,  each  of  these  filters 
received  sewage  at  the  rate  of  500,000  gallons  per  acre  daily,  applied 
in  six  doses  between  6  a.m.  and  noon.  This  rate  of  filtration  and 
method  of  application  continued  until  May  2,  when  the  method  of 
application  was  changed  so  that  twice  this  volume  of  sewage  was 
applied  in  twelve  doses  between  7  a.m.  and  11  p.m.,  giving  a  rate 
of  1,000,000  gallons  per  acre  daily.  This  continued  until  June  21. 
From  June  21  to  June  25  inclusive  the  filters  were  allowed  to  rest, 
and  on  June  26  they  were  started  again,  but  the  rate  of  application 
of  sewage  was  reduced  to  500,000  gallons  per  acre  daily,  applied  in 
six  doses  between  7  a.m.  and  10  p.m.  This  continued  until  June 
29,  when  the  same  quantity  of  sewage  was  applied  in  twelve  doses 
between  7  a.m.  and  11.30  p.m.  During  these  first  five  months  of 
operation  of  the  filters  nitrification  did  not  become  well  established, 
and  although  there  was  a  considerable  reduction  of  the  free  and 
albuminoid  ammonia  of  the  sewage  in  passing  through  the  filters,  it 
was  largely  on  account  of  retention  and  storage  in  the  filters.  From 
July  2  to  7  inclusive,  the  rate  of  application  was  250,000  gallons  per 
acre  daily,  and  from  July  8  to  17  inclusive,  the  filters  were  operat- 
ing very  poorly,  the  method  of  application  was  irregular  and  the 
average  rate  was  less  than  100,000  gallons  per  acre  daily.  This  low 
rate  improved  the  condition  of  the  filters  and  nitrification  became 
established. 

From  July  18  to  August  13  the  rate  of  filtration  was  250,000 
gallons  per  acre  daily  and  was  applied  in  three  doses  between  7  a.m. 
and  2.30  p.m.  From  August  14  to  September  2  inclusive,  the  rate 
of  filtration  was  500,000  gallons  per  acre  daily,  applied  in  six  equal 
doses  between  7  a.m.  and  10  p.m.,  and  from  September  2  until  the 
end  of  the  experiment,  December  10,  the  rate  was  1,000,000  gallons 
per  acre  daily,  applied  in  twelve  equal  doses  between  7  a.m.  and 
11.30  p.m.     During  the  last  five  months  of  operation  of  the  filters 
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nitrification  was  active  within  the  filters,  but  the  effluents,  especially 
that  of  Filter  No.  51,  contained  a  large  amount  of  free  and  albumi- 
noid ammonia.  The  better  clarification  of  the  effluent  of  Filter  No. 
52  was  on  account  of  greater  storage  of  organic  matter  within  the 
filter. 

From  February  12  to  May  2  the  filters  were  aerated  two  hours 
daily,  from  2  to  4  p.m.  From  May  2  to  Juno  1,  one  and  one-half 
hours  daily,  divided  into  half-hour  periods,  June  1  to  15,  six  half 
hours  daily,  June  16  to  July  10,  twelve  half  hours  daily,  July  15 
to  August  5,  fourteen  hours  daily.  August  6  to  11  the  motor  was 
out  of  order  and  the  average  period  of  aeration  was  one  and  one-half 
hours  daily,  with  no  aeration  on  August  7,  9  and  10.  From  August 
13  to  September  3  the  filters  were  aerated  fourteen  hours  daily,  and 
from  September  3  until  the  eud  of  the  experiment,  with  a  few  ex- 
ceptions, the  filters  were  aerated  two  and  three-fourths  hours  daily, 
in  fifteen  minute  periods,  half  way  between  the  times  of  applying 
the  sewage. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  SI. 

[Part*  per  100.000.] 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  52. 

[Part*  par  100,000.] 
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Filler  No.  53. 
This  filter  is  one  twenty-thousandth  of  so  acre  in  area,  and  con- 
tains 60  inches  in  depth  of  sand  of  an  effective  size  of  0.19  milli- 
meter. From  February  1  to  May  17  it  received  the  effluent  of  No. 
51  at  the  rate  of  1,000,000  gallons  per  acre  daily.  Following  this 
treatment  the  surface  of  the  filter  became  so  badly  clogged  by  the 
excessive  application  of  partially  purified  sewage  that  the  rate  had 
to  be  greatly  reduced  and  was  quite  irregular  in  volume,  the  average 
rate  from  May  17  to  July  19  averaging  considerably  less  than  500,000 
gallons  per  acre  daily.  From  this  last  date  until  the  end  of  the  ex- 
periment, December  10,  the  average  rate  was  500,000  gallons  per 
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acre  daily.  During  this  last  period  the  applied  effluent  of  Filter 
No.  51  was  fairly  well  purified  and  contained  nitrates  in  consider- 
able quantity.  The  filter  was  allowed  to  rest  from  June  21  to  25 
inclusive  and  July  11  to  15  inclusive.  The  surface  was  raked  3 
inches  deep  twice  each  week  during  April,  and  beginning  May  2, 
to  the  same  depth  daily.  The  surface  was  spaded  over  to  a  depth 
of  6  inches  May  22,  June  3,  13,  20  and  November  22.  The  follow- 
ing table  shows  the  results  of  the  monthly  averages  of  the  analyses 
of  the  effluent  of  this  filter :  — 

Monthly  Averages  oj  Analyse*  of  Effluent  of  Filler  No.  53. 

[Parti  per  100,000.] 
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Fitter  m.  54. 
This  filter  is  a  duplicate  of  Filter  No.  53,  and  has  received  during 
its  period  of  operation  the  effluent  of  Filter  No.  52.  The  effluent 
was  applied  at  an  average  rate  of  1,000,000  gallons  per  acre  daily 
until  the  middle  of  June,  when  the  surface  of  the  filter  became  badly 
clogged.  On  June  13  the  surface  was  spaded  over  to  a  depth  of 
fi  inches  and  the  filter  was  allowed  to  rest  from  June  21  to  25  in- 
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elusive.  The  condition  of  the  filter  did  not  improve  and  the  average 
rate  of  application  of  the  partially  purified  sewage  was,  during  July, 
356,000  gallons  per  acre  daily.  During  the  remaining  period  of 
operation  of  this  filter  the  applied  effluent  contained  nitrogen,  in  the 
form  of  nitrates,  in  considerable  quantities,  and  was  of  such  quality 
that  the  filter  disposed  of  it  at  an  average  rate  of  500,000  gallons 
per  acre  daily,  without  difficulty.  The  surface  of  the  filter  was 
raked  to  a  depth  of  3  inches  once  each  week  from  April  1  until 
April  23,  and  after  this  date  to  the  same  depth  daily.  The  surface 
was  spaded  over  to  a  depth  of  t>  inches  May  25,  June  13,  29  and 
November  6.  The  quality  of  the  effluent  during  the  period  of 
operation  of  the  filter  is  shown  by  the  following  table :  — 

Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  64. 
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Filter  No.  55. 
This  filter  is  one  twenty-thousandth  of  an  acre  in  area,  and  con- 
tains, over  the  usual  gravel  under-drains,  5  feet  in  depth  of  sand  of 
an  effectjve  size  of  0.40  millimeter.     To  this  filter  the  effluent  of 
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Filter  No.  51  was  applied.  The  average  rate  of  application  during 
the  first  fire  mouths  of  operation  of  the  filter  was,  excluding  periods 
of  rest,  1,000,000  gallons  per  acre  daily.  The  surface  of  the  filter 
became  very  badly  clogged  by  this  excessive  application  of  partially 
purified  sewage  and  the  filter  was  allowed  to  rest  from  July  3  to  15 
inclusive.  During  the  remainder  of  the  year  the  rate  of  application 
was  500,000  gallons  per  acre  daily.  The  surface  of  the  filter  was 
not  disturbed  until  April;  during  April  it  was  raked  3  inches  deep 
each  week  until  April  23,  and  from  this  last  date,  until  the  end  of 
the  experiment,  to  the  same  depth  daily.  The  surface  of  the  filter 
was  dug  over  to  a  depth  of  6  inches  April  13,  May  24,  June  7  and 
18.  The  quality  of  the  effluent  of  the  filter  is  shown  by  the  follow- 
ing table :  — 


Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  SS. 

{P»rU  per  100,000.] 
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Filter  No.  66. 
This  filter  is  in  area  and  construction  a  duplicate  of  Filter  No.  55, 
and  has  had  applied  to  it,  during  its  period  of  operation,  the  effluent 
of  Filter  No.  52.  The  rate  of  application  of  this  effluent  was,  dur- 
ing the  first  five  months  of  operation  of  the  filter,  approximately 
1,000,000  gallons  per  acre  daily.  The  surface  of  the  filter  became 
quite  badly  clogged  during  July  and  the  rate  of  application  was 
very  much  reduced,  averaging  for  the  month  356,000  gallons  per 
acre  daily.  From  the  beginning  of  August  until  the  end  of  the  ex- 
periment the  quality  of  the  effluent  of  Filter  No.  52  was  much  im- 
proved, and  was  disposed  of  readily  by  Filter  No.  56  at  an  average 
rate  of  500,000  gallons  per  acre  daily.  The  surface  of  the  filter  was 
not  disturbed  until  April.  During  the  first  three  weeks  of  April  it 
was  raked  to  a  depth  of  3  inches  three  times,  and  beginning  April 
23,  to  the  same  depth  daily. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  66. 
[Pun  par  loo.ooo.] 
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Filter  2V6.  57. 
This  filter  is  one  twenty-thousandth  of  an  acre  in  area,  and  con- 
tains, over  the  usual  under-drains,  5  feet  in  depth  of  coke  breeze. 
The  effluent  of  Filter  No.  51  has  been  applied  to  this  filter.  During 
the  first  five  months  of  its  period  of  operation  the  rate  of  application 
was,  approximately,  1,000,000  gallons  per  acre  daily.  This  rate  of 
application  overtaxed  the  capacity  of  the  filter  and  its  surface  be- 
came so  badly  clogged  that  during  July  the  rate  of  application 
was  very  much  reduced  and  waB  quite  irregular.  From  the  first  of 
August  through  the  remaining  mouths  of  operation  of  the  filter  it 
disposed  of  the  better  purified  effluent  of  Filter  No.  51  without  diffi- 
culty at  an  average  rate  of  500,000  gallons  per  acre  daily.  The 
surface  of  the  filter  was  not  disturbed  until  April.  During  April 
the  surface  was  raked  to  a  depth  of  3  inches  three  times  up  to  April 
23  and  from  that  date  daily  throughout  the  remaining  months  of  the 
experiment. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  57. 
[Part*  per  loo.ooo.] 
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Filter  No.  58. 
This  filter  is,  in  area  and  construction,  a  duplicate  of  Filter  No. 
57,  and  ha3  had  applied  to  it  during  its  period  of  operation  the 
effluent  of  Filter  No.  52.  During  the  first  five  months  of  its  period 
of  operation  the  rate  of  application  was,  approximately,  1,000,000 
gallons  per  acre  daily.  This  overtaxed  the  capacity  of  the  filter  and 
during  July  the  rate  was  much  less  and  quite  irregular.  From 
August  1  throughout  the  remaining  months  of  operation  of  the 
filter  the  average  rate  of  application  was  500,000  gallons  per  acre 
daily,  and  the  filter  disposed  of  it  without  difficulty.  The  surface 
of  the  filter  was  not  disturbed  until  April.  During  April  it  was 
raked  to  the  depth  of  3  inches  once  each  week  to  April  23,  and 
from  this  date  until  the  end  of  the  experiment  to  the  same  depth 
daily. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  58. 

[Full  per  100,000.] 
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Summary  of  Filters  51  to  58  Inclusive. 

The  following  table  gives  the  average  analysis  of  the  effluent  of 
each  filter  for  the  entire  period  of  operation  :  — 


[Parte  per  100,000.] 


Quantity 
Applied. 

Gallons  per 

Acre  Daily 

for  Six 

Days  In  a 

Week. 

Color. 

|       Ammonia.       j 

Chlorine. 

1    Nitrogen  as 

Oxygen 

Consumed. 

te-i 

NUMBER  OP  FlLTBR. 

Free. 

Albamlnoid. 
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-3 
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61,* 
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t                      • 
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.8707  [ 
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62, 

•               i 
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808,400 

- 

1  2.0816 

.2606  | 

I    12.16 
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i 

1.68 

443,900 

63,* 

»                •               i 

1                      • 
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i   M 
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64, 

►                      •                      i 

►                      • 
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.0672 

12.68 
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.0046  j 

11,300 

66,* 

■                      •                      i 

»                      • 

881,400 
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.8629 
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|  1.9260 

.0218  | 

1   •" 

146,000 

M. 

*                     •                     i 

»                      • 

894,700 

.32 

.8600 
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,    12.46 

1  1.7900 

.0206  1 

I      .49 

80,700 

67,* 

1                      • 

K                      • 

708,900 

.86 

.8366 

.0788 

1    12.68 

|  1.8468 

i 

.0146 

,       .60 

98,200 

68, 

1                      • 

»                      • 

701,900 

.30 

.6673 

.0694 

1     12.22 

i 

|  1.8800 

.0096 

1 

,       .36 

89,300 

*  The  filters  marked  with  an  asterisk  belong  to  one  aeries  and  those  without  a  mark  to  the  other.  It 
will  be  observed  that  the  series  of  which  Filter  No.  52  (coke)  was  the  initial  filter  had  effluents  contain- 
ing less  organic  matter  and  lower  numbers  of  bacteria  than  the  effluents  of  the  series  of  which  Filter  No. 
61  was  the  initial  filter. 

Filler  JSTo.  59. 

This  filter  is  one  ten-thousandth  of  an  acre  in  area,  and  contains, 
over  the  usual  under-drains,  60  inches  in  depth  of  gravel  stones  of 
an  effective  size  of  2.50  millimeters.  Down  through  the  middle  of 
the  filter  an  iron  pipe  1  inch  in  diameter  is  passed,  and  the  pipe 
reaches  to  within  6  inches  of  the  bottom  of  the  filter.  The  lower  6 
inches  of  this  pipe  is  perforated  and  to  the  top  is  attached  an  aspira- 
tor operated  by  the  pressure  of  the  city  water  supply.  This  filter 
was  first  put  in  operation  April  1,  1895,  and  has  received  sewage  at 
an  average  rate,  up  to  Jan.  1,  1896,  of  500,000  gallons  per  acre 
daily.  The  surface  of  the  filter  has  been  disturbed  to  a  depth  of  3 
inches  once  each  week  and  the  applied  sewage  has  uniformly  dis- 
appeared immediately  from  the  surface.  From  April  4  to  Septem- 
ber 2  the  filter  was  aerated  from  9  p.m.  to  5  a.m.  daily;  from  this 
date  until  November  1  the  filter  was  not  aerated ;  from  November  1 
until  November  25  it  was  again  aerated  from  9  p.m.  to  5  a.m.  ;  from 
November  25  to  December  7  there  was  no  aeration,  and  from  this 
last  date  to  the  end  of  the  year  it  was  again  aerated  from  9  p.m.  to 
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5  a.m.  When  aeration  was  stopped  in  September  the  effluent  of  the 
filter  contained  2.41  parts  of  nitrates  in  100,000.  The  nitrates  grad- 
ually became  less  and  on  October  30  were  1.35  parts  in'  100,000, 
and  the  quantity  of  albuminoid  ammonia  and  oxygen  consumed  of  the 
effluent  had  doubled.  On  November  12,  twelve  days  after  renew- 
ing aeration  in  the  filter,  the  nitrates  of  the  effluent  had  increased  to 
3.50  parts  iu  100,000  but  the  albuminoid  ammonia  and  oxygen  con- 
sumed of  the  effluent  decreased  very  gradually.  The  second  period 
of  interruption  of  aeration  did  not  affect  the  quality  of  the  effluent. 
The  following  table  gives  the  monthly  averages  of  the  analyses  :  — 

Monthly  Averages  of  Analyses  of  Effluent  ofFiUer  No.  59. 

[Pane  per  100,000.] 


Sewage  applied,  M  gallone  dally  ill  daye  a  week,  April  1  to  December  31.    Sewage  applied  Id  the 
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driven  down  through  the  center  of  Biter;  the  lower  end. of  the  pipe  1>  0  Inch™  above  the  bottom  of 
tha  filler ;  a  trap  waa  attached  to  outlet.  Filler  aaplrated  eight  honri  each  night,  April  1  to  September 
1,  November  1  to  24,  December  I  to  31.     April  10  to  SI,  experiment  Inlerropted   by  fra.bet.     April 

each  weak. 

Filler  No.  60. 
This  filter  is  one  twenty-thousandth  of  an  acre  in  area,  and  con- 
tains, over  the  usual  under-drains,  60  inches  in  depth  of  sand  of  an 
effective  size  of  0.25  millimeter.  To  this  filter  has  been  applied, 
since  September  8,  the  waste  liquor  resulting  from  cleansing  rags  in 
a  paper  mill  by  means  of  a  boiling  solution  of  caustic  soda  and  lime. 
The  rags  cleaned  are  of  all  kinds  and  colors  and  the  resulting  U<\w« 
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is  often  very  highly  colored.  It  has  been  applied  to  the  filter,  at  an 
average  rate  of  65,500  gallons  per  acre  daily,  without  difficulty. 
The  effluent  of  the  filter,  while  greatly  improved  in  appearance  and 
analysis  from  the  applied  liquor,  is  still  highly  charged  with  organic 
matter  in  solution,  and  the  degree  of  alkalinity  of  the  liquor  is  appar- 
ently unfavorable  to  the  development  of  the  nitrifying  organism  in 
the  filter. 


Average  Analysts  of  Liquor  applied  to  and  Effluent  from  Filler  No.  60. 

[Part*  per  100,000.] 
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Filter  No.  61. 

This  filter  is  one  twenty-thousandth  of  an  acre  in  area,  and  con- 
tains, over  the  usual  under-drains,  60  inches  in  depth  of  sand  of 
an  effective  size  of  0.25  millimeter.  To  this  filter  has  been  applied 
the  waste  liquor  from  scouring  wool  at  an  average  rate,  since  Sep- 
tember 8,  of  17,000  gallons  per  acre  daily.  The  results  thus  far 
obtained  have  shown  that,  while  this  liquor  can  be  filtered  through 
sand  and  a  large  percentage  of  its  organic  matters  removed,  yet  it 
is  with  such  difficulty,  owing  to  clogging  and  necessary  removal  of 
the  surface  layers  of  the  sand  of  the  filter,  that  a  preliminary  treat- 
ment to  remove  a  large  part  of  the  dirt  and  fatty  matters  before 
filtration  is  essential. 


Average  Analysis  of  Liquor  applied  to  and  Effluent  from  Filter  No.  61. 

[Parte  per  100,000.] 
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Filters  JSTos.    VI.  and  VII. 

Filter  No.  VI.  contained  60  inches  in  depth  of  sand  of  an  effective 
size  of  0.25  millimeter,  and  Filter  No.  VII.  contained  the  same 
depth  of  coke  breeze.  To  these  two  filters  the  effluent  of  Filter  No. 
61  was  applied  at  an  average  rate,  from  October  1  to  January  1,  of 
50,000  gallons  per  acre  daily.  Each  filter  disposed  of  the  applied 
liquor  readily,  but  it  passed  through  the  5  feet  of  filtering  material 
with  little  or  no  change,  the  organic  matters  present  being  of  a  very 
stable  character  and  the  degree  of  alkalinity  obtained  prejudicial  to 
nitrification. 

Average  Analyses  of  Effluents  of  Fitters  Nos.  VI.  and  VII. 

[Parta  per  100,000.] 
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Filter  No.  VIII. 

This  filter  contains  5  feet  in  depth  of  sand  of  an  effective  size  of 
0.25  millimeter,  and  has  received  the  supernatant  liquid  resulting 
from  precipitating  the  fat  and  dirt  out  of  the  strong  waste  wool 
scouring  liquor  by  means  of  calcium  chloride.  This  treatment  with 
calcium  chloride  gives  an  almost  complete  clarification  of  the  liquor, 
and  its  strength  after  treatment,  estimated  by  albuminoid  ammonia 
determinations,  is  about  the  same  as  the  effluent  of  Filter  No.  61. 
Filter  No.  VIII.  has  disposed  of  this  clarified  liquor  readily  at  an 
average  rate  of  100,000  gallons  per  acre  daily,  but  it  has  passed 
through  the  5  feet  of  sand  with  very  little  change. 

Average  Analysis  of  Effluent  of  Filler  No.  VIII. 

[Parte  per  100,000.] 
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FILTRATION  OF  WATER. 


The  investigations  upon  the  purification  of  water  by  sand  filtration 
have  been  continued  throughout  the  year,  and  the  data  obtained  by 
the  results  from  the  experimental  filters  at  the  station  have  been 
supplemented  and  strengthened  by  observations  of  the  practical 
operation  and  the  results  obtained  from  the  large  filter  (2.5  acres  in 
area)  of  the  water  works  of  the  city  of  Lawrence.  All  of  the 
experimental  filters  in  operation  during  1894  were  continued  during 
1895,  and  three  new  filters  were  constructed,  containing  sand  of  a 
character  not  before  used,  namely,  Filter  No.  62,  containing  4 
feet  in  depth  of  beach  sand  of  an  effective  size  of  0.40  millimeter; 
Filter  No.  63,  containing  2  feet  in  depth  of  "Berkshire"  sand  of 
an  effective  size  of  0.16  millimeter,  and  Filter  No.  64,  containing 
1  foot  in  depth  of  the  "  Berkshire"  sand. 

The  general  plan  of  the  investigations  was  the  same  as  in  1894 
and  the  number  of  bacteria  in  the  applied  river  water  and  in  the 
effluent  of  each  filter  was  determined  daily.  B.  prodiyiosus  has 
been  applied  to  all  the  filters  in  known  quantities  and  at  stated 
intervals,  and  the  percentage  removal  of  this  germ  by  the  several 
filters  js  considered  to  show  the  bacterial  purification  of  the  water, 
as  the  percentage  removal  of  the  ordinary  water  bacteria  of  the 
applied  water  shows  the  bacterial  efficiency  of  the  various  filters,  as 
explained  in  the  last  annual  report. 

The  following  table  gives  the  average  results  obtained  from  the 
filtration  of  Merrimack  River  water  during  the  year  by  the  various 
filters :  — 
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Discussion  of  Bacterial  Efficiency  of  the  Filters. 

We  see  by  this  table  that  the  average  bacterial  efficiency  of  the 
filters  during  1895  has  (excluding  the  results  obtained  from  Filter 
No.  42,  which  has  contained  for  a  portion  of  its  period  of  operation 
only  1  inch  in  depth  of  sand)  varied  from  97.69  per  cent,  on  the 
part  of  Filter  No.  63  to  99.75  per  cent,  on  the  part  of  Filter  No.  41. 
Filter  No.  63  was,  in  common  with  filters  No.  62  and  64,  a  new 
filter,  having  been  operated  only  three  months  at  the  time  the  aver- 
ages were  made,  and  containing  but  2  feet  in  depth  of  sand.  Ex- 
cluding from  the  averages  of  the  year  filters  Nos.  42,  62,  63  and  64, 
for  the  reasons  given,  the  bacterial  efficiency  of  the  remaining  filters 
—  filters  which  had  been  in  operation  for  a  period  during  1894  and 
earlier  years  —  varies  from  98.74  per  cent,  on  the  part  of  Filter  No. 
45  to  99.75  per  cent,  on  the  part  of  Filter  No.  41.  All  the  filters, 
with  the  exception  of  filters  Nos.  3  B,  7  A  and  8  A,  are  inj.Wff  °^ 
an  acre  in  area  and  within  the  buildings.  These  small  filters  can- 
not be  operated  during  the  winter  months  on  account  of  com- 
plications from  freezing,  which  causes  the  formation  of  channels 
between  the  body  of  the  sand  and  the  sides  of  the  iron  tanks, 
and  on  account  of  the  evolution  of  air  from  the  saturated  water 
within  the  filters.  These  facts  have  been  thoroughly  explained  in 
previous  reports,  and  it  is  enough  at  this  time  to  state  that  they  are 
simply  effects  of  the  location  of  these  small  experimental  filters  and 
not  factors  in  filtration.  Filters  Nos.  3B,  7  A  and  8  A  are  located 
out  of  doors  and  are  each  ^-5  of  an  acre  in  area.  Filter  No.  3  B  is 
an  intermittent  filter  and  Filter  No.  8  A  is  a  continuous  filter,  and 
both  have  been  operated  constantly  since  their  construction,  Sept. 
23,  1893  ;  and,  although  they  are  not  protected  from  the  weather,  as 
filters  in  this  climate  undoubtedly  should  be,  the  results  from  them 
are  probably  the  most  important  obtained  at  the  experiment  sta- 
tion, and  illustrate  more  completely  than  the  results  of  operation  of 
the  other  filters  the  average  yearly  bacterial  efficiency  that  can  be 
obtained  by  filters  containing  5  feet  in  depth  of  medium  sand  and 
operating  at  normal  rates. 

The  average  daily  number  of  bacteria  per  cubic  centimeter  in  the 
effluent  of  Filter  No.  3  B  for  the  year  is  shown  by  the  table  on  page 
532,  and  a  similar  table  on  page  538  gives  the  same  information  in 
regard  to  the  effluent  of  Filter  No.  8  A.  In  studying  these  results 
month  by  month  we  learn  in  the  case  of  Filter  No.  3  B  (intermittent) 
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the  following  facts :  the  average  bacterial  efficiency  of  the  year  was 
99.16  per  cent.,  but  on  several  occasions  during  the  winter  months 
the  bacterial  efficiency  Was  low.  On  January  8  the  surface  of  the 
filter  was  raked  to  the  depth  of  1  inch  to  remove  clogging,  and  the 
filter  was  subsequently  put  in  operation  by  filling  from  above  with 
canal  water,  and  on  January  9  and  10  the  bacterial  efficiency  of  the 
filter  was  91.70  and  96.50  per  cent,  respectively,  but  on  no  other 
day  of  the  month  was  its  efficiency  less  than  98  per  cent.  From 
February  6  until  February  12,  inclusive,  owing  to  a  frozen  feed- 
pipe, the  filter  stood  uncovered  with  water  and  became  frozen  to  a 
considerable  depth.  The  bacterial  results  of  the  next  few  days  were 
of  course  poor,  and  should  hardly  be  included  in  the  yearly  averages. 
During  the  winter  months,  up  to  March  11,  the  filter  had  been  oper- 
ated at  a  rate  of  1,500,000  gallons  per  acre  daily,  but  on  this  date, 
owing  to  an  increased  supply  of  water,  the  rate  was  increased  to 
5,000,000  gallons  per  acre  daily,  and  this  rate  continued  until 
November  24.  For  the  six  days  following  this  increase  of  rate  the 
bacterial  efficiency  averaged  94.85  per  cent.,  but  from  this  time 
throughout  the  remainder  of  the  year  the  daily  bacterial  efficiency 
was  never  less  than  98  per  cent.,  and  for  months  at  a  time  was 
99.50  per  cent,  or  more.  The  comparatively  low  bacterial  efficiency 
obtained  at  times  during  the  winter  months  was  largely  due  to  the 
exposure  of  the  surface  of  the  sand  to  extremely  cold  weather,  and 
could  be  avoided  to  a  large  extent  with  covered  filters. 

Studying  the  bacterial  results  of  Filter  No.  8  A  (continuous) ,  given 
in  the  table  on  page  538,  we  find  that  its  daily  bacterial  efficiency  for 
the  year  was  99.73  per  cent.  Throughout  January  and  February  and 
the  first  eleven  days  of  March  this  filter,  although  exposed  to  the 
weather,  gave  a  bacterial  efficiency  that  was  on  no  occasion  less  than 
99.35  per  cent.  During  this  period  the  filter  was  operating  at  a  rate 
of  1,500,000  gallons  per  acre  daily.  On  March  11,  owing  to  an  in- 
creased water  supply,  the  rate  of  filtration  was  increased  to  5,000,000 
gallons  per  acre  daily,  and  this  rate  continued  until  November  25. 
For  a  period  of  eight  days  following  this  increase  of  rate,  that  is, 
from  March  12  to  19  inclusive,  the  bacterial  efficiency  of  the  filter 
averaged  96.30  per  cent.,  with  a  minimum  efficiency  of  92.30  per 
cent.  From  this  last  date  until  the  close  of  the  year  the  bacterial 
efficiency  of  the  filter  was  never  less  than  98  per  cent.,  and  only  on 
two  or  three  occasions  less  than  99  per  cent.,  and  for  months  at  a 
time  maintained  a  uniform  efficiency  of  99.50  per  cent,  or  more. 
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The  bacterial  results  obtained  from  these  large  filters  upon  October 
3  and  4  are  significant  when  compared  with  the  results  obtained  on 
these  days  from  the  small  filters.  On  these  two  days  the  number  of 
bacteria  in  the  applied  water  was  319,000  and  110,000  per  cubic 
centimeter,  respectively,  and  in  Filter  No.  3B,  233  and  90,  Filter 
No.  7  A,  24  and  55,  and  Filter  No.  8  A,  22  and  7  per  cubic  centi- 
meter, respectively.  The  effluents  of  the  small  filters  all  contained  a 
much  larger  number  of  bacteria  per  cubic  centimeter  upon  these  days. 

Bacterial  Efficiency  of  the  Small  In-door  Filters. 

These  filters,  as  has  been  stated,  can  be  operated  only  a  portion 
of  the  year,  and  have  been  largely  used  during  1894  and  1895  in 
studying  the  bacterial  results  obtained  from  filters  of  different  depths, 
material  and  period  of  operation  when  they  are  subjected  to  fluctu- 
ations of  rate  of  filtration,  deep  scrapings,  raking,  etc.,  and  have 
consequently  been  operated  in  many  instances  in  a  manner  known 
to  be  unfavorable  to  the  greatest  average  bacterial  efficiency.  In 
the  tables  given  in  a  subsequent  portion  of  this  report  and  showing 
the  daily  bacterial  efficiency  of  filters  No.  18  to  64,  inclusive,  the  bac- 
terial results  of  those  days  when  the  filters  were  subjected  to  abnor- 
mal treatments  are  of  samples  taken  before  such  treatment. 

The  average  daily  bacterial  results  of  the  following  day  were,  how- 
ever, necessarily  affected  in  many  instances.  For  this  reason  the 
results  are  not  considered  to  be  as  representative  as  the  results  from 
filters  Nos.  3  B  and  8  A.  Another  complication  entering  into  the 
summarizing  of  the  results  of  these  small  filters  is  the  fact  that,  in 
the  middle  of  their  period  of  operation  during  1895,  those  containing 
approximately  5  feet  in  depth  of  sand  were  cut  down  to  a  depth  of 
3  feet.  All  of  these  filters,  that  contained  at  the  beginning  of  their 
period  of  operation  in  1895,  5  feet  in  depth  of  filtering  material,  gave 
a  bacterial  efficiency  varying  from  98.74  per  cent,  to  99.75  per  cent., 
operating  at  rates  of  filtration  varying  from  2,000,000  to  7,000,000 
gallons  per  acre  daily.  Filter  No.  38,  containing  approximately 
20  inches  in  depth  of  sand,  and  operating  at  an  average  rate  of 
940,000  gallons  per  acre  daily,  had  a  bacterial  efficiency  of  99.50 
per  cent.,  and  Filter  No.  4(5,  containing  approximately  12  inches  in 
depth  of  sand,  and  operating  at  the  rate  of  4,480,000  gallons  per  acre 
daily,  had  a  bacterial  efficiency  of  98.95  per  cent. 

In  calculating  the  bacterial  efficiency  of  these  small  filters  the 
results  obtained  during  the  first  ten  days  of  their  operation,  or  period 
of  biological  construction,  are  omitted. 
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Bacterial  Purification. 

The  chief  object  of  water  filtration  is  the  removal  of  disease  germs. 
The  results  of  filtration  for  the  year,  given  in  the  preceding  table 
and  discussion,  are  entirely  confined  to  the  removal  of  the  bacteria 
normally  present  in  the  Merrimack  River  water  as  it  flows  past 
Lawrence,  after  receiving  the  sewage  of  Lowell,  Manchester,  Con- 
cord and  many  other  cities  and  towns  upon  its  water-shed.  These 
bacteria  are  of  many  kinds,  and  are  chiefly  those  found  in  the  wastes 
of  human  and  animal  life  together  with  many  whose  natural  habitat 
is  the  river  water.  To  strengthen  and  confirm  the  results  obtained 
by  sand  filtration  of  this  water,  it  has  been  the  custom  for  the  past 
few  years  at  the  station  to  add  at  times  to  the  water  applied  to  the 
filters  a  pure  culture  of  B.  prodigiosus.  The  reasons  for  the  appli- 
cation of  this  germ  are  that  it  is  apparently  incapable  of  growth 
within  the  filters  and  their  under-drains,  can  fye  readily  detected  if 
present  in  the  effluents,  and  hence  its  percentage  removal  by  the 
filters  more  definitely  determined  than  the  percentage  removal  of 
the  various  kinds  of  bacteria  normally  present  in  the  applied  water. 
Some  of  these  bacteria,  we  have  been  led  to  believe  by  results  obtained 
in  former  years,  are  capable  of  multiplying  within  the  filters,  and  in 
this  manner  preventing  the  number  of  bacteria  present  in  the  effluent 
representing  the  number  which  have  passed  through  the  entire  filter. 
The  tables  showing  the  number  of  B.  prodigiosus  in  the  applied 
water  and  in  the  effluents  of  the  various  filters  are  given  on  page 
529  and  following  pages.  In  studying  these  tables  we  see  that  the 
bacterial  purification  obtained  by  the  various  filters  has  been  much 
greater  than  their  bacterial  efficiency.  The  bacterial  purification 
results  obtained  from  filters  Nos.  3  B  and  8  A  may  be  summarized 
as  follows :  the  rate  of  filtration  of  Filter  No.  3  B  was  increased 
March  11  from  1,500,000  gallons  to  5,000,000  gallons  per  acre 
daily,  and  on  this  day  B.  prodigiosus  was  first  applied.  Each 
cubic  centimeter  of  applied  canal  water  upon  this  day  contained  617, 
and  on  the  five  following  days  500,  970,  1,882,  870  and  244  germs 
of  B.  prodigiosus,  respectively,  and  each  cubic  centimeter  of  the 
effluent  contained  on  these  days  5,  10,  5,  5,  2  and  1,  respectively, 
showing  an  average  bacterial  purification  for  these  days  of  94.50  per 
cent.  The  application  of  B.  prodigiosus  was  continued  at  the  same 
rate  until  April  10,  but  only  once  after  March  16  was  its  presence  de- 
tected in  the  effluent.     Such  a  great  fluctuation  of  rate  as  that  given 
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above,  and  which  resulted  in  low  bacterial  efficiency  and  purification, 
is  not  a  necessary  occurrence  in  natural  sand  filtration,  and  the  results 
obtained  must  be  regarded  as  abnormal. 

From  September  2  to  November  21,  when  the  filter  was  operating 
normally  at  a  5,000,000  gallon  rate,  B.  prodigiosus  was  again  ap- 
plied in  the  same  proportion  for  ten  hours  daily  and  on  only  five 
days  was  its  presence  detected  in  the  effluent.  The  bacterial  purifi- 
cation obtained  by  the  filter  during  these  three  months  was  99.99+ 
per  cent.  This  same  germ  was  applied  in  the  same  proportion  to 
Filter  No.  8  A  from  March  11  to  April  10,  and  the  rate  of  operation 
of  this  filter  was  increased  to  the  same  extent  on  March  12  as  that 
of  Filter  No.  3B.  It  is  of  interest  to  note  that  on  March  11  this 
germ  did  not  appear  in  the  effluent,  but  that  on  March  12,  th,e  day 
on  which  the  rate  was  increased  70  per  cent.,  the  effluent  contained 
41  per  cubic  centimeter,  and  its  presence  was  noted  upon  fifteen  of 
the  days  upon  which  it  was  applied  up  to  April  10.  The  average 
bacterial  purification  of  the  filter  during  the  first  six  days  of  its  ap- 
plication was  87.9  per  cent,  and  for  the  remaining  period  up  to 
April  1.0  was  99.85  per  cent. 

From  May  6  to  November  19,  and  from  this  last  date  until  Decem- 
ber 1,  during  which  entire  period  the  filter  was  running  normally  at 
a  rate  of  5,000,000  gallons  per  acre  daily,  B.  prodigiosus  was  applied 
up  to  November  19  in  the  same  proportion  as  during  the  period 
from  March  11  to  April  10,  and  from  November  19  to  December  1 
in  numbers  twice  as  great,  and  on  only  five  days  in  this  entire 
period  was  its  presence  detected  in  the  effluent  of  this  filter,  giving 
a  bacterial  purification  of  99.99 -J-  per  cent. 

Filter  No.  7  A  of  the  same  area  as  filters  Nos.  3  B  and  8  A,  but 
containing  only  2  feet  in  depth  of  a  somewhat  coarser  sand,  had 
B.  prodigiosus  applied  to  it  in  the  same  proportion  as  to  filters  Nos. 
3B  and  8  A  ten  hours  daily,  from  August  20  to  November  19  in- 
clusive, during  which  period  the  filter  was  filtering  at  a  rate  of 
5,000,000  gallons  per  acre  daily,  and  the  presence  of  the  germ  was 
detected  in  the  effluent  upon  sixteen  days.  Of  these  sixteen  days 
twelve  were  of  the  first  three  or  four  days  following  scraping  to  re- 
move clogging  of  the  surface  of  the  filter. 

The  bacterial  purification  obtained  by  the  small  in-door  filters  has 
been  uniformly  greater  than  their  bacterial  efficiency. 
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Increased  Effectiveness  of  Filters  due  to  Age  or  Length  of  Period 
of  Service. 
Bacterial  results  have  been  given  from  time  to  time  tending  to 
show  that  the  bacterial  efficiency  of  sand  filters  increased  in  pro- 
portion to  their  period  of  service.  This  tendency  towards  increased 
effectiveness  with  increased  age  is  made  more  clear  by  the  results 
obtained  during  the  past  year  (1895)  from  those  filters  which  have 
been  in  operation  at  the  station  for  several  years.  This  increased 
efficiency  of  the  filters  is  probably  due  to  the  accumulation  of  organic 
and  mineral  matter  of  a  gelatinous  character  upon  the  sand  grains  of 
the  filter,  together  with  an  increased  compactness  of  the  sand  caused 
by  a  moderate  amount  of  settling.  Filter  No.  18  A,  the  oldest  filter 
in  use  at  the  station  during  1895,  and  one  of  the  two  filters  with 
greatest  effective  size  of  sand  grain,  was  in  operation  during  1893 
at  an  average  rate  of  about  2,000,000  gallons  per  acre  daily,  and  its 
bacterial  efficiency  was  96.75  per  cent.  During  1894  its  rate  of 
operation  was  4,500,000  gallons  per  acre  daily  and  its  efficiency  was 
98.97  per  cent.,  and  during  1895  it  has  been  operating  approxi- 
mately at  the  same  rate  as  during  1894,  and  its  bacterial  efficiency 
has  been  99.57  per  cent.  This  increased  bacterial  efficiency  caused 
by  length  of  period  of  service  is  considerably  more  marked  with 
filters  constructed  of  medium  coarse  or  coarse  sands  than  it  is  with 
those  constructed  of  medium  fine  sand.  The  following  table  of  results 
from  filters,  all  of  which  were  constructed  during  1893,  is  interesting 
as  bearing  upon  this  point.  All  of  these  filters  contained  during 
1893  and  1894  5  feet  in  depth  of  sand,  but  Aug.  1,  1895,  filters 
Nos.  43,  44,  45  and  46  were  reduced  in  depth  to  3  feet. 

Table  showing  the  Bacterial  Efficiency  of  Fitters  during  Successive  Tears  of  their 
Period  of  Service. 
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Effect  of  Different  Depths  of  Filtering  Material  upon  Bacterial 

Efficiency. 

If  filters  2  or  3  feet  in  depth  can  by  careful  supervision  produce 
as  uniformly  satisfactory  results  from  a  hygienic  point  of  view  as 
filters  containing  5  feet  in  depth  of  filtering  material,  their  cost  of 
construction  would  be  materially  lessened.  The  results  attained  at 
the  station  have  indicated  that  nearly  as  satisfactory  results  are 
given  by  shallow  filters  as  by  deeper  ones,  especially  after  a  period 
of  service  of  some  considerable  length,  but  that  they  are  much  more 
sensitive  to  disturbing  influences.  This  really  means  that  if  a  filter 
in  practical  operation  is  to  be  supervised  by  experts,  satisfactory  and 
safe  results  can  be  secured  with  a  shallow  depth  of  sand,  but  that  if 
its  operation  is  to  be  entrusted  to  unskilled  hands,  not  fully  ac- 
quainted with  the  essential  features  of  successful  sand  filtration,  the 
steadying  influence  of  a  considerable  depth  of  sand  is  all  important. 
\  This  is  especially  so  in  winter,  when  formation  of  ice  and  freezing 
of  the  surface  sand  is  liable  to  occur,  as  at  such  times  the  best  and 
most  skilful  handling  would  be  necessary,  with  a  shallow  filter,  to 
produce  satisfactory  results.  The  depth  of  sand  in  the  Lawrence 
city  filter  and  the  method  of  under-draining,  by  which  the  rapidity 
of  filtration  is  checked,  have  undoubtedly  been  of  extreme  value  in 
producing  good  hygienic  results. 

To  make  a  really  just  comparison  between  filters  of  different 
depths  of  filtering  material,  the  filters  should  be  of  the  same 
grade  of  sand,  of  the  same  period  of  service  and  should  have  been 
operated  at  the  same  rate.  We  can  make  no  such  absolute  com- 
parison of  any  of  the  filters  in  operation  during  1895,  but  a  com- 
parison of  some  value  can  be  shown  by  the  following  table  of 
results  of  the  three  days  preceding  and  three  days  following  scrap- 
ing the  surfaces  of  filters  Nos.  7  A  and  8  A.  It  can  also  be  stated 
that  scraping  the  surface  of  Filter  No.  8  A  did  not  affect  the  bac- 
terial purification  results  obtained,  while  scraping  the  surface  of 
Filter  No.  7  A  almost  invariably  caused  the  appearance  of  B.  pro- 
diffiosus  in  the  effluent  for  the  three  or  four  days  following. 

The  second  table  shows  the  number  of  bacteria  in  the  effluents  of 
these  two  filters  at  periods  between  scraping,  when  the  filters  were 
operating  at  approximately  the  same  rate,  namely,  5,000,000  gal- 
lons per  acre  daily. 
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Table  showing  the  Effect  of  Scraping  Filters  Two  Feet  and  Five  Feet  Deep. 


Datb  op 
sceapiko. 


May  16, 

Jane  4, 
Jane  26, 
July  17, 
Aug.  27, 
Sept.  7, 
Sept.  26, 
Oct.  12, 
Oct.  28, 
Nov.  12, 


Filter  No.  7  A,  2  Feet  Deep. 


AVBBAQB  KCMBtt 

OV  BACTBBIA  PBK 

CUBIC  CBKTIMBTBB 

IN  APPLIED  WATBB. 


Average 
of  Three 
D*yB  pre- 
ceding. 


Average 

of  Three 

Daye  iac- 

ceedlng. 


7,300 

17,200 

11,000 

26,000 

5,300 

9,000 

11,000 

180,000 

2,600 

4,000 


ATBBAOB  KUMBBB 
OP  BACTERIA  PEB 
CUBIC  CENTIMETKB 
in  BFVLUBKT. 


Average 
of  Three 
Days  pre- 
ceding. 


Average 

of  Three 

Day*  iuc- 

ceeding. 


137 

82 

115 

121 

235 

78 

50 

196 

68 

92 


Datb  op 
Scbaptno. 


189a. 

May  23, 
June  29, 
July  12, 
Oct.  17, 
Oct.  28, 
Nov.  12, 

/ 


FiLTtt  No.  8  A,  5  Feet  Deep. 


AVEBAOE  MTJMBEB 

OP  BACTEBIA  PBB 

CUBIC  CEHTCMETEB 

IH  APPUED  WATBB. 


Average 

of  Three 

Dayepre- 

cedlng. 


Average 

of  Three 

Days  enc- 

ceedlng. 


6,000 

19,000 

26,000 

15,000 

3,500 

4,000 


6,000 

18,000 

24,000 

6,600 

4,000 


AVBBAOB  KUMBBB 

OP  BACTEBIA  PEB 

CUBIC  CENTIMBTEB 

IN  EPFLUBNT. 


Average 
of  Three 
Days  pre- 
ceding. 


Average 

of  Three 

Days  inc- 

ceedlng. 


44 

34 
28 
12 
11 
11 


20 
23 
26 
28 
6 
17 


Table  showing  the  Number  of  Bacteria  per  Cubic  Centimeter  in  tlie  Effluent  oj 
Filters  Nos.  8  A  and  7  A  at  Periods  between  Scraping,  when  the  Filters  were 
operating  at  Approximately  the  same  Bate. 


Datb. 

Filter 
No.  8  A. 

Filter 
No.  7  A. 

Datb 

Filter 
No.  8  A. 

Filter 
No.  7  A. 

July     16, . 

22 

- 

August    4, 

- 

- 

19,. 

12 

64 

5, 

96 

50 

20,. 

28 

- 

6, 

13 

74 

21,. 

- 

58 

7. 

10 

- 

22,. 

16 

43 

8. 

12 

- 

23,. 

27 

24 

9, 

8 

42 

24,. 

11 

82 

10, 

10 

35 

25,.        , 

23 

86 

11, 

- 

- 

26,  . 

23 

25 

12. 

23 

24 

27,. 

19 

- 

18,        . 

16 

62 

28,. 

- 

29 

14,        . 

26 

63 

29,  . 

24 

43 

15,        . 

19 

33 

30,  . 

22 

25 

16, 

7 

27 

81,  . 

13 

30 

17,        . 

13 

30 

August  1,. 

15 

20 

18,        . 

- 

- 

2».        . 

14 

22 

19,        . 

6 

38 

8,.        . 

- 

21 

20,        . 

6 

16 
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On  August  1,  filters  Nos.  43,  44,  45  and  47,  which  contained, 
when  first  constructed  in  1893,  5  feet  in  depth  of  sand,  but  which 
had  grown  gradually  shallower  by  the  removal  of  sand  at  times  of 
scraping,  were  cut  down  to  the  extent  necessary  to  cause  them  to 
contain  3  feet  in  depth  of  sand  over  their  under-drains.  On  August 
31,  filters  Nos.  18  A  and  50  were  treated  in  a  like  manner.  To 
reduce  them  to  the  required  depth  it  was  necessary  to  remove  a  foot 
or  more  of  sand. 

The  purpose  of  this  reduction  in  depth  was  to  study  and  compare 
the  results  obtained  from  the  same  filters  when  of  different  depths, 
but  this  purpose  was  defeated  to  some  extent  by  the  fact  that  in  re- 
moving so  great  a  depth  of  filtering  material,  which  had  been  ren- 
dered doubly  effective  by  the  organic  matter  accumulated  within  it, 
we  were  practically  establishing  new  filters.     The  results  obtained 
from  them  therefore  could  not  in  fairness  be  compared  with  the  re- 
sults just  previously  obtained,  when  the  filters  were  of  greater  depth ; 
neither  could  they  be  compared  with  results  obtained  during  the  first 
few  months  of  operation  of  these  filters,  as  at  that  time  there  was 
practically  no  organic  matter  or  gelatinous  films  upon  the  sand  grains, 
while  of  course  on  the  sand  remaining  in  the  filters  after  their  reduc- 
tion in  depth  these  gelatinous  films  were  present  to  a  considerable 
extent.     It  can  be  said,  however,  that  these  filters,  after  a  period  of 
biological  construction,  gave  nearly  as  great  bacterial  efficiency  under 
normal  conditions  of  filtration,  but  were  more  sensitive  to  disturbing 
influences.     A  fairer  comparison  can  be  made  between  filters  Nos. 
46  and  47.     Filter  No.  46,  containing  approximately  12  inches  in 
depth  of  sand  of  an  effective  size  of  0.29  millimeter,  had  a  bacterial 
efficiency  for  the  year  of  98.95  per  cent.,  with  an  average  rate  of 
filtration  of  4,480,000  gallons  per  acre  daily,  while  Filter  No.  47, 
containing  approximately  60  inches  in  depth  of  sand  of  the  same 
grade  up  to  August  1,  and  after  this  date  36  inches  in  depth  of  sand, 
had  a  bacterial  efficiency  for  the  year  of  99.38  per  cent.,  with  an 
average  rate  of  filtration  of  6,600,000  gallons  per  acre  daily.     From 
May  1  to  August  1  Filter  No.  46  was  scraped  ten  times  to  remove 
clogging  ;  the  depth  of  sand  removed  at  each  scraping  averaged  0.41 
of  an  inch,  and  the  average  number  of  bacteria  per  cubic  centimeter 
in  the  effluent  for  the  twenty-four  hours  following  these  scrapings 
was  209.     Filter  No.  47  was  scraped  thirteen  times  to  remove  clog- 
ging between  May  1  and  August  1 ;  the  depth  of  sand  removed  each 
time  averaged  0.33  of  an  inch,  and  the  average  number  of  bacteria  in 
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each  cubic  centimeter  of  the  effluent  for  the  twenty-four  hours  fol- 
lowing scraping  averaged  86.  These  two  filters  are  of  the  same 
age. 

The  Effect  of  the  Amount  of  Loss  of  Head  upon  Bacterial  Efficiency. 

It  has  been  stated  in  the  last  two  reports  that,  contrary  to  some 
European  experience,  the  experimental  filters  at  Lawrence  under 
ordinary  conditions  show  no  diminution  in  the  removal  of  bacteria 
when  the  loss  of  head,  or  measurement  of  the  frictional  resistance 
of  the  sand  of  the  filter  to  the  passage  of  water,  reaches  nearly  or 
quite  the  total  depth  of  the  filter  (sand  and  water).  The  results 
obtained  for  1895  from  filters  operating  under  normal  conditions 
emphatically  confirm  the  earlier  ones.  In  studying  the  bacterial 
efficiency  of  the  various  filters  when  their  loss  of  head  was  at  or 
approaching  its  maximum,  occasional  results  can  be  found  giving 
slightly  higher  numbers  of  bacteria,  but  generally  not  enough  higher 
to  lower  the  bacterial  efficiency  of  the  filter  more  than  a  small  frac- 
tion of  one  per  cent.  If  we  take  the  results  obtained  from  filters  Nos. 
3  B,  7  A  and  8  A  to  represent  the  results  obtained  by  filters  operat- 
ing under  normal  conditions,  we  learn  the  following  facts  regarding 
this  point :  Filter  No.  3  B  was  scraped  ten  times  during  1895  to 
remove  clogging  and  keep  the  rate  to  the  prescribed  limit ;  that  is  to 
say,  the  loss  of  head  reached  its  maximum  ten  times,  but  the  lowest 
bacterial  efficiency  obtained  at  any  time  upon  the  day  immediately 
preceding  scraping  was  99.25  per  cent.  Filter  No.  8  A  was  scraped 
sixteen  times  during  the  year,  and  the  lowest  bacterial  efficiency  ob- 
tained at  any  time  upon  the  day  immediately  preceding  scraping 
was  99.22  per  cent.  Filter  No.  7  A  contains  but  2  feet  in  depth  of 
sand  and  was  scraped  twelve  times  during  its  period  of  operation  in 
1895,  and  its  lowest  bacterial  efficiency  upon  any  day  immediately 
preceding  scraping' was  98.90  per  cent. 

Effect  of  Fluctuation  in  Rate  upon  Bacterial  Efficiency. 

Under  the  discussion  of  the  bacterial  efficiency  obtained  during 
the  year  by  filters  Nos.  3  B  and  8  A  on  page  506,  the  poor  results 
obtained  for  a  few  days  in  March,  following  the  increase  of  rate  of 
each  filter  from  1,500,000  to  5,000,000  gallons  per  acre  daily,  has 
been  noted.  At  the  time  when  these  increments  of  rate  were  made 
the  filters  had  been  scraped  to  a  depth  of  1  inch  and  then  raked  to 
a  depth  of  1  inch.     This  was  a  combination  of  factors  well  calcu- 
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lated  to  produce  low  efficiency  and  not  necessary  in  actual  filtration. 
[t  has  been  shown  by  the  table  on  page  513  that  scraping  Filter 
No.  8  A  had  little  if  any  effect  upon  its  bacterial  efficiency,  and 
many  thousand  samples  of  the  effluents  of  intermittent  filters,  taken 
after  flooding  and  when  the  rates  of  filtration  of  the  filters  were 
alowly  increasing  to  the  maximum,  prove  that  rates  may  be  greatly 
increased  without  diminishing  bacterial  efficiency. 

Violent  fluctuations  of  rate,  either  above  or  below  the  normal, 
produce  mechanical  disturbances  of  the  filtering  materials  and  di- 
minished bacterial  efficiency  for  periods  more  or  less  prolonged. 

The  following  table  records  some  results  obtained  by  fluctuating 
the  rates  of  filtration.  The  number  of  bacteria  per  cubic  centimeter 
in  the  effluents  before  the  changes  were  made  are  given,  together 
with  the  maximum  number  found  after  the  change.  Each  set  of 
results  represents  from  ten  to  twenty  bacterial  analyses  of  samples 
of  the  effluent,  most  of  which  were  collected  at  about  the  time  when 
the  water,  which  was  in  the  upper  portion  of  the  filter  when  the  rate 
was  changed,  was  flowing  from  the  filter. 

Summary  of  Bacterial  Results  to  show  the  Effect  of  Fluctuating  the  Bate  of 

Filtration. 


18, 

83, 

38, 

43, 

43, 

45, 

45, 

48, 

48, 

48, 

48, 

4», 

49, 

50, 

50, 


Number  or  Filter. 


Date. 
1895. 


Changes  im 
Kate. 


Million 
Gallons  per 
Acre  Daily. 


Nov.  22, 

Oct.  10, 

Nov.  22, 

Oct.    7, 

Nov.   9,  >■ 

i 

Not.  12,  , 

Nov  22,  ' 

Oct.    9,  ' 

Oct.  16, ; 

Oct.  21, 
Oct.  26,  ". 


7-15 

2-15 
5.5-19 
5-24-5 
6-16 
6-12 
5-6.5 
5-7.5 
5-6 
5-7.5 


Oct.  16,  9.5-18 


Oct.  26, 
Oct.  7, 
Oct.  26, 


10-12-10 
5-8 
5-14-5 


Number  of  Bacteria  per 

Cubic  Centimeter  in 

Effluent. 


Before 
Change. 


131 

180 

46 

132 

136 

87 

96 

132 

60 

35 

55 

65 

64 

72 

93 


After  Change 
(Maximum). 


185 
426 
43 
148 
250 
95 
167 
490 
92 
60 
81 
110 
94 
73 
150 
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In  making  these  experiments  the  outlets  of  the  filters  were  in 
most  instances  opened  quickly  and  allowed  to  remain  open,  but 
occasionally,  as  with  Filter  No.  43  on  November  9,  the  faucet  was 
opened  quickly,  allowed  to  remain  so  for  a  few  minutes  and  then 
closed  to  its  original  position.  The  experiments  were  all  made 
during  the  months  of  October  and  November,  and  during  October 
the  number  of  bacteria  in  the  applied  canal  water  was  unusually 
high.  On  October  10,  the  day  on  which  the  rate  of  Filter  No.  33 
was  first  fluctuated,  as  given  in  the  table,  the  number  of  bacteria  in 
the  applied  canal  water  was  298,000,  and  on  October  9,  the  day  on 
which  the  rate  of  Filter  No.  48  was  first  fluctuated,  the  number  in 
the  canal  water  was  126,000  per  cubic  centimeter. 

High  Rates  of  Filtration. 

The  longer  the  investigations  upon  water  filtration  have  been  con- 
tinued, the  more  evident  it  has  become  that  entirely  satisfactory 
bacterial  purification  of  water  can  be  obtained  at  rates  of  filtration 
much  greater  than  formerly  supposed.  If  the  results  obtained  at 
the  station  during  the  past  two  or  three  years  have  decided  anything 
they  have  certainly  made  this  point  clear.  It  has  also  been  de- 
cisively settled  that  the  bacterial  efficiency  of  natural  sand  filters 
increases  with  age,  and  that  a  growing  municipality  that  decides  to 
filter  its  water  supply  through  sand  can  reckon  upon  increasing  the 
volume  of  water  filtered  through  a  given  area  of  filter  bed  as  the 
filter  grows  older,  and  obtain  a  bacterial  efficiency  equal  to  that 
obtained  at  the  beginning  of  operation  of  its  filter.  Entirely  satis- 
factory results  were  obtained  during  1895  from  filters  operating  at 
rates  of  5,000,000  and  even  7,000,000  gallons  per  acre  daily.  The 
results  from  filters  Nos.  3  B  and  8  A  have  been  mentioned  on  pre- 
vious pages,  and  the  average  bacterial  efficiency  of  all  the  filters, 
together  with  their  rates  of  operation,  have  been  given  in  the  first 
table  of  this  report. 

Increasing  the  rates  of  individual  filters  from  year  to  year  has  not 
resulted  in  decreased  bacterial  efficiency,  but  the  increase  of  period 
of  service  of  these  filters  has  been  partly  accountable  for  the  entirely 
satisfactory  results  obtained.  An  interesting  experiment  has  been 
made  with  filters  Nos.  48  and  49.  These  two  filters,  each  contain 
approximately  5  feet  in  depth  of  sand  of  an  effective  size  of  0.38 
millimeter  and  were  constructed  at  the  same  time.  During  1894 
and  1895  Filter  No.  49  has  been  operated  at  a  rate  approximately 
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twice  as  great  as  the  rate  of  operation  of  Filter  No.  48,  and  the 
bacterial  efficiency  of  these  two  filters,  together  with  their  rate  of 
filtration,  is  given  in  a  following  table.  The  results  are  interesting 
as  showing  that  a  filter  can  be  operated  at  a  rate  of  more  than 
9,000,000  gallons  per  acre  daily  and  maintain  an  average  bacterial 
efficiency  of  more  than  99  per  cent. 

There  is  one  instance  recorded  which  deserves  explanation. 
During  October,  1895,  the  average  number  of  bacteria  in  the 
effluent  of  Filter  No.  49  was  533.  In  order  to  maintain  the  high 
rate  of  filtration  it  was  necessary  to  scrape  this  filter  very  frequently 
during  October,  and  as  the  average  number  of  bacteria  in  the  applied 
canal  water  was  unusually  high  on  several  occasions,  they  caused  high 
numbers  in  the  effluent.  For  instance,  on  October  3  there  were 
319,000  bacteria  per  cubic  centimeter  in  the  applied  water  and 
2,086  in  the  effluent.  On  October  9,  12  and  15  the  filter  was 
scraped,  and  on  these  days  there  were  126,000,  147,000  and  17,000 
bacteria  per  cubic  centimeter  in  the  applied  water  and  1,050,  4,753 
and  152  bacteria  per  cubic  centimeter  in  the  effluent. 

The  filter  at  this  time  was  running  at  an  average  rate  of  filtration 
of  nearly  10,000,000  gallons  per  acre  daily.  Filter  No.  48,  operat- 
ing at  a  rate  of  5,000,000  gallons  per  acre  daily,  was  much  less 
affected  by  these  high  numbers  of  bacteria  in  the  applied  water. 


Table  to  show  the  Relative  Efficiency  of  Filters  operating  at  High,  as  compared 

with  those  operating  at  Lower,  Rates  of  Filtration. 


Average     ' 

Number  of  > 

Bacteria     , 

In  the       1 

Applied 

Water.      I 

1 

FlLTKH  No.  48. 

Filter  No.  4S 

. 

Date. 

r 

Average 
Kate  of  Fil- 
tration. 

Gallons 

per  Acre 

Dally. 

Average 

Number  of 

Bacteria 

in  the 
Effluent. 

i 

Bacterial 
Efficiency. 

1 

i 

Average 
Rate  of  Fil- 
tration. 

Gallons 

per  Acre 

Dally. 

Average 

Number  of 

Bacteria 

in  the 
Effluent. 

Bacterial 
Efficiency. 

1894. 

July,  . 

7,000 

1 

;    2,500,000 

13 

i 
99.81 

4,800,000 

23 

99.67 

August, 

3,600      ' 

F                       i 

|    2,520,000 

19 

99.47 

4,980,000 

17 

99.53 

September,        . 

29,000 

1    2,520,000 

2 

99.99     < 

5,020,000 

4 

99.99 

October,    . 

36,000 

i 

!    3,800,000 

11 

99.98     i 

7,600,000 

33 

99.94 

1895. 

May,  . 

1 
7,700 

4,480,000 

102 

98.68    ' 

9,980,000 

96        , 

98.75 

June, .       .       . 

18,000 

6,140,000 

111 

99.31 

10,060,000 

95 

99.48 

July,  . 

13,000      j 

4,940,000 

89 

99.32 

9,580,000 

17 

99.67 

August,     . 

7,700      ! 

4,900,000 

60 

99.23 

i 

9,680,000 

56 

99.28 

September, 

10,000      j 

9                       1 

4,880,000 

65 

99.35 

9,740,000 

68        ' 

99.32 

October,    . 

62,000      1 

5,060,000 

65 

I 

99.88     ; 

9,840,000 

533        | 

98.98 

November, 

6,800      . 

4,760,000 

73 

98.93 

i 

7,280,000 

«    i 
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Nearly  all  of  the  filters  have  been  operated  daring  1895  at  rates 
which  would  have  formerly  been  considered  abnormally  high,  but 
the  good  and  uniform  bacterial  efficiency  obtained  at  these  high  rates 
of  filtration  certainly  go  to  prove  that,  in  estimates  of  the  cost  of 
construction  of  natural  sand  filter  beds,  rates  of  filtration  equal  to 
four  or  five  million  gallons  per  acre  daily  can  be  considered  safe 
with  water  of  about  the  character  of  that  of  the  Merrimack  River. 


The  Effect  of  the  Method  of  Application  of  Water  to  the  Filters 

upon  Bacterial  Efficiency. 

There  have  been  in  operation  at  the  station  during  1895  fourteen 
continuous  and  five  intermittent  water  filters.  To  all  of  these  filters 
Merrimack  River  water,  containing  a  large  percentage  of  dissolved 
oxygen,  has  been  applied,  and  none  of  the  filters  which  have  con- 
tained more  than  12  inches  in  depth  of  filtering  material  and  were  in 
operation  during  1894  have  given  a  bacterial  efficiency  of  less  than 
98.74  per  cent.  The  method  of  operating  the  intermittent  filters 
was  the  same  as  during  1894,  and  as  follows :  at  6.30  a.m.  the  ap- 
plication of  water  was  stopped  and  the  filter  allowed  to  drain  for 
two  hours  from  the  time  when  the  surface  was  first  uncovered; 
water  was  then  again  applied  and  the  gate  of  the  outlet  pipe  kept 
constantly  open.  Operating  in  this  way,  the  air  drawn  into  the 
filter  while  the  surface  was  uncovered  and  the  filter  was  draining 
was  largely  forced  downward  through  the  outlet  and  much  surface 
disturbance  prevented.  Taking  intermittent  Filter  No.  3  B  and  its 
continuous  mate,  Filter  No.  8  A,  both  of  which  were  operated 
throughout  the  entire  year,  we  find  that  Filter  No.  8  A  has  given 
the  greatest  bacterial  efficiency.  Upon  a  comparison  of  their  effi- 
ciency during  different  seasons  of  the  year  it  is  found  that  during 
weather  when  the  temperature  of  the  day  is  not,  or  but  slightly, 
below  the  freezing  point,  Filter  No.  3B  has  given  an  efficiency 
nearly  or  quite  equal  to  Filter  No.  8  A.  During  freezing  weather, 
however,  the  exposure  of  the  surface  of  Filter  No.  3  B  has  resulted 
in  decreased  efficiency  at  times. 
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Table  showing  Comparative  Bacterial  Efficiency  of  Intermittent  and  Continuous 

Filters  at  Different  Seasons  of  the  Year. 


Baotebxa  pes 

Cubic  Centimeter  ix  — 

189a. 

Week  Emdino  — 

The 
Applied 
Water. 

EFFLUENT  OF  IXTEKM1TTZKT 
FILTEE  vo.  3b. 

I           KPFIXEVT  OF  OOVTIVDOC8 
|                        FILTEE  VO.  8  A. 

6  A.M. 

9  A.M. 

1  F.M. 

6  P.M. 

|    5  A.M. 

11  A.M. 

1  P.M. 

5  P.M. 

January      5,    . 

• 

16,400 

24 

- 

34 

35 

1      15 

15 

19 

17 

12,    . 

• 

20,400 

139 

- 

150 

314 

1      30 

28 

27 

35 

19,    . 

• 

18,600 

84 

- 

99 

100 

1      30 

87 

37 

61 

26,    . 

• 

14,800 

163 

- 

113 

174 

38 

28 

- 

23 

February    2,    . 

• 

15,300 

235 

- 

168 

158 

.      85 

24 

- 

44 

August        3, 

a              • 

10,700 

15 

23 

25 

20 

24 

15 

15 

13 

10,    . 

• 

11,000 

24 

18 

14 

14 

!      26 

44 

29 

20 

17,    . 

• 

5,700 

12 

12 

14 

18 

!      19 

14 

11 

14 

24,    . 

• 

6,600 

9 

10 

13 

10 

i      M 

13 

13 

19 

December  7,    . 

• 

8,000 

7 

5 

9 

9 

i        7 

6 

6 

6 

14,    . 

• 

7,000 

11 

8 

11 

7 

5 

i 

6 

6 

5 

21,    . 

• 

6,800 

19 

16 

16 

20 

1 
17 

16 

8 

6 

Method  of  Putting  Filters  into  Operation  after  Scraping. 

It  has  been  the  custom  during  the  year,  with  the  large  out-door 
filters  Nos.  3  B,  7  A  and  8  A,  after  scraping  to  remove  clogging,  to 
rake  the  surface  of  the  filter  to  a  depth  of  1  inch  and  then  fill  the 
filter  slowly  from  below  with  city  filtered  water.  The  filters  have 
then  been  allowed  to  rest  for  a  number  of  hours  with  their  surface 
covered  with  water  before  starting  filtering  again.  The  small  iron 
filters,  after  scraping  to  remove  clogging,  have  been  started  without 
raking  and  with  canal  water  applied  from  above.  The  better  bac- 
terial results  are  obtained  by  the  first  treatment.  Of  the  thirteen 
scrapings  of  Filter  No.  3  B,  ten  had  no  appreciable  effect  upon  the 
number  of  bacteria  in  the  effluent,  and  of  the  seventeen  scrapings  of 
Filter  No.  8  A,  sixteen  had  no  appreciable  effect  upon  the  number 
of  bacteria  in  the  effluent. 

On  Oct.  28,  1894,  Filter  No.  3B  was  spaded  over  to  a  depth  of 
about  6  inches  for  experimental  purposes,  and  the  bacterial  results 
following  this  treatment  are  given  in  a  table  in  the  report  of  the 
Board  for  1894,  which  is  here  repeated.  The  filter,  after  this 
spading  over,  was  started  by  applying  canal  water  from  above. 


No.  34.] 


FILTRATION  OP  WATER. 


521 


Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter  No.  3  B. 


1894. 

Hoar. 

Bacteria. 

Remarks. 

November  28, 
28, 
'      28,        . 
28,        . 
28, 
28, 
30, 
December    1, 

2,       , 
3. 

4.  . 

5.  ■ 

8.00  A.M. 

12.80  p.m. 
2.00  P.M. 
8.00  P.M. 
4.00  P.M. 
6.00  PJi. 

150 
1.680 
2,506 

980 
1,260 
1,120 
1,800 

786 

606 
846 
889 

Before  spading. 

Spading  completed  and  water  applied  from  the  top 
at  10.60  a.m.    Outlet  gate  waa  not  doted. 

This  and  remaining  nombera  are  averages  of  four 
analyses. 

Surface  clogged  again. 

The  average  number  of  bacteria  in  the  applied  river  water  during 
this  period  was  about  12,000  per  cubic  centimeter. 

On  Oct.  23, 1895,  Filter  No.  3B,  while  operating  at  the  same  rate 
as  in  November,  1894,  was  again  spaded  over  to  a  depth  of  6  inches, 
but  was  put  in  operation  after  this  treatment  by  filling  it  slowly  from 
below  with  city  filtered  water  and  then  allowing  it  to  stand  with  its 
surface  covered  with  water  for  two  hours  before  again  turning  on  the 
river  water  and  opening  the  outlet  gate.  The  bacterial  results  sub- 
sequent to  this  treatment  are  given  in  the  following  table  :  — 

Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter  No.  3  B. 


1805. 


Remarks. 


October  23, 
24, 
24, 
24, 
24, 
24, 
24, 
24, 
24, 
24, 
24, 
24, 
24, 
24, 
25, 
26, 
28, 
29, 
30, 
31, 


8.80 

8.15 

9.00 

10.00 

10.30 

10.40 

10.50 

11.00 

11.45 

1.00 

2.00 

3.00 

5.00 

7.00 


A  M. 

10 

A.M. 

24 

A.M. 

48 

A.M. 

67 

A.M. 

16 

A.M. 

48 

A.M. 

21 

A.M. 

32 

A.M. 

34 

P.M. 

27 

P.M. 

80 

P.M. 

88 

P.M. 

35 

P.M. 

85 

64 

26 

19 

16 

9 

15 

Before  spading. 

Outlet  gate  just  opened  after  spading  and  filling. 


Bacteria  In  the  applied  water  during  this  period  averaged  3,000  per  cubic  centimeter. 

Summary  of  Results  of  Scraping  Water  Filters. 

The  following  table  summarizes  the  results  obtained  during  the 
year  in  regard  to  the  volume  of  water  filtered  between  scrapings, 
and  the  approximate  depths  of  sand  removed  at  each  scraping,  for 
all  filters  whose  depth  remained  practically  the  same  throughout 
their  period  of  operation. 
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Summary  of  Results  of  Scraping  Water  Filters  during  1895. 


NUMBM  OF  FlLTBJt. 


Effectlre 
Size  of 
Sand. 
(Milli- 
meters.) 


Approxi- 
mate 

Depth  of 
8and. 

(Inches.) 


Maximum 

Loss  of 

Head. 

(Inches.) 


Bate. 

(  Gallons 

per  Acre 

Daily.) 


Method 

of 

Operation. 


Average 
Depth 

or  Sand 

removed  at 

Each 

Scraping. 

(Inches.) 


Average 

Quantity  of 

Water 

filtered 

between 
Scrapings. 

(Gallons 
per  Acre.) 


SB, 

7  A, 

8  A, 
88  A, 

41.    . 

48.  . 

49,  . 


0.38 

60 

70 

3,006,000 

0.26 

24 

66 

8,760,000 

0.23 

60 

70 

8,676,000 

0.14 

66 

70 

1,080,000 

0.14 

66 

70 

1,960,000 

0.38 

66 

70 

4,280,000 

0.38 

66 

70 

8,200,000 

Intermittent 

.00 

Continuous. 

.60 

Continuous. 

.00 

Continuous. 

.30 

Intermittent. 

.87 

Continuous. 

.43 

Continuous. 

.46 

103,000,000 
75,000,000 
71,000,000 
40,000,000 
34,000,000 
90,000,000 
72,000,000 


Chemical  Purification  by  Filtration. 

All  of  the  suspended  organic  matter  in  the  applied  river  water  is 
removed  by  filtration  and  a  large  but  variable  amount  of  the  soluble 
organic  and  coloring  matters.  During  1894  the  average  removal  of 
color  was  43  per  cent.,  of  albuminoid  ammonia  55  per  cent.,  and 
of  oxygen  consumed  44  per  cent,  of  that  in  the  unfiltered  Merri- 
mack River  water.  These  results  were  better  than  those  obtained 
during  1893  and  also  better  than  the  results  obtained  during  1895, 
as  shown  by  the  following  table.  A  summary  of  this  table  shows 
that  the  filters  have  removed  during  1895,  30  per  cent,  of  the  color, 
52  per  cent,  of  the  albuminoid  ammonia  and  26  per  cent,  of  the 
oxygen  consumed  in  the  applied  river  water.  The  better  results 
obtained  upon  the  removal  of  color  and  oxygen  consumed  during 
1894  were  probably  due  to  the  fact  that  at  the  beginning  of  1894 
the  filters  were  filled  to  their  original  height  with  new  sand,  and  the 
experience  of  the  station  has  been  that  most  varieties  of  sands  have 
the  greatest  efficiency  in  regard  to  the  removal  of  color  during  the 
beginning  of  their  period  of  use  for  filtration.  The  removal  of 
albuminoid  ammonia  was  practically  the  same  as  during  1894.  The 
results  for  these  two  years  indicate  that  old  filters  are  as  efficient 
as  new  in  removing  that  organic  matter  determined  as  albuminoid 
ammonia.  With  the  applied  Merrimack  River  water,  always  con- 
taining a  considerable  percentage  of  dissolved  oxygen,  there  was 
practically  no  difference  during  the  year  between  the  results  ob- 
tained by  intermittent  as  compared  with  continuous  filtration,  and 
dissolved  oxygen  has  invariably  been  present  in  the  effluents  of  the 
various  filters,  with  the  exception  of  the  effluent  of  Filter  No.  48, 
during  a  portion  of  September.  This  filter  was  operating  at  this 
time  at  a  rate  of  10,000,000  gallons  per  acre  daily. 
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The  Water  taken  from  the  Merrimack  River  and  applied  to  the 

Experimental  Filters. 

All  the  water  applied  to  the  filters  daring  1895  has  been  Merri- 
mack River  water,  taken  from  the  Essex  Company's  canal.  During 
a  large  part  of  the  year  an  abundant  supply  was  obtained  through  a 
12-inch  iron  pipe  connected  with  the  locks  at  the  foot  of  the  canal. 
This  pipe  is  above  the  ground  and  cannot  be  used  during  winter 
weather,  and  for  this  reason  our  supply  of  water  is  more  limited 
during  cold  weather,  when  we  are  dependent  upon  the  water  ob- 
tained through  a  4-inch  pipe  from  the  same  canal. 

The  results  of  the  analyses  of  the  water  as  it  flows  upon  the  filters 
at  the  station  are  given  in  the  next  two  tables ;  the  first  giving  the 
average  daily  results  of  two  or  more  bacterial  determinations  and 
the  second  giving  the  monthly  averages  of  the  chemical  analyses. 
With  the  latter  table  are  given  the  results  of  bacterial  analyses  of 
samples  taken  at  the  same  time  that  the  samples  for  chemical  analy- 
sis were  taken.  Their  average  is  of  course  not  identical  with  the 
average  results  of  the  preceding  table. 
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Monthly  Averages  of  Analyses  of  Canai^Waler  (Merrimack  Rivtr). 
[PtriM  p*r  iM.ooo.] 


Solids  in  the  River  Water  during  a  Freshet. 

The  following  table  records  the  solids  in  the  water  of  the  Merri- 
mack River  in  April,  1895,  during  a  period  of  severe  freshet.  The 
river  water  was  very  turbid,  caused  by  a  large  amount  of  silt  in  sus- 
pension in  it.  The  rapidity  with  which  tbis  silt  settles  is  shown  by 
the  determinations  of  the  solids,  as  given  in  the  table,  after  the  water 
had  been  allowed  to  stand  in  a  gallon  bottle  for  twenty-four  hours, 
and  also  by  allowing  the  water  to  stand  in  a  6-foot  tube  for  different 
periods,  as  given  in  the  table. 

The  total  solids  in  the  water  on  April  16  were  111  parts  per 
100,000  parts,  and  samples  were  taken  from  the  river  daily  until 
April  25,  when  the  water  had  returned  to  very  nearly  its  normal 
condition. 
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Solids  in  Merrimack  River  Water  during  the  Freshet  of  April,  1895. 


Datb 
or 

8AMPLK. 


Portion  of 
Sample  Taken. 


Time 
of  Settling 

before 
Determi- 
nation. 


April 


1M 

16,  < 

IT, 
18, 

». 

20, 

22, 

28, 
24, 

25, 


Sample  atood  twenty-four  hoare  in  a  gal- 
lon bottle,  and  was  then  divided  Into 
three  portlona  by  means  of  a  syphon. 


Sample  poured  into  a  tube  6  feet  high, 
2|  Inches  diameter  and  allowed  to  set- 
tle.   Portions  syphoned  off  as  desired . 


Determinations  made 

sample  was  taken. 
Determinations  made 

sample  was  taken. 
Determinations  made 

sample  was  taken. 
Determinations  made 

sample  was  taken. 
Determinations  made 

sample  was  taken. 
Determinations  made 

sample  was  taken. 
Determinations  made 

sample  was  taken. 
Determinations  made 

sample  was  taken. 


immediately  after 
immediately  after 
immediately  after 
Immediately  after 
immediately  after 
immediately  after 
immediately  after 
immediately  after 


t  Upper  3d. 
>  Middle  8d. 
I  Lower  3d. 

(  Upper  foot. 

Upper  foot, 
j  3d  foot. 
]  3d  foot. 

6th  foot. 
1 5th  foot. 


Hours. 
24 
24 
24 

6 
24 

6 
24 

0 
24 


Parts  peb  100,000. 


l0»    I  Fixed 
IgnldonJ8011*- 


18.35  ! 
7.55 
307.45  ; 

8.80  ' 
8.30  ' 
9.80  | 
8.80  I 
10.40  ; 
8.20  < 

45.20 

16.20 

11.10 

7.80 

7.40 

i 

0.00 
5.30 
4.50 


2.26 

3.70 

11.10  j 

1.30  I 
1.00  I 
2.20  i 
2.40  l 
2.70  . 

2.50  ' 

i 

8.20  ' 
3.80 
2.70 
1.40 
2.40  ' 


1.60 


1.30  l 

i 

0.S0  : 


16.10 

3.85 

296.35 

7.50 
6.40 
7.60 
5.90 
7.70 
6.70 

37.00 

12.40 

8.40 

6.40 

6.00 

6.30 

4.00 

3.70 


Application  of  Bacillus  Prodigiosus. 

Bacillus  prodigiosus  has  been  applied,  together  with  the  river 
water  from  the  canal,  to  filters  3  B,  7  A,  8  A,  43,  44,  45,  48,  49,  62, 
63  and  64  at  different  periods  from  March  to  November.  The  gen- 
eral plan  of  the  experiments  has  been  the  same  as  in  previous  years 
(see  annual  report  of  the  Board  for  1892,  page  529),  except  that 
the  germ  has  been  applied  in  smaller  numbers.  A  pure  culture  of 
B.  prodigiosus  has  been  obtained  by  inoculation  and  growth  for 
four  days  at  20°  C.  in  a  solution  of  one-tenth  per  cent,  peptone  and 
two-tenths  per  cent,  glucose  in  city  water.  This  mixture  has  been 
applied  to  the  filters  in  the  proportion  of  1  part  mixture  to  170,000 
parts  of  water,  at  intervals  of  one  hour  for  ten  hours  a  day  and  six 
days  in  a  week. 

Numerous  examinations  have  been  made  at  frequent  intervals  to 
determine  whether  or  not  this  germ  passed  through  the  filters. 

In  order  to  strengthen  the  regular  method  of  determination  a  num- 
ber of  tests  were  made  (by  using  a  large  roll-tube)  by  which  50 
cubic  centimeters  of  effluent  could  be  examined  at  a  time.  It  is 
interesting  to  note  that  in  no  single  instance  in  which  the  effluent 
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of  Filter  No.  8  A  was  examined  by  this  method  did  a  single  B.  pro- 
digiosus appear. 

In  the  next  table  are  given  the  average  numbers  of  B.  prodigiosus 
per  cubic  centimeter  in  the  applied  water  for  ten  hours  during  each 
day  that  this  germ  was  applied  to  the  filters. 


Average  Number  per  Cubic  Centimeter  of  Bacillus  Prodigiosus  in  Applied  River 

Water  for  Ten  Hours  Daily,  1895. 


Dat  or  Month. 

1,        .       .       . 

2 

3 

4,         . 

5 

6 

7 

8 

0 

10 

11 

12,  .        .        .        . 

13,  .        .        .        . 

14,  . 

15 

16 

IV     ...     . 

18 

10 

20 

21 

22,        .        .       .       . 

28 

24 

26 

26 

27 

,28 

20 

80 

81 


March. 


April. 


May. 


Jane. 


July. 


Aig. 


8epU 


Oct. 


Nov. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

617 

500 

070 

1,882 

870 

247 

0 

400 

1,047 

618 

060 

1,470 

776 

0 

804 

1,000 

0 

0 

806 

882 

0 


668 

647 

641 

088 

020 

0 

0 

318 

636 

224 

0 

182 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 
0 
0 
0 
0 
1,166 
847 
1,235 
1,000 
563 
406 
0 
435 
600 
0 
400 
620 
0 
0 
663 
706 
766 
766 
0 
576 
0 
412 
382 
647 
253 
1,863 


1,688 

0 
400 
600 
620 
435 
871 
800 

0 
235 
371 
418 
520 
806 
504 

0 
441 
400 
406 
424 
471 
282 

0 
636 
824 
688 
412 
847 
612 
0 


I 


404 
847 
347 

0 
400 
441 

0 
365 
347 
350 
420 
876 
300 

0 
868 
465 
418 
420 
804 
204 

0 
400 
241 
600 
676 
624 
676 

0 
206 
635 
550 


485 
486 
882 

0 
812 
871 
476 
647 
400 
335 

0 
476 
420 
382 
482 
435 
271 

0 
404 
488 
406 
485 
288 
400 

0 
660 
471 
850 
376 
441 
406 


0 
847 
424 
400 
435 
804 
882 

0 
400 
471 
620 
706 
286 
471 

0 
206 

0 
871 
818 

0 
660 

0 
420 
841 
176 
282 
288 
850 

0 
271 


876 
376 
288 
224 
706 

0 
565 
329 
288 
229 
288 
859 

0 
347 
841 
450 
353 
294 
294 

0 
366 
312 
318 
800 
188 
812 

0 
441 
460 
466 
412 


818 

418 

0 

847 

366 

382 

465 

318 

806 

0 

841 

841 

300 

318 

412 

0 

0 

685 

600 

418 

418 

420 

276 

0 

847 

204 

360 

0 

0 

0 
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Detailed  Account  op  the  Work  of  the  Seyeral  Water 

Filters  in  1895. 

The  remainder  of  this  report  upon  water  filtration  contains  a  brief 
account  of  the  construction  and  operation  of  each  filter,  the  average 
results  of  daily  bacterial  analyses  and  the  monthly  averages  of  chem- 
ical analyses,  together  with  the  average  bacterial  results  of  samples 
taken  at  the  same  time  the  samples  for  chemical  analyses  were  taken. 
The  daily  bacterial  results  are  made  up  by  averaging  the  results  of 
several  daily  analyses  in  the  case  of  filters  Nos.  3  B,  7  A  and  8  A. 

All  the  in-door  filters  were,  for  reasons  previously  given,  not  oper- 
ated from  Dec.  1,  1894,  until  the  spring  of  1895,  and  all  the  filters 
were  at  times  subjected  to  treatment  not  necessarily  a  part  of  filtra- 
tion. 

Filter  No.  3B. 

This  intermittent  filter  was  started  Sept.  23,  1893,  and  contained 
60  inches  in  depth  of  sand  of  an  effective  size  of  0.23  millimeter. 
The  history  of  this  filter  up  to  Jan.  1,  1895,  has  been  published  in 
the  annual  reports  of  the  Board.  Its  history  during  1895  contained 
the  following  principal  points. 

In  order  to  prevent  the  upper  layers  of  sand  from  freezing  during 
the  period  of  intermittent  operation,  the  gate  in  the  canal  water  pipe 
was  closed  at  5  a.m.  As  a  result  of  this  procedure  the  surface  of 
the  sand  became  and  remained  uncovered  for  two  hours  during:  the 
warmest  part  of  the  day.  From  Dec.  29,  1894,  to  March  8,  1895, 
the  prescribed  rate  of  filtration  was  1,500,000  gallons  per  acre  daily. 
On  March  11  this  rate  was  increased  to  5,000,000  gallons.  The 
filter  continued  in  operation  at  this  rate  until  November  24,  when 
the  rate  was  decreased  to  1,500,000  gallons  per  acre  daily.  On 
Sundays  and  on  days  following  scrapings  the  filter  ran  continuously. 
As  the  water  in  the  feed-pipe  froze,  the  gate  on  the  outlet  was  closed 
and  the  surface  of  the  sand  remained  uncovered  with  wTater  from 
February  6  to  13.  High  water  in  the  river  made  it  necessary  to 
shut  the  valve  again  from  April  11  to  13,  and  from  April  14  to  19, 
though  the  surface  of  the  sand  was  covered  with  water.  The  river 
silt  was  scraped  from  the  surface  April  20,  and  city  water  applied 
slowly  from  below  on  the  2 2d.     After  the  surface  became  covered 
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the  filter  was  allowed  to  stand  full  of  water  for  forty-eight  hours, 
and  started  at  the  usual  rate  April  28.  On  account  of  low  water  in 
the  canal  the  gate  on  the  outlet  remained  closed,  and  the  surface  of 
the  sand  covered  with  water  on  the  following  dates :  March  10,  30, 
April  27,  May  5,  June  8,  16,  23,  July  6, 13,  21,  25,  August  3,  Sep- 
tember 22,  28  and  November  23,  for  periods  varying  from  twelve 
to  thirty-six  hours. 

A  short  trap  was  attached  to  the  outlet,  but  the  lower  foot  of  sand 
was  not  saturated.  In  order  to  remove  clogging  the  filter  was  filled 
with  city  water  from  below  on  December  26,  and  the  surface  was 
raked  to  a  depth  of  1  inch  on  January  8.  To  remove  clogging  more 
efficiently  the  filter  was  scraped  as  follows :  1  inch  of  sand  was 
removed  on  March  9  and  26 ;  J  inch  (approximately)  of  sand  was 
removed  on  June  25,  July  31,  August  26,  October  1,  16,  23,  Nov- 
ember 7  and  18.  After  scraping,  the  filter  was,  on  each  occasion, 
raked  to  a  depth  of  1  inch,  except  on  October  23,  when  it  was  spaded 
to  a  depth  of  6  inches.  On  March  29  the  filter  was  restored  to  its 
original  height  with  new  sand,  after  scraping.  Before  applying 
canal  water  the  filter  was  filled  with  city  (filtered)  water  slowly  from 
below  after  scraping  and  allowed  to  stand  for  several  hours. 

A  solution  seeded  with  Bacillus  prodigiosus  was  mixed  with  the 
applied  canal  water,  in  the  ratio  of  1  part  to  170,000  parts,  for  ten 
hours  a  day,  from  March  11  to  April  10,  and  from  September  2  to 
November  21.  Four  samples  of  effluent  collected  at  different  hours 
each  day  (excepting  Sunday)  have  been  analyzed.  Averages  of 
these  analyses,  calculated  for  twenty-four-hour  periods,  are  given 
in  the  following  table  :  — 
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Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  3  B,  1895. 
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No.  34.]  FILTRATION  OP  WATER. 

Monthly  Averages  of  Analyses  of  EJfluent  of  Filter  No.  3  B. 

{Parte  per  100,000.] 


Filter  jlfo.  7 A. 

This  continuous  filter  was  started  July  20,  1894,  and  contained 
24  inches  in  depth  of  sand  of  an  effective  size  of  0.26  millimeter. 
Its  history  for  the  year  1894  has  been  published  in  the  annual  report 
of  the  Board.  The  principal  features  in  the  history  of  the  filter 
during  1895  are  as  follows:  — 

After  draining,  the  filter  went  out  of  operation  for  the  winter  on 
December  28,  1894.  On  March  24,  1895,  it  was  filled  slowly  from 
below  with  city  (filtered)  water  and  allowed  to  stand  for  thirty-six 
hours.  March  26  the  filter  began  to  filter  canal  water  continuously 
at  a  prescribed  rate  of  2,000,000  gallons  per  acre  daily.  This  rate 
was  increased  permanently,  on  May  1,  to  5,000,000  gallons.  July 
1,  for  a  period  of  sixteen  hours,  the  filter  ran  at  a  rate  of  5,250,000 
gallons.  A  trap  was  attached  to  the  filter  so  that  the  point  of  deliv- 
ery was  nearly  opposite  to  the  outlet.  Owing  to  high  water  the 
gate  on  the  outlet  remained  closed  from  April  10  to  13,  and  the 
surface  of  the  sand  covered  with  water.     The  gate  was  opened  April 
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13  and  remained  open  for  thirty-four  hours,  but  was  closed  again  in 
consequence  of  high  water.  On  April  19  the  gate  was  opened  and 
the  filter  allowed  to  drain  until  the  24th.  Several  inches  of  river  silt 
were  scraped  from  the  surface  on  the  20th.  City  (filtered)  water 
was  applied  slowly  from  below  on  April  24,  until  it  covered  the 
surface  of  the  sand.  Having  stood  full  of  water  over  night,  the 
filter  again  went  into  operation  on  ApriJ  25  at  the  prescribed  rate 
(5,000,000  gallons  per  acre  daily).  In  consequence  of  low  water 
in  the  canal  the  gate  on  the  outlet  remained  closed,  and  the  surface 
of  the  sand  covered  with  water,  for  periods  varying  from  eight  to 
twenty-seven  hours,  on  the  following  dates :  March  30,  April  27, 
May  5,  June  8,  16,  23,  July  6,  13,  21,  August  3  and  Novem- 
ber 23. 

In  order  to  remove  clogging  at  the  surface,  one-half  an  inch 
(approximately)  of  sand  was  removed  from  the  surface  of  the  filter 
by  scraping  on  May  16,  June  4,  26,  July  17,  August  7,  27,  Septem- 
ber 7,  26,  October  12,  23,  November  12  and  23.  After  scraping, 
the  filter  was  raked  to  a  depth  of  1  inch,  and  then  filled  slowly  with 
city  (filtered)  water  from  below.  After  filling  with  city  water  and 
before  turning  on  the  canal  water  the  filter  was  allowed  to  stand  for 
a  period  varing  from  eight  to  eighteen  hours.  Attention  is  called 
to  the  fact  that  this  filter  was  scraped  frequently  to  remove  clogging 
during  1895,  instead  of  being  simply  raked,  as  in  1894.  After 
draining,  the  filter  went  out  of  operation  November  25. 

To  test  the  bacterial  efficiency  of  the  filter  four  samples  of  effluent 
have  been  collected  daily  at  different  hours  (Sundays  excepted)  and 
analyzed.  Averages  of  these  hourly  samples,  calculated  for  the 
whole  period  of  twenty-four  hours,  are  given  in  the  record  of  daily 
analyses  in  the  following  table.  A  solution  seeded  with  Bacillus 
prodigiosus  was  applied  to  the  filter  in  the  ratio  of  1  part  to  170,000 
of  the  applied  canal  water  from  August  20  to  November  19.  A  few 
of  these  organisms  appeared  in  the  effluent  occasionally,  as  indicated 
in  the  table. 
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Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  7  A%  1895. 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  7  A. 

[PirU  per  100,000.] 


Filler  No.  8 A. 

This  continuous  filter  was  started  Sept.  26, 1893,  and  contained  GO 
inches  in  depth  of  sand  of  an  effective  size  of  0.23  millimeter.  The 
history  of  this  filter  up  to  Jan.  1,  1895,  has  been  published  in  pre* 
vious  reports  of  the  Board.  The  principal  features  in  its  history 
during  1895  are  presented  in  the  following  paragraphs. 

From  Dec.  29,  1894,  to  March  11,  1895,  the  prescribed  rate  of 
filtration  was  1,500,000  gallons  per  acre  daily.  On  March  12  the 
rate  was  increased  to  5,000,000  gallons.  The  filter  continued  in 
operation  at  this  rate  until  November  25,  when  the  rate  was  decreased 
to  2,000,000  gallons  per  acre  daily.  A  trap  was  attached  to  the 
outlet.  On  January  31  the  feed-pipe  froze,  and  the  filter  remained 
out  of  service,  with  the  surface  of  the  sand  uncovered  with  water, 
from  February  1  to  6.  On  the  7th,  city  (filtered)  water  was  applied 
from  below  until  the  surface  became  covered.  After  standing  full 
of  water  over  night  the  filter  was  started  February  8.  Owing  to 
high  water  in  the  river  the  filter  remained  out  of  regular  service 
from  April  10  to  13,  the  surface  of  the  sand  being  covered  with 
water.  The  outlet  was  opened  on  the  13th  and  remained  open 
for  thirty-four  hours.     The  filter  was  drained  on  the  19th;  the  river 
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silt  was  removed  on  the  20th  ;  city  water  applied  from  below  on  the 
21st  until  the  surface  was  covered  and  the  filter  was  then  allowed 
to  rest  until  the  26th.  In  consequence  of  low  water  in  the  canal  the 
gate  on  the  outlet  remained  closed  and  the  surface  covered  with 
water  on  March  30,  April  27,  May  5,  June  8,  16,  23,  July  6,  13, 
21,  25,  August  3,  28,  September  23,  28  and  November  22,  for 
periods  varying  from  eight  to  thirty-six  hours. 

In  order  to  remove  clogging,  1  inch  of  sand  was  scraped  from  the 
surface  of  the  filter  on  January  25,  March  11  and  27. 

After  scraping  on  March  27  the  filter  was  restored  to  its  original 
depth  with  fresh  sand.  One-half  an  inch  (approximately)  of  sand 
was  removed  by  scraping  on  May  9,  23,  June  11,  29,  July  16,  Au- 
gust 2,  20,  September  2,  18,  October  4,  17,  28,  November  12  and 
December  18.  After  scraping,  the  filter  was  raked  1  inch  deep, 
filled  slowly  with  city  (filtered)  water  from  below,  and  allowed  to 
stand  with  the  surface  covered  by  water,  for  periods  varying  from 
nine  to  thirty-four  hours.  On  May  9,  for  purposes  of  experiment, 
the  filter  was  filled  with  canal  water  from  above  after  scraping.  As 
the  surface  was  found  to  be  uncovered  on  February  1,6,  September 
22  and  December  16,  city  water  was  applied  from  below  and  the 
filter  allowed  to  stand  full  of  water  for  several  hours.  On  Novem- 
ber 10  the  surface  of  the  filter  was  spaded  6  inches  deep. 

A  solution  seeded  with  Bacillus  prodigiosus  was  mixed  with  the 
applied  canal  water  in  the  ratio  of  1  to  170,000  parts  for  ten  hours 
a  day  (excepting  Sundays)  from  March  11  to  April  10  and  from 
May  6  to  November  19 ;  and  in  the  proportion  of  1  part  to  85,000 
parts  from  November  21  to  December  1.  Several  samples  were 
collected  for  bacterial  analyses  daily  (excepting  Sundays)  from  the 
effluent.  Averages  of  these  determinations,  calculated  for  twenty- 
four-hour  periods,  will  be  found  in  the  record  of  daily  analyses  in 
the  following  table  :  — 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  8  A. 

[P»ri»  per  100,900,] 


Fitter  JVo.  18  A. 

This  intermittent  niter,  20  inches  in  diameter,  was  started  Sept. 
17,  1889,  and  contained  62  inches  in  depth  of  sand  of  an,  effective 
size  of  0.48  millimeter.  The  history  of  this  filter  up  to  Dec.  31, 
1894,  has  been  published  in  previous  reports  of  the  Board.  The 
principal  points  in  its  history  during  1895  are  as  follows :  — 

From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  oper- 
ated. On  May  1,  after  having  been  filled  slowly  from  below  with 
city  (filtered)  water,  it  was  put  in  operation  at  a  prescribed  rate  of 
5,700,000  gallons  per  acre  daily.  The  depth  of  sand  in  the  filter  was 
59  inches.  The  period  of  intermittent  operation  was  arranged  in 
such  a  manner  that  the  surface  remained  uncovered  for  two  hours  dur- 
ing the  day,  excepting  on  Sundays,  when  the  filter  ran  continuously. 
A  trap  was  attached  to  the  outlet  in  such  a  manner  that  the  point  of 
discharge  was  a  little  below  the  outlet  and  the  lower  layers  of  the 
filter  were  not  kept  saturated.  Owing  to  a  stoppage  in  the  canal 
water  pipe  the  surface  of  the  filter  was  found  to  be  uncovered,  and  no 
effluent  running,  on  May  25,  June  17  and  July  26.  In  consequence 
of  low  water  the  filter  was  not  in  operation  from  fifteen  to  twenty 
hours  on  June  8,  July  6,  13,  August  3,  September  22  and  28.  Dur- 
ing these  period*  the  surface  of  the  sand  remained  covered  with  water. 
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In  order  to  remove  clogging,  the  filter  was  scraped  as  follows : 
June  24,  0.63  incb  in  depth  of  sand  was  removed ;  August  16,  0.57 
inch ;  August  31  enough  sand  was  removed  to  reduce  the  total  depth 
of  filtering  material  to  3  feet ;  November  5,  0.73  inch.  This  filter 
was  not  raked  and  filled  with  city  water  from  below,  as  in  the 
case  of  No.  3B,  but,  as  in  the  cases  of  the  other  small  filters, 
canal  water  was  applied  from  above  after  scraping.  On  September 
13  the  rate  of  filtration  was  fluctuated  by  closing  the  gate  in  the 
outlet  for  a  minute  and  then  opening  it  quickly  to  the  usual  point. 
On  November  2  and  22  the  rate  was  fluctuated  by  throwing  the  gate 
wide  open  for  one  minute  and  then  reducing  the  rate  quickly  to  the 
original  rate. 

A  solution  seeded  with  Bacillus  prodigiosus  was  mixed  with  the 
applied  canal  water,  in  the  ratio  of  1  part  to  170,000  parts,  for  ten 
hours  a  day,  from  November  19  to  23.  Samples  of  the  effluent 
were  analyzed  daily  (excepting  Sundays  and  on  certain  other  occa- 
sions), and  the  record  of  these  daily  bacterial  analyses  will  be  found 
in  the  following  table  :  — 
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Monlhiy  Averages  of  Analysts  of  Effluent  of  Filler  No.  ISA. 
[P»ru  par  100,000.] 


Filter  JVo.  33  A. 

This  continuous  filter  was  started  April  28,  1892,  and  contained 
60  inches  in  depth  of  sand  of  an  effective  size  of  0.14  millimeter. 
The  history  of  the  filter  up  to  Dec.  31,  1894,  has  been  published  in 
previous  reports  of  the  Board.  The  principal  points  for  the  year 
1895  are  aa  follows  :  — 

From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  in 
operation.  On  May  1,  1895,  with  a  depth  of  sand  of  58  inches, 
after  having  been  filled  slowly  with  city  (filtered)  water  from  below, 
the  filter  was  put  in  operation  at  a  prescribed  rate  of  2,000,000 
gallons  per  acre  daily.  A  trap  was  attached  to  the  outlet.  Owing 
to  low  water  in  the  canal  the  filter  was  not  in  operation  from  twenty- 
four  to  thirty-nine  hours  on  June  8,  July  6,  13,  August  3,  September 
22  and  28.  For  purposes  of  experiment  the  gate  on  the  outlet  pipe 
was  closed  for  one  minute  and  then  opened  to  the  original  point  on 
September  13,  October  3  and  4.  On  October  10  the  gate  was 
thrown  wide  open  for  one  minute  and  then  closed  to  the  usual  point. 
The  surface  of  the  filter  was  scraped  to  remove  clogging  as  follows  : 
on  June  24,  0.27  inch  in  depth  of  sand  was  removed  from  the  sur- 
face; July  6,  0.24  inch;  July  31,  0.26  inch;  August  16,  0.29  inch; 
August  30,  0.30  inch;  September  21,  0.39  inch;  October  11,  0.27 
inch  ;  October  24,  0.39  inch  ;  and  Novemlrer  19,  0.33  inch.  After 
scraping,  (his  filter  was  raked  and  filled  with  canal  water  from  above 
and  put  in  operation  at  once.  A  record  of  the  daily  (excepting 
Sundays)  bacterial  analyses  will  be  found  in  the  following  table  :  — 
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Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter  No. 

33  A,  1895. 


DAT. 
1 

2 

8 

4 

6 

« 

7. 

8 

9, 

10 

11 • 

12 

18 

14 

16 

16, 

17 

18 

19 

20, 

21 

22 

23 

24 

26 

26 

27 

28, 

» 

30 

31 


Maj. 


June. 


July. 


August.  'September.:  October.    November. 


210 

136 

70 

48 

22 
44 
47 
46 
88 
24 

26 
28 
28 
82 

61 
11 

74 
660 

31 

31 
480 

26 

80 
84 
32 
86 
46 


86 

18 
81 
80 
36 
270 
20 

280 
68 
80 
84 
44 


67 
400 

60 

82 
117 

62 


40 
18 
21 

76 
87 

26 
6 

260 

72 

293 

146 


160 

68 

- 

62 

98 

162 

36 

12S 

120 

u 

77 

01 

34 

- 

29 

30 

34 
27 
31 
31 
21 

16 

18 
31 


89 
19 
47 

76 
84 
74 
44 
46 
18 

19 
28 
32 
34 
27 
26 

40 
10 
43 
46 
41 
38 

64 
38 
22 
16 
18 
4 


26 

26 

124 

66 


19 
21 
24 
16 
80 


14 
6 

12 
79 
63 
90 

164 
41 

SO 

26 


17 

1,610 

1,260 

340 

120 
168 

826 

47 

112 

87 
27 

36 
66 


32 
20 

61 
27 


34 
6 


20 


34 


23 
36 

8 

46 


57 
19 


16 


27 


No.  34.]  FILTRATION  OF  WATER, 

Monthly  Averages  of  Analyse*  of  Effluent  of  Filler  No.  33  A. 

[P»rt»  per  100,000.] 


Filler  No.  38. 

This  continuous  filter  was  started  on  April  28,  1892,  and  con- 
tained 24  inches  in  depth  of  aand  of  an  effective  size  of  0.20  milli- 
meter. The  history  of  the  filter  up  to  Dec.  81,  1894,  has  been 
published  in  previous  reports  of  the  Board.  The  principal  points 
in  its  history  during  1895  are  as  follows :  — 

The  depth  of  sand  in  the  filter  on  Jan.  1,  1895,  was  18  inches. 
From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  in  opera- 
tion. On  May  1,  1895,  after  having  been  filled  slowly  with  city 
(filtered)  water  from  below,  the  filter  was  put  in  operation  at  a  pre- 
scribed rate  of  1,000,000  gallons  per  acre  daily.  A  trap  was 
attached  to  the  outlet.  Owing  to  low  water  in  the  canal  the  filter 
was  not  in  operation,  for  periods  varying  from  thirty-four  to  thirty- 
nine  hoars,  on  June  8,  July  6,  13  and  August  3.  The  filter  was 
allowed  to  stand  full  of  water  during  these  periods.  Id  order  to 
remove  clogging  the  surface  of  the  filter  was  scraped  aa  follows : 
on  July  31,  0.31  inch  of  sand  was  removed,  and  on  August  21,  1 
inch  of  sand  was  removed  to  show  the  effect  of  deep  scraping. 
After  scraping,  the  filter  was  not  raked,  but  filled  with  canal  water 
from  above  and  put  into  operation  at  once.  A  sample  of  the  effluent 
was  collected  daily  (excepting  Sundays)  for  bacterial  analysis  and 
the  results  are  recorded  in  the  following  table :  — 
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Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  38, 1895. 


DAT. 


1. 

2, 
8, 
4, 
5, 
0. 
7, 
8, 
9, 
10, 

12, 
13, 

14, 
15, 

16, 

18, 
19. 
20, 

21, 
22, 
28, 
24, 

25, 
26, 
27, 
28, 
29, 
30, 
31, 


Mty. 

2,450 
960 
127 
168 

176 


70 

68 

108 

88 
44 

32 
35 
22 
22 

60 
20 
18 
45 
350 
25 

44 

34 
21 
16 
23 


June. 
18 

70 
17 
47 
26 
19 
40 

240 

138 

18 

85 

350 

80 

32 
27 
286 
81 
35 
90 

110 
50 
59 
58 

104 
73 


July. 

29 
25 
28 

21 
23 

68 
62 
72 
150 
175 
72 

320 

80 

156 

101 

45 

68 

40 
40 
47 
50 
35 
82 

18 

22 

210 


Anfust 

75 
29 
26 

105 
6 

17 
8 

19 
9 

34 

17 
18 
16 
23 
24 

18 
40 
75 
30 
21 
14 

41 

14 
24 


No.  34.]  FILTRATION  OF  WATER. 

Monthly  Averages  of  Analyse*  of  Effluent  of  Fitter  No.  i 

[Pud  par  100,000.} 


Filter  No..  41. 

This  intermittent  filter  was  started  on  May  9,  1892,  and  contained 
60  inches  in  depth  of  sand  of  an  effective  size  of  0.14  millimeter. 
Its  history  up  to  Dec.  31,  1894,  haa  been  published  in  previous 
reports  of  tho  Board.  The  principal  points  in  its  history  during 
1895  are  as  follows: — 

The  depth  of  sand  on  Jan.  1, 1895,  amounted  to  58  inches.  From 
Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  in  operation. 
On  May  1,  1895,  after  having  been  filled  slowly  with  city  (filtered) 
water  from  below,  the  filter  was  put  in  operation,  filtering  canal  water 
at  a  rate  of  2,000,000  gallons  per  acre  daily.  From  that  date  until 
November  23  the  surface  remained  uncovered  for  two  hours  during 
each  day,  excepting  Sundays,  when  the  filter  ran  continuously.  A 
trap  attached  to  the  outlet  prevented  air  from  passing  into  the  filter  at 
that  point.  Owing  to  low  water  in  the  canal  the  gate  on  the  outlet 
remained  closed  and  the  surface  of  the  sand  covered  with  water  on 
June  8,  July  6,  13  and  August  3,  for  periods  varying  from  thirty- 
three  to  thirty-nine  hours.  The  surface  of  the  filter  was  scraped  in 
order  to  remove  clogging  as  follows :  on  June  4,  0.38  inch  of  sand  was 
removed ;  on  June  18,  0.23  inch ;  on  June  27,  0.33  inch ;  on  July 
10,  0.43  inch  ;  on  July  22,  0.37  inch ;  on  July  30,  0.45  inch  ;  and 
on  August  16,  0.39  inch.  After  scraping,  the  filter  was  not  raked 
nor  filled  with  city  filtered  water  from  below,  but  canal  water  was 
applied  at  the  surface.  A  record  of  daily  (excepting  Sundays)  bac- 
terial analyses  of  the  effluent  will  be  found  in  the  following  table  :  — 
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Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  41,  1895. 


DAT. 
1 

2 

8,        .        .        .        . 

4 

5 

« 

7 

8 

» 

10 

11 

13,  ...       . 
18,       ...        . 

14,  ...        . 

15,  ...        . 

1« 

17,       ...        . 
18 

W 

20 

21 

22 

23 

24,        ...        . 

25 

26,        ...        . 

27 

28 

29,        ...        . 

80 

81 


May- 


Jane. 


Jalj. 


AafftuL 


810 

860 

105 

50 

40 
SO 
22 
24 
10 


64 
23 
16 
14 
25 
11 

80 
40 
24 
15 
28 
S3 

70 
10 
17 
42 
87 


40 

23 
62 
20 
22 
14 
83 

6 

24 

15 

284 

0 
28 

25 
82 
56 
36 
14 
82 

34 
167 
32 
12 
42 
87 


60 
20 
84 

7 
14 

0 
64 
25 
17 
22 
22 

21 
11 

7 
35 
20 
14 

20 
32 
£7 
27 
13 
12 

37 

18 

0 


20 

7 

11 

12 
13 

6 

7 

8 
13 

84 

18 
81 
SO 
6 
10 

7 
7 

20 
14 

4 
8 

18 

14 
24 
60 


No.  34.]  FILTRATION  OF  WATER. 


Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  41. 

[Purta  par  100,000.] 


Filter  No.  42. 

This  continuous  filter  was  started  Oct.  29,  1892,  and  contained 
10  inches  in  depth  of  sand  of  an  effective  size  of  0.20  millimeter. 
The  history  of  the  filter  up  to  Dec.  11,  1891,  has  been  published  in 
previous  reports  of  the  Board.  Its  history  during  1895  contains 
the  following  points:  — 

From  Dee.  1,  1894,  to  April  30,  1895,  the  filter  was  not  in  oper- 
ation. On  May  1,  1895,  with  onlyabout  7  inches  of  fine  sand,  after 
having  been  filled  slowly  from  below  with  city  (filtered)  water,  fil- 
tration of  canal  water  at  a  prescribed  rate  of  5,000,000  gallons  per 
acre  daily  was  begun.  A  short  trap  attached  to  the  outtet  prevented 
air  from  entering  the  filter  at  that  point.  Owing  to  low  water  in  the 
canal  the  gate  at  the  outlet  remained  closed  and  the  surface  of  the  sand 
covered  with  water  on  June  8,  July  6, 13,  August  3,  and  September 
22  and  28,  for  periods  varying  from  thirty-three  to  thirty-nine  hours. 
The  filter  was  scraped  to  remove  clogging  as  follows  :  May  11,  0.27 
inch  of  sand  was  removed  ;  May  17,  0.21  inch ;  May  23,  0.32  inch  ; 
May  29,0.29  inch;  June  3,  0.30  inch;  June  21,  0.30  inch;  June 
24,  0.27  inch;  June  27,  0.21  inch;  June  29,  0,34  inch;  July  3, 
0.27  inch;  July  9,  0.29  inch;  July  13,  0.24  inch;  July  22,  0.33 
inch ;  July  26, 0.32  inch  ;  July  30, 0.24  inch ;  August  2, 0.30  inch  ; 
August  7,  0.24  inch  ;  August  13,  0.24  inch ;  August  21, 1.36  inches ; 
August  26,0.30  inch;  August  31,0.26  inch;  September  7,0.35 
inch  ;  September  13, 0.28  inch  ;  September  18, 0.24  inch ;  September 
25, 0.24  inch ;  October  1, 0.17  inch ;  October  11, 0.24  inch  ;  October 
15,0.20  inch;  October  19,  0.30  inch;  October  26,  0.26  inch; 
November  1,  0.30  inch ;  and  November  11,  0.32  inch.  The  surface 
was  not  raked  after  scraping  and  the  filter  was  usually  filled  with 
canal  water  from  above ;  but  on  October  1  city  water  was  applied 
from  below. 
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This,  in  conjunction  with  the  condition  produced  by  the  frequent 
scraping,  which  had  reduced  the  fine  sand  to  the  under-drains,  in- 
creased the  number  of  bacteria  in  the  effluent  from  that  time  on. 

This  is  made  evident  in  the  following  record  of  daily  (excepting 
Sundays  and  on  certain  occasions  when  a  sample  was  not  taken) 
bacterial  analyses  of  the  effluent :  — 

Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 


No.  34.]  FILTRATION  OF  WATER. 


Monthly  Averages  of  Analysts  of  Effluent  of  Filler  No.  42. 

[Puta  par  100,000.] 


Filter  No.  43. 

This  continuous  filter  was  started  on  May  30, 1893,  and  contained 
60  inches  in  depth  of  sand  of  an  effective  size  of  0.26  millimeter. 
The  history  of  the  filter  up  to  Dec.  31,  1894,  has  been  published  in 
previous  reports  of  the  Board.  Its  history  for  1895  contains  the 
following  principal  points:  — 

From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  in 
operation.  On  May  1,  1895,  with  a  depth  of  fine  sand  equal  to  57 
inches,  and  after  having  been  filled  slowly  from  below  with  city 
(filtered)  water,  the  filter  began  to  filter  canal  water  at  a  prescribed 
rate  of  5,000,000  gallons  per  acre  daily.  A  short  trap  attached 
to  the  outlet  prevented  air  from  entering  the  filter  at  that  point. 
Owing  to  low  water  in  the  canal  the  gate  on  the  outlet  remained 
closed  and  the  surface  of  the  sand  covered  with  water  on  June  8, 
July  6,  13,  August  3,  and  September  22  and  28,  for  periods  vary- 
ing from  twenty-four  to  thirty-nine  hours.  In  order  to  remove 
clogging  the  surface  was  scraped  as  follows:  on  June  19,  0.20  inch 
of  sand  was  removed ;  on  June  27,  0.60  inch ;  on  July  29,  0.38 
inch ;  on  August  1 ,  enough  saud  was  removed  to  reduce  the  total 
depth  of  filtering  material  to  36  inches ;  on  August  27,  0.53  inch ; 
on  September  9,  0.50  inch;  on  September  20,  0.45  inch;  on  Octo- 
ber 3,  0.39  inch ;  on  October  16,  0.47  inch ;  on  October  25,  0.49 
inch;  on  November  7,  0.42  inch;  on  November  19,  0.49  inch. 
The  surface  was  not  raked  after  scraping  and  the  filter  was  usu- 
ally filled  with  canal  water  from  above,  but  on  August  1,  October 
25  and  November  7,  city  (filtered)  water  was  applied  XieVrw  . 
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ThB  rate  of  filtration  was  fluctuated  as  follows :  on  September  7 
and  30  the  gate  on  the  outlet  was  closed  for  one  minute  and  then 
opened  to  the  usual  point;  on  October  7  the  gate  was  thrown  wide 
open  for  one  minute  and  then  closed  to  the  usual  point. 

A  record  of  the  daily  (excepting  Sundays  and  on  certain  other 
days)  bacterial  analyses  of  the  effluent  will  be  found  in  the  follow- 
ing table.  It  should  be  noted  that,  of  the  mixture  of  Bacillus  pro- 
digiosiia  which  was  applied  to  the  Alter  in  the  ratio  of  1  part  of 
solution  in  170,000  parts  of  applied  water,  a  few  cells  occasionally 
appeared  in  the  effluent. 

Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filler 
No.  43, 1895. 


No.  34.]  FILTRATION  OF  WATER. 


Monthly  Averages  of  Analyses  of  Effluent  of  Filler  M.  43. 
tParti  par  IOO.ooo.] 


Filter  JVo.  44. 

This  continuous  filter  was  started  May  20,  1893,  and  contained 
60  inches  in  depth  of  sand  of  an  effective  size  of  0.29  millimeter. 
The  history  of  this  filter  up  to  Dec.  31,  1894,  has  been  published  in 
previous  reports  of  the  Board.  Its  history  during  1895  contains 
the  following  principal  points  :  — 

From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  operated. 
On  May  1,  1895,  with  a  depth  of  sand  equal  to  52  inches,  after 
having  been  filled  slowly  from  below  with  city  water,  filtration  of 
canal  water  was  begun  at  a  prescribed  rate  of  7,000,000  gallons  per 
acre  daily.  A  short  trap  attached  to  the  outlet  prevented  air  from 
entering  at  that  point.  Owing  to  low  water  in  the  canal  the  gate  on 
the  outlet  remained  closed  and  the  surface  of  the  sand  covered  with 
water  on  May  5,  18,  June  8,  July  6,  13,  and  August  3,  for  periods 
varying  from  seven  to  thirty-nine  hours.  In  order  to  remove 
clogging,  the  surface  was  scraped  as  follows:  May  25,  0.40  inch  of 
sand  was  removed  ;  June  12,  0.31  inch ;  June  29,  0.48  inch  ;  June 
22,  0.22  inch;  July  5,  1.06  inches;  July  16,  0.36  inch;  July  22, 
0.26  inch:  July  26,  0.44  inch;  July  31,  0.34  inch;  on  August  1, 
enough  sand  was  removed  to  reduce  the  depth  of  filtering  material 
to  36  inches ;  on  August  21,  0.40  inch ;  on  August  28,  0.45  inch. 
The  surface  was  not  raked  after  scraping  and  the  filter  was  filled 
usually  with  canal  water  from  above,  but  on  July  31  city  (filtered) 
water  was  applied  below  until  the  surface  of  the  sand  was  covered 
with  water  before  canal  water  was  applied. 
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Bacillus  prodigiosua  mixture  was  applied  to  this  filter  from  July 
9  to  22  in  the  proportion  of  1  part  solution  in  170,000  parts  of 
applied  water.  A  record  of  the  daily  (excepting  Sundays  and 
certain  other  days)  bacterial  analyses  of  the  effluent  will  be  found 
in  the  following  table  :  — 

Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  44, 1895. 


2, 


4, 


T, 


8. 


9, 


10, 


11. 
12, 
13, 
14. 


15, 
16, 

18, 

M. 

20, 

21, 
22, 
23, 


24, 


26, 


20. 


27, 
28, 
29, 
30, 
SI, 


DAT. 


May. 


3,570 
815 
280 
240 

864 

06 

92 

06 

130 

107 

79 
60 
36 
36 
70 
86 

850 
95 
72 
85 

262 
33 

27 
41 
45 
23 
65 


Junk. 


Water 
Bacteria. 


B.  Prodlgi- 
osat. 


24 

26 
20 
35 
23 
84 
17 

66 
40 
32 
70 
76 
55 

38 
38 
95 
63 
40 
88 

72 
90 

180 
86 
74 

122 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


July. 


63 
88 
81 

88 

60 

48 
42 
60 

08 
114 

128 

110 
94 

350 
52 
64 
35 

41 
19 


August 


110 
260 
160 

104 
48 
81 


28 

21 
18 
66 
45 
29 
17 

38 

30 
27 
31 
22 


24 

31 

60 

- 

49 

38 

49 

- 

- 

41 

26 

38 

20 

- 

110 

- 

No.  34.]  FILTRATION  OF  WATER. 

Monthly  Average)  of  Analyses  of  Effluent  oj  Fitter  No.  44. 

[Part,  per  100,000.] 


Filter  JVo.  45. 

This  intermittent  filter  was  started  July  10,  1893,  and  contained 
60  inches  in  depth  of  sand  of  an  effective  size  of  0.23  millimeter. 
The  history  of  this  filter  up  to  Dec.  31,  1894,  has  been  published  in 
previous  reports  of  the  Board.  Its  history  during  1895  contains 
the  following  principal  points :  — 

From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  in  opera- 
tion. On  May  1, 1895,  with  a  depth  of  Band  of  57  inches,  after  having 
been  filled  with  city  (filtered)  water  from  below,  the  filter  began 
to  filter  canal  water  at  a  prescribed  rate  of  5,000,000  gallons  per 
acre  daily.  The  period  of  intermittent  operation  was  arranged  in 
such  a  manner  that  the  surface  of  the  sand  remained  uncovered  for 
two  hours  during  the  day,  excepting  on  Sundays,  when  the  filter  ran 
continuously.  A  trap  attached  to  the  outlet  prevented  air  from 
entering  at  that  point.  On  May  25  a  stoppage  in  the  pipe  cut  off 
the  applied  water,  and  the  surface  remained  uncovered  for  twenty- 
seven  hours.  Owing  to  low  water  in  the  canal  the  gate  on  the  out- 
let remained  closed  and  the  surface  of  the  sand  covered  with  water 
on  the  following  dates  :  May  5,  June.8,  July  6,  13,  August  3,  Sep- 
tember 22  and  28,  for  periods  varying  from  twenty-four  to  thirty- 
nine  hours.  In  order  to  remove  clogging  the  surface  was  scraped 
as  follows  :  on  May  29,  0.36  inch  of  sand  waa  removed ;  June  14, 
0.42  inch ;  June  25,  0.52  inch ;  July  5,  0.46  inch ;  July  22,  0.36 
inch;  July  29,  0.32  inch;  on  August  1,  enough  sand  was  removed 
to  reduce  the  filtering  material  to  36  inches ;  August  30,  0.60  inch  ; 
September  20,  0.60  inch;  October  15,  0.54  inch;  November  1, 
0.42  inch;  November  19,  0.44  inch.  The  surface  was  not  raked 
after  scraping,  and  the  filter  was  filled  immediately  with  canal  water 
from  above. 
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The  rate  of  filtration  web  fluctuated  as  follows  :  on  October  4  the 
gate  on  the  outlet  was  closed  for  one  minute  and  then  opened  to  the 
usual  point;  on  November  12  the  gate  was  opened  a  little  wider 
than  usual,  and  on  November  22  the  gate  was  thrown  wide  open  for 
one  minute  and  then  closed  to  the  usual  point. 

Bacillus  prodtffiosus  mixture  was  applied  to  this  filter  from  June 
22  until  November  22,  in  the  ratio  of  1  part  to  170,000  parts  of 
applied  canal  water.  The  following  table  contains  a  record  of  the 
daily  (excepting  Sundays  and  on  certain  other  occasions)  bacterial 
analyses  of  the  effluent  from  this  filter :  — 

Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 
No.  45,  1895. 


No.  34.]  FILTRATION  OF  WATER. 


Monthly  Averages  of  Analyses  of  Effluent  of  FOIer  No.  45. 

[Part*  par  100,000.] 


Filter  JVo.  46. 

This  continuous  filter  was  started  on  Aug.  21,  1893,  and  con- 
tained 12  inches  in  depth  of  sand  of  an  effective  eize  of  0.29  milli- 
meter. The  history  of  the  filter  up  to  Dec.  31,  1894,  haB  been 
published  in  previous  reports  of  the  Board.  Its  history  during 
1895  contains  the  following  principal  points :  — 

From  Dec.  1, 1894,  to  April  30,  1895,  the  filter  was  Dot  operated. 
On  May  1,  with  a  depth  of  sand  of  10  inches,  after  having  been 
filled  slowly  with  city  water  from  below,  canal  water  was  applied 
continuously  at  a  prescribed  rate  of  5,000,000  gallons  per  acre 
daily.  A  trap  attached  to  the  outlet  prevented  air  from  entering 
at  that  point.  Owing  to  low  water  in  the  canal  the  gates  on  the 
outlet  remained  closed  and  the  surface  of  the  sand  covered  with 
water  on  the  following  dates:  June  8,  July  6,  13,  and  August  3, 
for  periods  varying  from  thirty-three  to  thirty-nine  hours.  In  order 
to  remove  clogging  the  surface  was  scraped  as  follows :  on  May  23, 
0.57  inch  of  sand  was  removed;  on  June  4,  0.48  inch  ;  on  June  17, 
0.32  inch ;  on  June  22,  0.38  inch ;  on  June  26,  0.43  inch ;  on  July 
2,  0.39  inch;  on  July  10,  0.35  inch;  on  July  20,  0.47  inch;  on 
July  26,  0.35  inch;  on  July  31,  0.35  inch;  on  August  6,  0.35 
inch  ;  on  August  13,  0.41  inch ;  on  August  21,  0.38  inch ;  on  Aug- 
ust 29,  0.49  inch.  After  scraping,  the  filter  was  not  raked,  but 
canal  water  was  applied  immediately  from  above.  A  record  of 
daily  (excepting  Sundays  and  on  a  few  other  occasions)  bacteria 
analyses  will  be  found  in  the  following  table  :  — 
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Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  46, 1895. 


DAT. 
1 

K 

8 

4 

6 

6, 

7 

8 

• 

10. 

11 

12, 

18, 

14, 

18, 

16, 

IT 

18 

18 

20 

21 

M. 

28, 

24, 

26, 

2« 

2T 

28, 

» 

80 

81 


May. 


Jane. 


July. 


Angnst. 


2,170 
006 

860 
260 

187 

102 

180 

72 

64 

06 

02 
02 
40 
86 
81 
24 

85 
34 
44 

00 
80 
25 

80 
24 
110 
50 
60 


60 


84 
62 


65 

06 

120 

- 

02 

80 

68 

60 

60 

- 

62 

188 

- 

118 

166 

600 

48 

240 

06 

286 

180 

826 

127 

- 

88 

240 

- 

226 

268 

611 

100 

126 

210 

110 

228 

00 

105 

- 

042 

88 

- 

42 

103 

114 

06 

40 

130 

42 

05 

68 

170 

- 

71 

64 

- 

38 

- 

228 

04 

145 

02 

ISO 
78 

286 
00 
01 
69 

27 
06 

110 
74 
80 
10 

85 

37 

1,330 

302 

295 

224 

88 

176 
150 


No.  34.]  FILTRATION  OF  WATER. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  46. 

[P.ru  par  lM.ooa.] 


Fitter  No.  47. 

This  intermittent;  filter  was  Btarted  Sept.  9,  1893,  and  contained 
60  inches  in  depth  of  sand  of  an  effective  size  of  0.29  millimeter. 
Its  history  up  to  Dec.  31,  1894,  has  been  published  in  previous  re- 
ports of  the  Board.  The  history  of  the  filter  during  1895  contains 
the  following  principal  points :  — 

From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  in 
operation.  On  May  1,  1895,  with  a  depth  of  sand  of  51  inches, 
after  having  been  filled  slowly  from  below  with  city  water,  filtra- 
tion of  canal  water  was  begun  at  a  rate  of  7,000,000  gallons  per 
acre  daily.  The  period  of  intermittent  operation  was  arranged 
in  such  a  manner  that  the  surface  remained  uncovered  for  two 
hours  during  the  day.  A  trap  attached  to  the  outlet  of  the 
filter  prevented  air  from  entering  at  that  point.  Owing  to  low 
water  in  the  canal  the  gate  on  the  outlet  remained  closed  on  the 
following  dates:  June  8,  July  6,  13  and  August  3,  for  periods 
varying  from  thirty-three  to  thirty-nine  hours.  In  order  to  re- 
move clogging  the  surface  was  scraped  as  follows:  on  May  17, 
0.30  inch  of  sand  was  removed;  on  May  30,  0.45  inch;  June  8, 
0.35  inch;  June  19,  0.30  inch;  June  21,  0.44  inch;  June  25, 
0.37  inch;  on  June  29,  0.32  inch;  July  2,  0.31  inch;  July  6, 
0.30  inch;  July  11,  0.28  inch;  July  17,  0.29  inch;  July  24,  0.37 
inch;  July  27,  0.24  inch;  on  August  1  the  filtering  material  was 
reduced  to  36  inches  in  depth;  August  16,  0.34  inch;  August  27, 
0.48  inch.  After  scraping,  the  surface  was  not  raked,  but  canal 
water  was  applied  immediately  from  above.     On  July  29  t.kt\ta 
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was  filled  with  city  water  from  below.  A  record  of  the  daily  (ex- 
cepting Sundays  and  on  certain  other  occasions)  bacterial  analyses 
will  be  found  in  the  following  table :  — 


Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  47,  1895. 


DAT. 


May. 


Jane. 


July. 


Anfott 


It 
2. 
8. 

4. 
5. 
6. 
T, 
8, 
8. 
10, 
11, 

U, 
18, 
14, 
15. 
16, 
17, 
18, 
1«, 
», 
21, 
22, 
28, 
24, 
26, 
26, 
27, 
28, 
20, 
30, 
81, 


8,670 
460 
868 
360 

124 
148 
106 
101 
128 
80 

60 
83 
180 
42 
70 
48 

60 
36 
41 
84 

24 

67 

34 
23 
15 
35 

30 


62 

10 
44 

24 
22 
36 
60 

70 
10 
14 
112 
64 
82 

75 
40 

110 
67 
68 

140 

37 
31 
61 
74 
43 
82 


44 
31 
48 

43 
68 

28 
16 
80 

120 
06 

420 

76 
46 
300 
136 
01 
71 

34 
55 
32 
41 
35 
13 

22 
56 
29 


460 
221 
148 

07 
67 
62 
88 
28 
26 

18 
86 
40 
23 
17 
25 

14 
14 
13 
44 
27 
64 

31 

40 
4« 
55 


No.  34.]  FILTRATION  OF  WATER. 

Monthly  Average*  of  Analyses  of  Effluent  of  Filter  No.  47. 

[Put!  per  100,000.] 


Ftlter  JVo.  48. 

This  continuous  filter  was  started  Sept.  9, 1893,  and  contained  60 
inches  in  depth  of  sand  of  an  effective  size  of  0.38  millimeter.  The 
history  of  this  filter  up  to  Dec.  31,  1894,  has  been  published  in  pre- 
vious reports  of  the  Board.  Its  history  during  1895  contains  the 
following  principal  points :  — 

From  Dec.  1,  1894,  to  May  15,  1895,  the  filter  was  not  in  opera- 
tion. On  May  16, 1895,  it  was  filled  slowly  with  city  water  from  be- 
low. On  May  17,  with  a  depth  of  Band  equal  to  51  inches,  it  began 
to  filter  city  (filtered)  water  continuously  at  a  rate  of  5,000,000  gal- 
lons per  acre  daily.  On  June  17  the  city  water  was  shut  off  and 
canal  water  applied  from  that  date  until  November  23,  when  the  canal 
water  was  shut  off  and  city  (filtered)  water  again  applied  for  one  week. 
A  trap  attached  to  the  outlet  prevented  air  from  entering  the  filter 
at  that  point.  Owing  to  low  water  in  the  canal  the  gate  on  the  outlet 
remained  closed,  and  the  surface  of  the  Band  covered  with  water  on 
the  following  dates :  June  8,  July  6,  13,  August  3,  September  22 
and  28,  for  periods  varying  from  twenty-four  to  forty  hours.  In 
order  to  remove  clogging  the  surface  of  the  sand  was  scraped  as 
follows  :  July  17,  0.57  inch  of  sand  was  removed ;  August  9,  0.38 
inch  ;  August  21,  0.40  inch  ;  September  4,  0.45  inch  ;  September  16, 
0.39  inch;  September  28,  0.40  inch;  October  15,  0.44  inch;  Oc- 
tober 30,  0.68  inch  ;  November  13,  0.37  inch ;  November  19,  0.26 
inch.  After  scraping,  the  surface  was  not  raked,  and  canal  water 
was  applied  at  the  top  immediately.  November  13  the  surface  was 
dug  over  6  inches  deep,  after  scraping,  and  on  November  19,  city 
(filtered)  water  was  applied  slowly  from  below  until  the  surface  of 
the  sand  was  covered  with  water. 
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The  rate  of  filtration  was  fluctuated  as  follows  :  on  September  14 
the  gate  on  the  outlet  was  closed  for  one  minute  and  then  opened  to 
the  usual  point ;  on  October  9  the  gate  was  thrown  wide  open,  and 
on  October  16,  21,  26,  the  gate  was  opened  a  little,  wider  than  usual 
for  one  minute  and  then  closed  to  the  usual  point. 

In  order  to  test  the  bacterial  efficiency  of  the  filter  a  solution 
seeded  with  Bacillus  prodigiosus  was  mixed  with  the  applied  canal 
water  in  the  ratio  of  1  part  to  170,000  parts,  for  ten  hours  a  day, 
from  June  10  to  November  23.  A  record  of  the  daily  (excepting 
Sundays  and  on  certain  other  occasions)  bacterial  analyses  will  be 
found  in  the  following  table :  — 

Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Fitter 
No.  48, 1895. 


No.  34.]  FILTRATION  OF  WATER. 

Monthly  Averages  of  Analyse*  of  Effluent  of  Filler  No.  48. 

[Put*  per  100,000.] 


Fitter  No.  49. 

This  continuous  filter  was  started  Sept.  9,  1893,  and  contained  60 
inches  in  depth  of  sand  of  an  effective  size  of  0.38  millimeter.  The 
history  of  the  filter  up  to  Dec.  31,  1894,  bas  been  published  in  pre- 
vious reports  of  the  Board.  Its  history  during  1895  contains  the 
following  principal  points :  — 

From  Dec.  1,  1894,  to  May  15,  1895,  the  filter  was  not  in  opera- 
tion. On  May  16,  1895,  it  was  filled  slowly  from  below  with  city 
(filtered)  water  and  allowed  to  stand  over  night.  On  May  17,  with 
56  inches  in  depth  of  sand  it  began  to  filter  city  (filtered)  water 
continuously  at  a  rate  of  10,000,000  gallons  per  acre  daily.  June 
17  the  city  water  was  shut  off  and  canal  water  applied  regularly 
until  November  23,  when  the  city  water  was  turned  on  again  for 
one  week.  A  short  trap  attached  to  the  outlet  prevented  air  from 
entering  at  this  point.  The  surface  of  the  sand  became  uncovered 
on  May  21,  therefore  the  filter  was  filled  from  above,  the  gates 
closed  and  the  filter  allowed  to  rest  for  fourteen  hours.  On  account 
of  low  water  in  the  canal  the  gate  on  the  outlet  remained  closed  and 
the  surface  of  the  sand  covered  with  water  on  the  following  dates  : 
June  8,  July  6,  13,  August  3,  September  22  and  28,  for  periods 
varying  from  twenty-four  to  forty  hours.  In  order  to  remove  clog- 
ging the  surface  of  the  filter  was  scraped  as  follows :  on  June  30, 
0.45  inch  of  sand  was  removed;  July  13,  0.52  inch;  July  22, 
0.44  inch;  July  27,  0.38  inch;  July  30,  0.41  inch;  August  3, 
0.47  inch;  August  9,  0.54  inch;  August  14,  0.39  inch;  August 
21,  0.34  inch;  August  23,  0.37  inch;  September  5,  0.44  inch; 
September   9,  0.47   inch;    September   12,  0.68  inch;    September 
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35,  0.42  inch;  September  30,  0.32  inch;  October  9,  0.48  inch; 
October  11,  0.20  inch ;  October  15,  0.27  inch;  October  24,0.58 
inch;  October  30,  0.68  inch;  November  2,  0.63  inch;  November 
5,  0.68  inch;  November  9,  0.24  inch;  and  November  19,  0.30 
incb.  After  scraping,  the  filter  was  not  raked,  and  canal  water 
was  applied  above  immediately.  On  November  9  the  surface  was 
dug  over  6  inches,  and  on  November  18,  after  filling  from  above 
with  canal  water,  the  filter  stood  for  an  hoar,  after  scraping,  before 
being  put  into  operation. 

The  rate  of  filtration  was  fluctuated  as  follows :  on  September  14 
the  gate  was  opened  a  little  wider  than  usual,  and  on  October  21  the 
gate  was  thrown  wide  open  for  one  minute  and  then  closed  to  the 
usual  point.  A  solution  seeded  with  B.  prodigiosua  was  applied, 
as  in  the  case  of  Filter  No.  48. 

A  record  of  the  daily  (excepting  Sundays  and  on  certain  other 
occasions)  bacterial  analyses  will  be  found  in  the  following  table :  — 

Average  Datiy  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 
So.  49, 1895. 


No.  34.]  FILTRATION  OP  WATER. 

Monthly  Average*  of  Analyses  of  Effluent  of  Filler  No.  49. 

[PWtipn  100,000.] 


Filter  JVo.  50. 

This  continuous  filter  was  started  July  23, 1894,  and  contained  60 
inches  in  depth  of  sand  of  an  effective  size  of  0.48  millimeter.  The 
history  of  the  filter  up  to  Dec.  31,  1894,  has  been  published  in  pre- 
vious reports  of  the  Board.  Its  hiBtory  during  1895  contains  the 
following  principal  points :  — 

From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  in 
operation.  On  May  1, 1895,  with  a  depth  of  58  inches,  after  having 
been  filled  slowly  from  below  with  city  water,  this  filter  began  to 
filter  canal  water  continuously  at  a  prescribed  rate  of  5,000,000  gal- 
lons per  acre  daily.  A  trap  attached  to  the  outlet  of  the  filter  pre- 
vented air  from  entering  at  that  point.  Owing  to  a  stoppage  in  the 
feed-pipe  on  May  25,  the  surface  of  the  sand  became  uncovered,  and 
the  filter  was  not  in  operation  for  twenty-six  hours.  On  account 
of  low  water  in  the  canal  the  gate  on  the  outlet  was  closed,  though 
the  surface  remained  covered  with  water,  on  the  following  dates : 
June  8,  July  6,  13,  August  3,  September  22  and  28,  for  periods  vary- 
ing from  twenty-four  to  thirty-nine  hours.  In  order  to  remove 
clogging  the  surface  of  the  sand  was  scraped  as  follows :  on  June 
18,  0.41  inch  of  sand  was  removed;  on  July  18,  0.47  inch;  July 
27,  0.47  inch;  August  21,  0.63  inch;  on  August  31  enough  Band 
was  removed  to  reduce  the  depth  of  filtering  material  to  36  inches ; 
October  15,  0.42  inch;  November  7,  0.70  inch.  After  scraping, 
the  filter  was  not  raked,  and  canal  water  was  applied  above,  except 
on  October  15,  when  the  filter  was  filled  slowly  with  city  water  from 
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below.  On  October  7  the  rate  of  filtration  was  fluctuated  by  closing 
the  gate  on  the  outlet  for  one  minute  and  then  opening  the  gate 
abruptly  to  the  usual  point.  A  record  of  the  daily  (excepting  Sun- 
days and  on  certain  other  occasions)  bacterial  analyses  will  be  found 
in  the  following  table  :  — 


Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  50y  1895. 


DAT. 

May. 

Jane. 

July. 

August. 

September.  |  October. 

1 

1 
November. 

850 

71 

35 

87 

- 

80 

21 

1,190 

- 

37 

28 

- 

- 

- 

484 

85 

16 

30 

110 

2,648 

- 

4, 

310 

24 

- 

- 

98 

- 

16 

- 

64 

81 

60 

102 

144 

- 

455 

45 

50 

39 

68 

- 

23 

210 

50 

- 

55 

- 

76 

8 

108 

45 

62 

80 

- 

128 

63 

62 

- 

54 

27 

82 

- 

- 

148 

70 

109 

84 

64 

- 

- 

185 

53 

87 

- 

66 

-  1 

27 

- 

34 

97 

50 

47 

350 

1 

- 

91 

88 

161 

75 

- 

1 
-  1 

81 

72 

62 

- 

31 

6 

116  | 

- 

76 

62 

130 

35 

- 

420  ! 

1 

14 

55 

- 

102 

29 

9 

"  1 

- 

74 

42 

97 

18 

20 

160 

i 

- 

43 

46 

90 

- 

31 

135  i 

4$ 

- 

430 

85 

67 

90 

i 
—  i 

1 

60 

20, 

110 

84 

53 

32 

75 

-  1 

- 

80 

78 

31 

42 

t 
1 

- 

22 

70 

73 

21 

27 

- 

1 

71 

i 

- 

28, 

93 

67 

50 

170 

62  1 

1 

112 

24 

72 

85 

35 

88 

41 

1 

- 

97 

37 

52 

- 

- 

ISO 

- 

28, 

* 

122 

106 
174 

14 
24 

15 

57 

t 

28, 

55 

85 

_ 

60 
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Filter  iVo.  62. 

This  continuous  filter  was  started  Sept.  2,  1895,  and  contained  48 
inches  in  depth  of  sand  of  an  effective  size  of  0.40  millimeter.  The 
history  of  this  filter  during  1895  contains  the  following  principal 
points :  — 

The  sand  for  this  filter  was  obtained  from  the  beach  at  Plum 
Island  on  the  sea  coast  20  miles  from  Lawrence.  Canal  water  was 
applied  slowly  from  above  until  it  covered  the  surface  of  the  sand. 
The  filter  then  stood  full  of  water  for  forty-eight  hours,  and  started, 
ou  September  2,  to  filter  canal  water  continuously  at  a  prescribed 
rate  of  5,000,000  gallons  per  acre  daily.  A  trap  attached  to  the 
outlet  prevented  air  from  entering  at  this  point.  Owing  to  low  water 
in  the  canal  the  gate  on  the  outlet  remained  closed  and  the  surface 
of  the  sand  covered  with  water  on  September  22  and  28  for  twenty- 
four  and  thirty-three  hours,  respectively.  In  order  to  remove  clog- 
ging the  surface  of  the  sand  was  scraped  as  follows :  on  October  2, 
0.30  inch  of  sand  was  removed ;  October  24,  0.50  inch  ;  November 
9,  0.47  inch  ;  and  on  November  19,  0.41  inch.  After  scraping,  the 
surface  was  not  raked.  On  October  2  and  24  the  filter  was  filled 
slowly  from  below  with  city  water,  but  on  November  9  and  19  canal 
water  was  applied  above,  immediately  after  scraping. 

On  September  19  the  rate  was  fluctuated  by  closing  the  valve  ou 
the  outlet  for  one  minute  and  then  opening  the  valve  suddenly  to 
the  usual  point.     On  October  19  the  rate  was  fluctuated  by  throw- 
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ing  the  valve  wide  open  for  a  minute  and  then  closing  it  to  the 
usual  point. 

A  solution  seeded  with  B.  prodigiosus  was  mixed  with  the  applied 
canal  water  in  the  ratio  of  1  part  to  170,000,  for  ten  hours  daily, 
from  September  26  to  November  23. 

When  the  filter  went  out  of  operation  on  Nov.  23, 1895,  the  valve 
was  thrown  wide  open  and  the  sand  allowed  to  drain. 

A  record  of  the  daily  (excepting  Sundays  and  on  some  other 
occasions)  bacterial  analyses  will  be  found  in  the  following  table :  — 


Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  FUter 

No.  62, 1895. 
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Filter  No.  63. 

This  continuous  filter  was  started  Sept.  2,  1895,  and  contained 
24  inches  in  depth  of  sand  of  an  effective  size  of  0.16  millimeter. 
The  history  of  its  construction  and  operation  during  1895  is  as 
follows :  — 

After  removing  the  sand  from  Filter  No.  38,  without  disturbing 
the  under-drains,  2  feet  of  Berkshire  sand — a  white,  sharp,  pure 
quartz  sand,  such  as  is  used  in  the  manufacture  of  glass  —  was  put 
into  the  filter  dry.  Canal  water  was  then  applied  from  above  until 
the  surface  of  the  sand  was  covered.  Having  stood  full  of  water 
for  forty-six  hours  the  filter  began,  on  September  2,  to  filter  canal 
water  continuously  at  a  prescribed  rate  of  5,000,000  gallons  per 
acre  daily.  A  trap  attached  to  the  outlet  prevented  air  from  entering 
at  that  point.  Owing  to  low  water  in  the  canal  the  gate  on  the  outlet 
remained  closed,  and  the  surface  of  the  sand  covered  with  water  on 
September  22  and  28,  for  periods  varying  from  twenty-four  to 
thirty-three  hours.  On  September  21  the  filter  drained  until  the 
surface  of  the  sand  almost  became  uncovered.  In  order  to  remove 
clogging  the  surface  of  the  sand  was  scraped  as  follows :  on  Sep- 
tember 12,  0.39  inch  of  sand  was  removed;  on  September  19,  0.32 
inch;  October  2,  0.28  inch;  October  9,  0.26  inch;  October  16, 
0.36  inch;  October  19,  0.34  inch;  October  28,  0.33  inch;  Novem- 
ber 2,  0.28  inch;  November  7,  0.40  inch;  November  16,  0.49 
inch ;  November  19,  0.34  inch.  After  scraping,  the  filter  was 
not  raked,  and  canal  water  was  applied  above  immediately,  except 
on  October  9,  when  the  filter  was  filled  slowly  from  below  with 
city  water.  On  November  9  the  rate  was  fluctuated  by  opening  the 
faucet  for  one  minute,  so  that  the  normal  rate  was  doubled. 


568  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

A  solution  seeded  with  B.  prodigiosua  was  mixed  with  the  applied 
canal  water  in  the  proportion  of  1  part  to  170,000,  for  10  hoars 
a  day  (excepting  Sundays  and  on  some  other  occasions),  from 
September  26  to  November  23.  On  the  latter  date  the  filter  went 
out  of  operation  for  the  year.  It  was  allowed  to  drain  and  the  out- 
let remained  open  during  the  winter. 

A  record  of  the  daily  (excepting  on  Sundays  and  on  certain  other 
occasions)  bacterial  analyses  will  be  found  in  the  following  table :  — 


Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  1 
No.  63,  1895. 
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Filler  No.  64. 

This  continuous  filter  was  started  Sept.  2,  1895,  and  contained  12 
inches  in  depth  of  sand  of  an  effective  size  of  0.16  millimeter.  The 
method  of  construction  and  the  history  of  this  filter  during  1895  is 
as  folio ws  :  — 

After  removing  the  sand  from  Filter  No.  46,  without  disturbing 
the  under-drains,  1  foot  of  Berkshire  sand  —  similar  to  that  already 
described  under  Filter  No.  63  —  was  put  into  the  filter  dry.  Canal 
water  was  then  applied  from  above  until  the  surface  of  the  sand  was 
covered.  Having  stood  full  of  water  for  forty-six  hours,  the  filter 
began  to  filter  canal  water  continuously,  on  September  2,  at  a  pre- 
scribed rate  of  5,000,000  gallons  per  acre  daily.  A  trap  attached  to 
the  outlet  prevented  air  from  entering  at  that  point.  Owing  to  low 
water  in  the  canal  the  filter  remained  closed  and  the  surface  of  the 
sand  covered  with  water,  on  the  following  dates :  September  22  for 
twenty-four  hours  and  September  28  for  thirty-three  hours.  In 
order  to  remove  clogging  the  surface  of  the  sand  was  scraped  as  fol- 
lows: on  September  10,  0.26  inch  of  sand  was  removed;  September 
16,  0.30  inch ;  September  21,  0.28  inch;  September  28,  0.35  inch; 
October  5,  0.27  inch  ;  October  11,  0.26  inch  ;  October  26,  0.32  inch ; 
October  17,0.42  inch;  October  21,0.28  inch;  October  26,  0.26 
inch;  November  1,  0.34  inch;  November  5,  0.31  inch;  November 
9, 0.35  inch ;  November  15,  0.34  inch  ;  and  November  19,  0.34  inch. 
After  scraping,  the  surface  was  not  raked  but  canal  water  applied 
from  above  immediately. 

On  October  29  the  rate  was  fluctuated  by  increasing  it  for  one 
minute  from  5,000,000  to  7,500,000  gallons  per  acre  daily.  On 
November  23  the  filter  was  shut  off  for  the  winter,  and  the  gate  on 
the  outlet  left  open  to  allow  the  filter  to  drain. 

A  solution  seeded  with  Bacillus  prodigiosus  was  mixed  with  the 
applied  canal  water  in  the  ratio  of  1  part  to  170,000  parts,  for  ten 
hours  a  day  (excepting  Sundays  and  on  some  other  occasions), 
from  September  26  to  November  23. 

A  record  of  the  daily  bacterial  analyses  (excepting  on  Sundays 
and  on  certain  other  days)  will  be  found  in  the  following  table :  — 
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Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 
No.  64,  1895. 
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Lawrence  Citt  Filter. 

The  filter  of  the  water  supply  system  of  the  city  of  Lawrence  is 
2.5  acres  in  area,  was  first  pat  in  operation  Sept.  20,  1893,  and 
its  construction  and  action  was  described  in  the  report  of  the  State 
Board  of  Health  for  that  year.  From  the  date  of  starting  this  filter 
up  to  the  present  time  it  has  been  in  continuous  use,  and  not  once 
has  the  unfiltered  river  water  entered  the  reservoir  or  the  service 
pipes  of  the  city  water  supply. 

*  The  average  bacterial  efficiency  of  the  filter  for  the  entire  year 
has  always  been  about  99  per  cent.,  but  varies  with  different  seasons, 
being  considerably  greater  in  summer  than  in  winter.  The  most  im- 
portant reason  for  the  lower  bacterial  efficiency  in  winter  is  that, 
contrary  to  the  advice  of  the  designer,  the  filter  remains  uncovered 
and  unprotected  from  the  severe  cold  of  the  winters  of  the  climate 
of  Lawrence.  In  consequence  of  this  a  thick  coating  of  ice  forms 
upon  the  filter,  and,  to  enable  the  surface  of  the  filter  to  be  cleaned 
of  clogged  and  dirty  sand,  and  thus  kept  in  operation,  this  layer 
of  ice,  sometimes  approximating  2  feet  in  thickness,  has  to  be 
removed.  Its  removal  is  slowly  accomplished  by  the  city  laborers 
and  the  surface  of  the  filter  very  much  disturbed  during  the  process. 
With  the  force  employed  the  removal  of  the  main  body  of  the 
ice  is  so  slowly  accomplished  that  in  order  to  get  a  sufficient  daily 
volume  of  water  through  the  filter,  it  is  necessary  to  frequently 
stop  removing  the  thick  ice  and  remove  the  newly  formed  ice  and 
scrape  the  beds  just  previously  scraped.  With  these  conditions 
abnormal  and  unnecessary  results  are  obtained.  That  is  to  say, 
as  a  result  of  this  management,  a  small  portion  of  the  filter  is,  for 
weeks  at  a  time,  filtering  a  very  large  proportion  of  the  water 
pumped.  The  surface  of  the  filter  is  divided  by  drains  and  eleva- 
tions of  its  surface  into  thirty-three  sections  or  beds,  and  between 
December  1 1  and  April  10  the  first  two  beds  (beginning  at  the  end 
of  the  filter  nearest  the  pumping  house)  were  scraped  and  raked 
eight  times,  the  next  eighteen  beds  five  and  one-half  times  and  the 
remaining  thirteen  beds  two  and  one-half  times,  and  these  last  were 
not  scraped  at  all  during  January  and  February. 

This  method  of  operation  is  unfavorable  to  obtaining  efficient 
filtration,  and  if  the  filter  remains  uncovered  it  will  be  necessary  to 
remove  the  ice  with  sufficient  rapidity  to  clean  all  of  the  beds 
monthly  and  to  avoid  repeated  scraping  of  the  same  beds  and  tb& 
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consequent  filtration  of  a  large  part  of  the  water  through  a  small 
area  of  the  filter  at  a  very  high  rate. 

An  experiment  to  illustrate  the  effect  of  this  treatment  upon  bac- 
terial efficiency  was  made  with  Filter  No.  3  B  at  the  station.  About 
one-quarter  of  the  surface  of  this  filter  was  scraped  and  then  dis- 
turbed to  the  depth  of  several  inches  and  the  filter  started  at  its 
rate  of  filtration  of  5,000,000  gallons  per  acre  daily.  The  average 
number  of  bacteria  per  cubic  centimeter  in  the  effluent  of  this  filter 
before  this  treatment  was  7  per  cubic  centimeter;  following  the 
treatment  the  number  quickly  increased  to  a  maximum  of  1,897  per 
cubic  centimeter  and  not  for  several  days  did  the  bacterial  efficiency 
of  the  filter  return  to  the  normal.  This  is  parallel  to  the  treatment 
of  the  Lawrence  city  filter  in  the  winter  months,  which  results  in 
giving  at  times  the  high  numbers  of  bacteria  in  its  effluent  presented 
in  the  tables  on  page  573,  and  those  in  charge  have  been  repeatedly 
advised  against  this  unfavorable  method  of  operation. 

Beginning  Nov.  15,  1895,  a  daily  bacterial  analysis  was  made  of 
the  river  water  before  and  after  its  passage  through  the  filter,  and 
as  it  flowed  from  taps  at  the  city  hall  and  experiment  station.  This 
daily  bacterial  examination  was  contiuued  until  May,  and  the  results 
are  presented  beyond.  The  hygienic  efficiency  of  the  filter  is  shown 
by  a  table  on  page  7. 

During  the  winter  months  the  filter  is  at  times  operated  continu- 
ously. 

Cost  of  Operation  of  the  Filter. 

During  1895,  1,096,000,000  gallons  of  water  passed  through  the 
city  filter,  and  upon  page  7  of  the  report  of  the  Lawrence  water 
board  for  the  year  1895  it  is  stated  that  the  cost  of  maintenance 
of  the  filter  for  the  year  was  $11,038.  Exclusive  of  amounts 
not  properly  chargeable  to  filter  maintenance,  such  as  grading, 
paving,  care  of  lawns  and  improvements  about  the  pumping  station 
and  filter  beds,  the  total  expense  for  maintenance  was  $7,400,  or 
$6.75  per  million  gallons  of  water  filtered.  The  itemized  figures 
for  the  year  kindly  furnished  by  Mr.  Salisbury,  the  superintendent 
of  the  Lawrence  water  department,  are  as  follows :  for  scraping  the 
filter  and  replacing  sand,  $3,477;  for  removing  ice,  $2,903;  for 
washing  1,500  cubic  yards  of  sand,  $1,020.  For  scraping  and  re- 
placing sand  only,  the  cost  was  $3.10  per  million  gallons  filtered. 
All  laborers  upon  this  work  are  paid  $2  per  day. 
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Monthly  Averages  of  Analyses  of  the  Merrimack  River  Water  as  it  flows  upon  Che 

Lawrence  Oily  Filter. 

[Put*  per  100,000.] 


Monthly  Averages  of  Effluent  from  the  City  Fitter. 

[P.rt*  per  100,000.] 
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Monthly  Averages  of  Analyse*  of  Water  from  the  Outlet  of  the  Distributing 

Reservoir. 
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.0460 
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.21 
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69 

August,  . 

T8 

.26 

.0020 
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.0073 

.82 

.0380 

.0003 

.20 

2.4 

61 

September, 

68 

.20 

.0026 

.0076 

.0066 

.31 

.0890 

.0003 

.18 

2.4 

75 

October, 

66 

.24 

.0020 

.0077 

.0072 

.29 

.0420 
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.17 

2.4 

36 

November,     . 

46 

.64 
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.0117 

.26 
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.89 

2.3 

36 

December, 

« 

.63 

.0062 

.0101 

.0097 

.21 
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.87 

2.2 

62 

Monthly  Averages  of  Analyses  of  Water  from  a  Tap  at  the  Lawrence  City  Hall. 

[Parte  per  100,000.] 
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37 
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80 
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.32 
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.28 
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39 

.32 
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.29 
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41 
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92 

May,      . 

67 
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.0089 
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.20 
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04 
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.25 
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.31 
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| 
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05 
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.0012 

.0071 
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67 

.22 
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47 
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.38 
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50 

December,    . 

41 

.51 
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.« 
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.37 
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Monthly  Averages  of  Analyses  of  Water  from  a  Tap  at  the  Lawrence  Experiment 
Station. 

[Put*  par  100,000.] 


Daily  Bacterial  Results,  Lawrence  City  Water. 

[Bicttrli  per  Cubic  CentlmaMr.] 
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Daily  Bacterial  Results,  Lawrence  Oily  Water  —  Continued. 

[Bacteria  per  Cubic  Centimeter.] 


Date—  1A96. 


January  1, 
2, 
3. 
4, 
5, 
6, 
7, 
8. 

», 
10. 

11. 
12, 
13. 
14. 
15, 
10, 
". 
18, 
19, 
20, 
21. 
22, 
23, 
24, 
25, 
2«, 
27, 
28, 
29, 
80, 
31, 


In  River 
Water. 


7,000 
6,000 
6,700 
6,400 

4,800 
6,600 
4,100 
18,200 
6,600 
7,000 

10,200 
6,000 
15,000 
10,200 
10,000 
13,000 

12,000 
8,200 
6,600 
3,600 
7,200 
4,500 

8,100 
4,800 
4,100 
4,100 
7,200 


In  Filtebsd  Watbi  from 


City 
Filler. 


86 
67 
74 
03 

47 
79 
126 
233 
438 
667 

688 
213 
410 
880 
231 
108 

180 
67 
62 
52 
62 
62 

71 
26 
60 
63 
86 


Reservoir 
Outlet. 


Tap  at 
City  Hall. 


Tap  at 

Experiment 

Station. 


101 

82 

76 

67 

132 

68 

64 

46 

112 

62 

120 

74 

92 

85 

112 

78 

93 

75 

206 

126 

170 

118 

135 

120 

175 

118 

240 

170 

223 
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231 

115 

170 

125 

162 

144 

162 

93 

61 

62 

116 

67 

66 

62 
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74 

49 

40 

65 

78 

62 

62 

64 

61 

80 
63 
69 


49 
68 
70 
63 
72 
88 

72 
84 
107 
116 
106 
HI 
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89 
86 
60 
66 

69 
34 
69 
49 
61 
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of 

Surface 

when 

Pumps  were 

Stopped. 
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Drained. 

Drained. 

Drained. 
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Covered. 

Covered. 

Covered 

Covered. 

Covered. 

Covered. 
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Covered. 

Covered. 

Covered. 

Covered. 
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Covered. 

Covered. 

Drained. 
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Covered. 

Covered. 

Covered. 

Covered. 

Covered. 
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Drained. 


Lo«i 
Bead. 
Fert. 


6.8 
6.3 
6.8 
6.6 

6.4 
5.7 
6.7 
6.3 
5.0 
4.7 

4.3 
4.6 
4.6 
4.5 
4.6 
4.9 

4.9 
6.2 
7.4 
6.6 
6.1 
6.6 

6.3 
7.6 
7.9 
8.5 
7.6 
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Monthly  Averages  of  Daily  Bacterial  Results  from  the  Laivrence  City  Water. 


Months. 


Bacteria  per  Cubic  Centimeter  in  Water  from 


River. 


Effluent 

at 
Filter. 


Reservoir 
Outlet. 


Cltr  Hall 
Tap. 


Experiment 

tuition 

Tap. 


1»»S. 

November, 

December, 

1896. 

January, 

February, 

March, 

April 

Averages, 

Per  cent,  which  the  average  number  of  bacteria 
removed  was  of  the  average  number  of  river 
bacteria. 


8,700 

84 

66 

0,700 

84 

84 

7,600 

188 

126 

12,600 

316 

236 

6,900 

138 

108 

3,800 

40 

180 

7,633 

184 

119 

- 

08.22 

08.42 

60 
80 

88 

166 

06 

67 


62 
66 

74 
140 
127 

63 

86~ 

08.87 


It  must  be  remembered  that  these  results  and  the  final  averages 
are  of  the  six  months  of  the  year  when  the  bacterial  efficiency  of  this 
uncovered  filter  is  lowest. 
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METHODS  EMPLOYED  AT  THE  LAWRENCE  EXPERIMENT 

STATION  FOR  THE  QUANTITATIVE  DETERMINATION 

OF  BACTERIA  IN  SEWAGE  AND  WATERS. 


By  George  W.  Fulleb  and  Williaj*  R.  Copeland. 


In  this  paper  it  is  proposed  to  record  briefly  the  methods  which 
have  been  employed  recently  in  the  determination  of  the  number  of 
bacteria  in  sewage  and  waters.  It  is  also  desired  to  point  out  cer- 
tain modifications  which  have  been  made  since  the  methods  were 
originally  described  in  the  report  of  the  State  Board  of  Health  upon 
the  purification  of  sewage  and  water  (1),  and  further,  to  present  the 
evidence  on  which  the  more  important  changes  were  based. 

The  principal  topics  treated  in  this  paper  are  noted  in  the  follow- 
ing outline :  — 

1.  Collection  and  storage  of  samples. 

2.  Preparation  of  culture  media. 

3.  Sterilization  and  storage  of  culture  media. 

4.  Technique  of  plating. 

5.  Technique  of  counting  colonies  of  bacteria  on  plates. 

6.  Effect  of  length  of  period  of  cultivation  and  of  temperature  at 
which'cultivation  takes  place. 

7.  Comparison  of  the  relative  values  of  gelatine  and  glycerine 
agar  for  quantitative  bacterial  work. 

8.  Roll  cultures  in  four  liter  bottles. 

Collection  and  Storage  of  Samples. 

The  samples  of  sewage,  etc.,  for  bacterial  analysis  are  collected 
in  mushroom  ground-glass  stoppered  bottles  of  a  capacity  of  about 
one  ounce.  Special  care  has  been  taken  to  procure  a  glass  stopper 
with  a  mushroom  top  rising  about  half  an  inch  from  the  top  of  the 
bottle.  This  form  of  stopper  protects  the  mouth  of  the  bottle  from 
becoming  contaminated  by  the  fingers  in  removing  the  *\&t\\Yi£A 
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bottle  from  its  tin  case.  The  bottles  (especially  new  ones)  are 
soaked  for  several  hours  in  a  solution  of  potassium  permanganate 
and  caustic  soda.  In  fact,  all  glassware  is  treated  with  this  solution 
before  it  is  sterilized  in  order  to  remove  all  trace  of  organic  matter; 
otherwise,  organic  matter  contained  in  the  bottle  might  serve  as  a 
food  material  for  the  bacteria  present  in  the  water  to  be  analyzed 
and  so  allow  them  to  multiply. 

After  treatment  with  permanganate,  the  bottles  are  rinsed  in  a 
dilute  solution  of  sulphuric  and  oxalic  acids.  These  acids  remove 
the  excess  of  permanganate  and  neutralize  the  free  alkali.  It  is 
necessary  to  use  much  care  in  washing  the  bottles  with  water  in 
order  to  remove  all  acid  and  to  obtain  as  a  result  a  sample  bottle 
which  is  chemically  clean.  After  cleaning  and  drying,  the  bottles, 
carefully  stoppered,  are  placed  in  covered  tin  boxes  made  to  fit  the 
bottles  approximately.  The  encased  bottles  and  other  glassware 
are  then  sterilized  in  an  oven  over  a  gas  stove  at  a  temperature  of 
160  degrees  C.  for  an  hour  and  a  half. 

When  samples  of  sewage  or  water  have  been  collected  in  such 
bottles  they  are  placed  in  the  ice  compartment  of  a  refrigerator, 
where,  at  a  temperature  of  from  5  to  10  degrees  C,  they  may  be 
left  for  several  hours  without  change.  It  should  be  noted  here  that 
samples  collected  out  of  town  are  not  generally  taken  to  the  labora- 
tory before  plating,  but  are  plated  on  the  spot  by  the  collector. 


Preparation  of  Culture  Media. 

Until  July,  1894,  nutrient  gelatine  was  employed  as  the  regular 
culture  medium  for  quantitative  bacterial  work.  Since  July,  1894, 
nutrient  glycerine  agar  has  been  used  instead  of  nutrient  gelatine. 
In  addition  to  gelatine  and  glycerine  agar,  a  solution  composed  of 
one-tenth  of  one  per  cent,  of  peptone  and  two-tenths  of  one  per 
cent,  of  powdered  glucose  in  sterilized  tap  water  has  been  used  to 
obtain  a  pure  culture  of  Bacillus  prodigiosus.  A  measured  quautity 
of  this  solution,  seeded  with  this  specific  germ,  has  been  applied  from 
time  to  time  to  the  several  experimental  water  filters,  as  described  on 
page  598. 

The  ingredients  used  have  been  of  as  high  a  grade  as  could  be 
obtained  from  the  best  dealers.  Meat  infusions  were  made,  prior 
to  July,  1892,  by  allowing  one  pound  of  finely  chopped  lean  meat 
to  digest  in  one  liter  of  cold  water  for  about  twenty  hours.     The 
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infusions  were  filtered  while  cold.  This  treatment  removed  almost 
all  of  the  fat  globules,  while  the  filtrate  contained  the  various  other 
substances  extracted  from  the  meat.  From  July,  1892,  to  January, 
1894,  meat  infusions  were  made  by  allowing  one  pound  (about  four 
hundred  and  fifty  grams)  of  finely  chopped  lean  meat  to  digest  in 
one  liter  of  warm  tap  water  for  two  hours ;  they  were  then  heated 
for  thirty  minutes  in  a  bath  of  boiling  water,  boiled  for  ten  minutes 
over  a  free  flame,  and  filtered,  while  hot,  to  remove  the  particles  of 
meat,  fat  and  coagulated  albumen.  In  January,  1894,  it  was  de- 
cided to  return  to  the  original  method  of  digesting  the  meat  in  cold 
water  for  the  reasons  which  will  appear  beyond. 

Until  Dec.  15,  1894,  Witte's  peptone  was  used.  Since  Dec.  15, 
1894,  Merck's  "  Peptonum  Siccum "  has  been  used  instead  of  Witte's. 
The  leaf  gelatine  used  is  made  by  Comte  Fils,  and  labelled  "  Best 
French  Brand."  Agar  free  from  acid  has  been  used,  and  the 
glycerine  has  been  twice  distilled.  The  powdered  glucose  used  is  a 
high-grade  commercial  product.  Common  table  salt  has  been  used 
in  the  proportion  described  in  the  original  formula  of  Koch,  ap- 
parently with  the  view  to  aid  in  dissolving  ingredients  of  nutrient 
culture  media. 

Nutrient  gelatine  is  prepared  by  adding  to  one  liter  of  meat  in- 
fusion one  per  cent,  by  weight  of  peptone,  one-half  of  one  per  cent, 
of  salt  and  ten  per  cent,  of  gelatine.  After  weighing  the  dish  con- 
taining these  substances  it  is  placed  in  a  bath  of  boiling  water  and 
stirred  constantly  for  ten  minutes.  By  this  time  the  gelatine  and 
peptone  are  dissolved,  and,  after  replacing  the  water  which  has 
evaporated  as  shown  by  loss  in  weight,  five  cubic  centimeters  of 
the  solution  are  placed  in  a  porcelain  evaporating  dish  containing  fifty 
cubic  centimeters  of  distilled  water.  It  has  been  the  custom  to  boil 
this  solution  for  three  minutes  over  a  free  flame  in  order  to  expel  car- 
bon dioxide  and  free  ammonia  which  may  have  been  present.  These 
gases,  otherwise,  would  interfere  with  the  accuracy  of  the  titration 
with  phenolphthalein,  which  is  used  as  an  indicator  in  the  determi- 
nation of  the  acidity  of  the  solution.  After  boiling  for  three 
minutes,  one  cubic  centimeter  of  phenolphthalein  (five  grams  of 
powder  in  one  liter  of  fifty  per  cent,  alcohol)  is  added,  and  while 
the  solution  is  still  hot,  enough  twentieth  normal  caustic  soda  added 
from  a  burette  to  produce  a  slight  pink  color.  By  this  method  it  is 
possible  to  determine  accurately  the  acidity  of  the  solution  (2). 

Experience  has  shown  that  the  acidity  of  gelatine  &o\v&\ot&  \»  w 
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great  at  this  point  that  it  is  necessary  to  add  from  fifty-five  to 
seventy  cubic  centimeters  of  normal  caustic  soda  solution  to  one 
liter  of  gelatine  in  order  to  neutralize  the  acid  present,  when  phenol- 
phthalein  is  used  as  an  indicator.  It  should  be  noted  here  that  the 
scale  adopted  at  the  Lawrence  Experiment  Station  is  based  on  the 
number  of  cubic  centimeters  of  normal  caustic  soda  which  must  be 
added  to  one  liter  of  solution  to  produce  a  neutral  reaction  with 
phenolphthalein. 

The  amount  of  acid  found  in  the  solution  varies  with  the  com- 
position of  the  meat  infusion,  peptone  and  gelatine  employed  (2). 

When  the  degree  of  acidity  has  been  determined  enough  normal 
caustic  soda  is  added  to  the  solution  to  reduce  the  acidity  of  the 
entire  volume  to  a  point  which  is  slightly  alkaline  to  blue  litmus 
paper  if  Schultz's  method  is  to  be  employed  in  the  preparation  of 
gelatine,  or  slightly  alkaline  to  phenolphthalein  if  Timpe's  method 
is  followed.    These  two  methods  of  procedure  are  described  beyond. 

The  advantage  of  allowing  the  meat  to  remain  for  twenty  hours 
in  water  in  an  ice-chest,  and  of  filtering  the  meat  infusion  while 
cold,  now  becomes  apparent  because  the  albumens  left  in  the  meat 
infusion  serve  as  a  coagulant  in  place  of  egg  albumen,  which,  fol- 
lowing the  practice  described  in  text  books,  is  customarily  added  at 
this  time  to  replace  the  albumens  precipitated  and  removed  from 
the  solution  by  filtration  if  the  infusion  is  extracted  with  boiling 
water. 

When  the  alkali  has  been  mixed  thoroughly  with  the  solution  the 
dish  is  placed  in  a  bath  of  boiling  water  for  twenty  minutes.  After 
this  the  dish  is  removed  from  the  water  bath  and  set  over  a  free 
flame  for  five  minutes  with  constant  stirring ;  by  this  treatment  the 
solution  is  brought  to  a  boil  for  two  minutes,  to  aid  in  making  it 
clear.  After  adding  enough  boiling  water  to  replace  the  water 
which  has  evaporated,  five  cubic  centimeters  of  the  solution  are 
again  titrated  as  described  above.  The  degree  of  reaction  changes 
slightly  during  the  process  of  heating.  Owing  to  changes  in  some 
of  the  ingredients  the  solution  becomes  a  little  more  acid  (from 
three  to  five  cubic  centimeters  of  normal  acid  per  one  liter) .  The 
next  stop  in  the  process  is  to  filter  the  solution  rapidly  through 
coarse  flannel  and  absorbent  cotton.  To  the  filtrate  it  is  necessary 
to  add  enough  normal  acid  or  alkali  to  produce  the  required  degree 
of  reaction.  The  gelatine  is  then  placed  in  sterilized  test-tubes 
(five  cubic  centimeters  in  each  tube)  and  the  tubes  plunged  at  once 
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into  cold  water  until  the  gelatine  has  solidified.  These  tubes  are 
then  sterilized  in  an  Arnold  steam  sterilizer  for  thirty  minutes  on 
each  of  three  consecutive  days,  or  in  an  autoclave  at  a  pressure  of 
one  atmosphere  for  from  five  to  seven  minute?. 

Nutrient  agar  is  prepared  by  adding  to  one  liter  of  meat  infusion, 
peptone  and  salt  as  in  the  preparation  of  gelatine,  and  one  and 
three-tenths  per  cent,  by  weight  of  finely  chopped  agar.  The  re- 
maining steps  in  its  preparation  are  similar  to  those  already  described 
for  gelatine,  except  that  it  is  the  custom  to  boil  agar  slowly  for  one 
hour  over  a  free  flame.  To  assist  the  process  of  dissolving  the 
agar,  five  hundred  cubic  centimeters  of  water  are  added  to  the 
original  volume  of  one  liter  before  heat  is  applied. 

Agar  itself  has  been  found  to  be  neutral  to  phenol phtalein,  there- 
fore, the  reaction  of  the  solution  is  much  lower  at  this  point  than  a 
solution  of  gelatine  would  have  been.  The  total  acidity  of  the  solu- 
tion at  this  point  ranges  from  thirty-five  to  forty-five  cubic  centi- 
meters of  normal  acid  per  liter. 

After  titration  and  addition  of  normal  alkali  the  agar  is  placed 
over  a  free  flame  and  boiled  slowly  for  two  hours.  In  order  to  keep 
conditions  of  temperature  and  volume  as  nearly  constant  as  possible 
during  this  process,  boiling  water  is  added  from  time  to  time  to 
replace  the  water  which  has  evaporated.  When  the  agar  has  been 
heated  for  two  hours  and  has  been  restored  to  its  original  volume  it 
is  filtered  and  titrated.  The  reaction  of  the  medium  changes  very 
little  during  this  process  of  heating.  To  the  filtrate  six  per  cent,  by 
weight  of  twice-distilled  glycerine  is  added,  the  solution  titrated 
and  enough  normal  acid  or  alkali  put  in  to  produce  the  required 
reaction.  The  solution  is  then  tubed  and  placed  in  cold  water.  As 
agar  does  not  lose  its  power  to  solidify  even  though  heated  for  a 
long  period  of  time,  it  has  been  the  custom  to  sterilize  it  in  the 
Arnold  steam  sterilizer  for  one  hour  on  each  of  three  consecutive 
days.  Since  June,  1895,  it  has  been  the  custom  to  sterilize  it  in 
an  autoclave  for  fifteen  minutes  at  a  pressure  of  one  atmosphere. 

As  noted  above,  both  Witte's  and  Merck's  peptones  have  been 
used  in  these  investigations,  and  Merck's  has  been  employed  during 
the  present  year.  Experiments  have  shown  that  the  composition  of 
peptones  influences  somewhat  the  bacterial  results,  as  has  been  de- 
scribed in  an  article  published  elsewhere  (2)  (8). 

The  present  supply  of  Merck's  peptone  is  found  to  be  very  satis- 
factory. 
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Reference  has  already  been  made  to  Schultz's  (3)  and  Timpe's 
methods  of  alkalization.  Schultz's  method  affords  a  more  accurate 
means  than  the  method  originally  described  by  Koch  of  carrying  out 
the  general  procedure,  and  has  been  followed  almost  from  the  outset 
in  the  preparation  of  nutrient  culture  media.  In  brief,  this  method 
consists  of  adding  enough  normal  alkali  to  an  acid  solution  of  a 
nutrient  medium  to  reduce  the  acidity  before  heating  to  the  degree 
which  it  is  desired  to  maintain  in  the  nutrient  medium  for  plating. 
Timpe's  (4)  method  consists  of  adding  enough  normal  alkali  to 
reduce  the  acidity  before  heating  to  the  neutral  point  (phenol- 
phthalein  being  used  as  an  indicator)  and  the  addition  after  heat- 
ing of  enough  normal  acid  or  alkali  to  the  filtrate  to  produce  the 
desired  degree  of  reaction. 

Until  the  middle  of  the  year  1891  the  method  ordinarily  described 
in  text-books  was  followed.  From  July  1,  1891,  to  Jan.  1,  1895, 
Schultz's  method  was  used  at  this  laboratory,  but  it  was  then  decided 
to  change  to  Timpe's  method  because  it  appeared  that  by  making  the 
medium  neutral  each  time  before  cooking,  the  chemical  changes  which 
take  place  proceed  always  under  conditions  which  are  more  nearly 
parallel.  Experience  at  this  laboratory  indicates  that  the  final  de- 
gree of  reaction  may  be  obtained  more  easily  and  more  accurately  by 
adding  a  definite  number  of  cubic  centimeters  of  normal  acid  or 
alkali  to  a  liter  of  neutral  culture  medium,  as  described  in  Timpe's 
method,  than  by  reducing  the  acidity  to  the  required  degree  after  the 
first  heating,  according  to  Schultz's  method,  because  in  the  latter 
case  the  reaction  seems  to  change  during  the  subsequent  process  of 
preparation. 

In  this  connection  it  should  be  noted  that  the  degree  of  reaction  has 
a  decided  effect  on  the  development  of  the  number  of  colonies  on 
plates.  Mr.  J.  J.  Mackensie  finds  that  (5)  for  Toronto  tap  water  a 
nutrient  gelatine  neutral  to  phenolphthalein  is  most  favorable.  Dr. 
Johnston  (6)  found  that  nutrient  gelatine  with  reaction  which  corre- 
sponds to  No.  20  on  this  scale  was  favorable.  This  matter  has  been 
discussed  in  detail  in  an  article  published  elsewhere,  but  in  order  to 
bring  out  the  great  importance  of  this  subject  the  following  table  is 
again  presented  (2)  :  — 
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Table  showing  a  Comparison  of  Representative  Results  of  the  Quantitative  Deter- 
mination  of  Bacteria  in  Lawrence  Sewage,  Merrimack  River  Water  and 
Lawrence  City  {Filtered)  Water  on  Gelatine  of  Different  Degrees  of  Reaction, 
but  with  other  Conditions  the  same. 


Ruction.* 


Lawrence  Sewage. 


Bacteria 

per  Cable 

Centimeter. 


Percentage 
which  Num- 
bers are  of 
that  obtained 
with  Reac- 
tion No.  20. 


40, 

35, 

30, 

26, 

20, 

15, 

10, 

6, 

0, 

-5, 

-10, 
-16, 
-20, 
-25, 


168,000 
448,000 
1,226,000 
1,720,000 
2,688,000 
2,870,000 
2,726,000 
2,625,000 
2,234,000 
2,342,000 
2,230,000 
1,470,000 
1,200,000 
1,620,000 


6 

16 

45 

64 

100 

106 

101 

08 

86 

87 

82 

64 

48 

66 


Merrimack  River 
Water. 


Bacteria 

per  Cubic 

Centimeter. 


Percentage 
which  Num- 
bers are  of 
that  obtained 
with  Reac- 
tion No.  20. 


100 

400 

600 

7,800 

16,000 

13,300 

8,100 

6,900 

6,800 

4,000 

3,200 

1,300 

600 

200 


1 

3 

4 

66 

100 

80 

64 

46 

88 

26 

21 

0 

8 

1 


Lawrehce  Citt  Water 
(Filtered). 


Bacteria 

per  Cubic 

Centimeter. 


Percentage 
which  Num- 
bers are  of 
that  obtained 
with  Reac- 
tion No.  20. 


4 
7 

16 

84 

184 

169 

112 

80 

66 

68 

48 

29 

16 

13 


2 

3 

8 

46 

100 

92 

60 

43 

35 

31 

26 

15 

8 

7 


*  Numbers  refer  to  cubic  centimeters  of  normal  acid  or  alkali  which  must  be  added  to  a  liter  of 
nutrient  medium  In  order  to  make  it  neutral  to  phenolphthalein.   Minus  (— )  means  an  alkaline  solution. 

Following  the  custom  practised  in  this  laboratory  the  reaction  of 
a  solution  which  contains  twenty  cubic  centimeters  of  normal  acid 
in  one  liter  is  known  as  reaction  No.  20.  In  connection  with  the 
preceding  table  it  should  be  noted  that  reactions  Nos.  18  to  20  were 
used  in  the  laboratory  from  1891  to  1895.  The  exact  degree  of 
reaction  was  determined  at  that  time  by  titrating  one  cubic  centi- 
meter of  the  solution  in  five  cubic  centimeters  of  water.  Since 
January,  1895,  reactions  Nos.  15  to  18  have  been  used;  and  the 
reaction  has  been  determined  by  titrating  five  cubic  centimeters  of 
the  solution  in  fifty  of  water,  as  already  described. 

As  a  result  of  these  experiments  it  may  be  said  that  reactions  Nos. 
13  to  20  have  been  found  to  produce  the  development  of  the  maxi- 
mum number  of  bacteria. 

The  evidence  at  hand  shows  that  the  degree  of  reaction  which  is 
most  favorable  for  bacterial  growth  varies  somewhat  with  different 
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species  of  bacteria,  with  bacteria  of  different  degrees  of  vitality  but 
of  the  same  species  (9),  and  perhaps  with  the  seasons  of  the  year. 
A  factor  which  should  not  be  neglected  is  the  variable  amount  of 
muscle  sugar  present  in  different  meat  infusions,  as  first  pointed  oat 
by  Dr.  Theobald  Smith  (7).  In  view  of  these  facts,  therefore,  re- 
action No.  18  cannot  be  said  to  be  the  optimum  under  all  conditions, 
though  it  seems  to  come  nearest  to  the  optimum  reaction  so  far  as 
Lawrence  conditions  are  concerned.  The  need  and  value  of  a  uniform 
standard  degree  of  reaction  is  insisted  upon,  however,  for  the  sake  of 
getting  comparable  results. 

Sterilization  and  Storage  of  Culture  Media. 

Gelatine  has  been  sterilized  for  thirty  minutes  on  each  of  three 
successive  days  in  an  Arnold  steam  sterilizer.  It  has  often  been 
noted,  however,  that  gelatine  plates  would  not  solidify,  especially  in 
summer  weather,  and  showed  evident  signs  of  contamination  when 
sterilized  in  this  manner.  To  obtain  nutrient  media  which  should 
be  sterile  every  time  and  to  avoid  delay  caused  by  heating  on  three 
days  in  succession,  an  autoclave  was  obtained  in  June,  1895.  It 
has  been  necessary,  at  the  station,  to  generate  steam  within  the  auto- 
clave itself,  and  this  extra  heating  tends  to  destroy  the  power  of  gela- 
tine to  solidify.  Agar,  and  water  for  purposes  of  dilution,  can  be 
sterilized  satisfactorily,  however,  and  at  the  present  time  they  are 
always  sterilized  in  this  manner. 

In  order  to  keep  media  in  good  condition  a  lot  of  two  liters  is 
made  up  at  least  once  in  two  weeks,  tubed  and  placed  in  the  ice- 
chest.  To  make  certain  that  the  media  are  sterile  they  are  heated 
for  ten  minutes  in  boiling  water  just  before  use  for  plating. 

Technique  of  Plating. 
The  technique  of  plating  as  applied  to  the  bacterial  analysis  of 
water  consists  of  mixing  a  measured  amount  of  the  samples  of  water 
with  a  certain  amount  of  gelatinous  nutrient  medium,  with  proper 
precautions,  in  a  Petri  double  dish,  well  known  to  bacteriologists. 
The  method  pursued  in  plating  is  as  follows ;  after  shaking  thor- 
oughly the  glass  bottle  (described  on  page  585)  containing  the  sample 
of  water  to  bo  analyzed,  one  cubic  centimeter  is  drawn  out  in  a 
pipette  graduated  to  discharge  this  quantity  of  water.  This  meas- 
ured amount  is  discharged  into  a  tube  of  melted  nutrient  medium 
(gelatine  or  agar) ,  and  after  it  has  been  thoroughly  mixed  with  the 
food  material  the  contents  of  the  tube  are  poured  into  a  sterile  Petri 
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dish.     As  the  solution  enters  the  dish  it  is  spread  uniformly  over 
the  surface  and  allowed  to  solidify. 

The  previous  shaking  and  mixing  in  the  tube  divides  the  bacteria 
from  one  another,  and,  as  they  lie  scattered  in  the  film  over  the 
surface  of  the  plate,  they  are  kept  separate  by  the  gelatinization  of 
the  medium.  Under  these  favorable  conditions  each  cell  multiplies 
by  fission  and  forms  an  independent  colony. 

Technique  of  Counting  Colonies  of  Bacteria  on  Plates. 

Since  each  bacterium  is  supposed  to  be  in  isolation,  and  in  a  posi- 
tion where  it  may  multiply  by  cell  division  until  a  colony  is  formed, 
the  actual  number  of  individual  bacteria  which  existed  in  one  cubic 
centimeter  of  the  original  sample  of  water  may  be  determined  by  count- 
ing these  colonies.  To  facilitate  the  process  of  counting  it  is  neces- 
sary to  use  special  care  in  spreading  the  liquid  medium  in  order 
to  obtain  a  film  as  nearly  uniform  in  thickness  as  possible  over  the 
whole  surface  of  the  plate.  When  so  prepared  it  is  possible  to 
count  accurately  each  colony  on  a  plate  containing  eight  hundred 
colonies,  by  the  aid  of  a  hand  lens  and  a  glass  plate  ruled  with  two 
sets  of  lines,  forming  squares  one  square  centimeter  in  area  (Wolff- 
htigel's  apparatus). 

As  the  number  of  colonies  increases  to  three  thousand,  other 
methods  are  employed,  such  as  counting  a  diametrical  section  of  the 
plate  one  centimeter  in  width.  If  the  colonies  on  a  plate  amount  to 
ten  thousand  or  more  it  is  customary  to  count  only  those  bacteria 
which  lie  in  three  or  more  areas  one  centimeter  square ;  these  areas 
must  be  chosen  with  care  so  as  to  represent  an  average  of  the  thick, 
medium  and  thin  portions  of  the  plate.  As  errors  may  easily  creep 
in  by  counting  areas  which  are  not  average  examples  of  such  portions 
of  a  plate,  it  is  necessary  that  much  care  be  taken  to  select  represent- 
ative areas. 

It  is  essential  that  the  temperature  of  the  melted  culture  medium 
should  be  kept  below  39°  C.  in  order  to  prevent  bacteria  in  the 
vegetative  state  from  being  killed  by  the  heat  of  the  solution. 
For  the  purpose  of  securing  a  uniform  and  satisfactory  temperature 
when  working  with  agar  it  is  the  custom  to  have  the  melted  agar 
kept  liquid  for  one  hour  before  plating,  in  a  water  bath  maintained 
at  a  temperature  of  39°  C.  by  an  automatic  regulator.  On  the 
other  hand,  the  temperature  of  the  melted  tubes  of  culture  media 
should  not  be  allowed  to  become  so  low  that  the   medium  can- 
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not  be  poured  from  the  tube  readily.  At  best  about  five  per  cent, 
of  the  contents  remain  in  the  tube  after  pouring.  As  long  as  this 
percentage  is  kept  constant  the  results  are  strictly  comparable, 
although  they  do  not  comprise  the  entire  contents  of  the  cubic  centi- 
meter  of  water  drawn  from  the  sample  for  plating. 

As  Lawrence  sewage  often  contains  more  than  two  million  bac- 
teria per  cubic  centimeter,  in  order  to  facilitate  the  estimation  of 
the  number  of  colonies,  it  is  customary  to  reduce  the  number  which 
otherwise  would  appear  on  a  plate  by  mixing  one  cubic  centimeter 
of  the  sample  in  a  flask  containing  five  hundred  cubic  centimeters 
of  sterilized  tap  water ;  the  flask  is  then  well  shaken,  one  cubic 
centimeter  taken  out  and  plated  in  the  usual  manner.  Other 
samples  of  water,  which  contain  five  thousand  or  more  bacteria  in 
a  cubic  centimeter,  are  diluted  in  the  ratio  of  one  to-one  hundred  by 
a  similar  process. 

When  the  medium  has  become  solid  the  plate  is  placed  in  a  20° 
C.  thermostat  to  allow  the  colonies  of  bacteria  to  develop.  Agar 
plates  are  inverted,  to  prevent  the  water  of  condensation  from 
running  over  the  surface  of  the  medium,  otherwise  colonies  of  bac- 
teria which  lie  on  the  surface  would  spread,  together  with  this 
water,  over  the  surface  of  the  plate. 

Agar  plates  stand  in  the  thermostat  for  four  days  ;  but  as  certain 
bacteria  peptonise  or  liquefy  gelatine  it  is  necessary  to  remove  some 
gelatine  plates  to  an  ice-chest  after  forty-eight  or  sixty  hours'  growth. 
The  cold  temperature  checks  to  a  considerable  degree  the  develop- 
ment of  liquefying  colonies  but  allows  time  for  the  further  develop- 
ment of  bacteria,  which  grow  slowly. 

Owing  to  the  obliteration  of  small  colonies,  either  by  a  thick  film 
of  bacteria  which  sometimes  spreads  over  the  surface  of  the  medium 
or  by  liquefaction  of  the  gelatine,  it  is  possible  that  error  may  be 
introduced  in  the  calculation  of  the  number  of  colonies  on  a  plate. 
It  is  necessary,  therefore,  to  examine  frequently  and  perhaps  to 
count  plates  whicb  contain  such  colonies  before  the  normal  time  for 
development  has  expired. 

Effect  of  Length  of  Period  of  Cultivation  and  of  Temperature  at 

which   Cultivation  takes  Place, 

The  length  of  time  during  which  a  plate  is  allowed  to  develop 
and  the  temperature  of  the  chamber  in  which  the  plates  stand  pro- 
duce a  marked  effect  on  the  number  of  colonies  which  will  develop. 
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Table  showing  the  Number  of  Colonies  per 
on  a  Plate  at  Different 

Cubic  Centimeter  which  had 
Periods  of  Growth. 

developed 

BlCTllli  FIX  CU1IO  CUTIMITIK. 

TSMPUITDU,  M  DHIIU  C. 

1D«j. 

JD«J». 

.■>„.. 

■»„. 

913 

u 

H 

12.317 

is, on 
87 

04 

100 

400 

(MO 

i.soo 

Table  showing  the  Number  of  Colonies  of  Bacteria  per  Cubic  Centimeter  which 
developed  on  Plates  at  Different  Degrees  of  Temperature. 

Hon.- Tbm  o 
Mplrala  d«jn  Id  June 


ivangM,  Id  web  Ituunce.  at  ilitwn  wti  oi 


Experiments  have  been  made  to  test  the  effect  produced  by  allow- 
ing plates  to  develop  for  a  longer  period.  The  power  which  some 
bacteria  possess  to  liquefy  gelatine  or  to  form  an  opaque  growth 
over  a  considerable  portion  of  agar  often  makes  it  impossible  to 
keep  plates  more  than  four  days.  An  increase  has  been  noted, 
however,  in  several  instances  when  plates  were  allowed  to  develop 
for  ten  days.  As  the  work  at  Lawrence  calls  for  many  plates  con- 
taing  liquefying  and  spreading  colonies  it  has  been  thought  best  to 
adopt  a  rule  which  should  secure,  for  purposes  of  comparison,  counts 
of  plates  under  conditions  as  nearly  parallel  as  possible.  For  this 
reason  plates  have  always  been  counted  on  the  fourth  day.  It  some- 
times happens,  however,  that  plates  which  have  been  partially  lique- 
fied or  contain  spreading  colonies  present  a  smaller  number  of  colonies 
on  the  fourth  than  on  the  third  day.  Under  such  conditions  the  high- 
est number  has  been  taken. 
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Comparison  of  the  Relative  Value  of  Gelatine  and  Glycerine  Agar 

for  Quantitative  Bacterial  Work. 

Work  at  the  Lawrence  Experiment  Station  often  has  to  deal  with 
samples  of  sewage  and  water  which  contain  large  numbers  of  bac- 
teria. Many  of  these  bacteria  liquefy  gelatine  plates.  The  nutrient 
gelatine  itself  has  been  found  to  melt  if  the  plates  are  allowed  to  stand 
a  short  time  on  the  laboratory  table  in  hot  weather,  thereby  causing 
the  value  of  counts  on  gelatine  plates  to  be  much  impaired.  As  the 
gelatine  did  not  melt  in  cold  weather  it  was  possible  to  count  the 
bacteria  more  accurately,  and  therefore  determinations  made  at  dif- 
ferent seasons  of  the  year  were  not  as  comparable  as  desired. 
Reference  has  already  been  made  to  the  difficulty  experienced  in 
sterilizing  gelatine. 

Glycerine  agar  was  found  as  a  result  of  long  experiment  to  be  a 
medium  which  would  give  a  maximum  number  of  colonies  at  all  sea- 
sons of  the  year,  a  medium  in  which  sewage  bacteria  could  grow 
rapidly  without  being  able  to  liquefy  it,  and  a  medium  which  could 
be  heated  in  our  autoclave  until  sterile  without  losing  its  power  of 
solidification.  Moreover,  it  was  found  that,  by  careful  observation 
of  necessary  precautions,  agar  would  give  results  which  compared 
favorably  with  gelatine  and  often  gave  better  results  than  gelatine  in 
summer.  For  these  reasons  it  was  decided  to  substitute  glycerine 
agar  for  gelatine  in  a  considerable  portion  of  the  work,  while  making 
frequent  control  cultures  with  ordinary  nutrient  gelatine. 

Table  showing  a  Comparison  of  the  Number  of  Bacteria  per  Cubic  Centimeter 

obtained  from  Qelatine  and  Glycerine  Agar. 


!, 

SEWAGE.                || 

il 

Epflorxt  from  SEW- 
AGE FILTKK3.           | 

w                 '1 
Canal  Water.      ;' 

'•I 

Effixest  from  ('aval 
Water  Filteus. 

Date. 

j 

1 

Gelatine. 

Glycerine 
Agar.     | 

Gelatine. 

Glycerine 
Agar. 

Gelatine. 

Glycerine 
Agar. 

Gelatine. 

Glycerine 
A$ar. 

1894. 

i 

i 

t 

i 

January,    . 

749,000 

731,000  1 

- 

- 

7,800 

5,500 

56 

45 

March, 

586,000 

563,000  < 

- 

-        ' 

1,737 

1,683     , 

62 

62 

July,  . 

- 

- 

-        i 

— 

~    i 

85 

126 

1895. 

1 

1 

1 

. 

November, 

3,077,000 

2,812,000  ' 

- 

i 

1       8,500 

7,100 

61 

6S 

December, . 

6,400,000 

6,200,000  | 

440,400 

394,000 

>     11,900 

10,700 

58 

57 

1896. 

i 

1 

1 

l 

i 

January,    . 

2,150,000 

1,995,000  , 

287,000 

238,000 

;       9,500 

9,600 

34 

43 

March, 

2,495,000 

2,135,000  ! 

179,000 

149,000 

!       5,950 

6,150 

85 

87 

May,   . 

4,490,000 

4,630,000  ' 

251 

269 

5,200 

6,500 

3A 

1          * 

Note.  — The  numbers  {riven  in  this  table  are  averages  of  numerous  determinations.  The  plate* 
were  allowed  to  develop  from  three  to  four  days.  The  low  numbers  given  in  certain  instances  for  gela- 
tine plates  are  due  to  liquefaction  of  the  gelatine. 
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It  was  known  that  results  were  sometimes  higher  on  gelatine  than 
on  glycerine  agar,  as  indicated  in  this  table,  and  that  the  develop- 
ment on  the  former  medium  is  somewhat  more  rapid,  but  it  was  be- 
lieved that  glycerine  agar  under  the  actual  conditions  gave  results 
which  for  all  seasons  of  the  year  were  more  nearly  comparable. 
Numerous  comparative  results  have  been  obtained  at  frequent  inter- 
vals, and  the  earlier  data  have  been  confirmed  in  a  general  way. 

Roll  Cultures  in  Four-liter  Bottles. 

Reference  has  already  been  made  to  the  use  of  peptone  glucose 
solutions  (one-tenth  per  cent,  peptone  and  two-tenths  per  cent,  of 
glucose  in  tap  water)  containing  a  pure  culture  of  Bacillus  prodigi- 
osus  for  testing  the  efficiency  of  sand  filters.  A  measured  quan- 
tity of  the  solution  containing  large  numbers  of  this  germ  is  mixed 
with  the  water  on  the  surface  of  the  filter.  The  amount  of  solution 
applied  varies  with  the  area  of  the  filter,  rate  of  filtration  and  other 
conditions.  As  this  bacillus  has  not  been  found  to  occur  naturally 
in  Lawrence  waters  it  is  used  to  test  the  power  of  filters  to  remove 
bacteria,  because  any  B.prodigiosus  cells  which  appear  in  the  effluent 
must  have  passed  through  the  sand  in  the  filter.  Further,  it  has 
been  learned  by  numerous  experiments  that  this  germ  does  not  grow 
within  filters,  and  in  this  respect  it  differs  from  many  common  water 
bacteria  and  resembles  the  germ  of  typhoid  fever.  Still  another 
advantage  in  the  use  of  B.  prodigiosus  lies  in  the  ease  with  which 
it  may  be  identified.  By  the  determination  of  the  exact  number  of 
cells  of  Bacillus  prodigiosus  applied  and  the  number  which  appear 
in  the  effluent  it  is  possible  to  obtain  valuable  tests  upon  the  effi- 
ciency of  the  filter  both  quantitatively  and  qualitatively. 

The  effluent  of  some  of  the  Lawrence  experimental  water  filters 
amounts  to  twenty  thousand  gallons  of  water  in  a  day.  It  is  impos- 
sible to  examine  all  of  such  effluents  and  yet  it  is  desirable  to  test  them 
as  thoroughly  as  possible.  This  is  usually  done  by  taking  samples  at 
frequent  intervals  during  the  day.  But  in  the  application  of  B.  typho- 
sus and  B.  prodigiosus  to  many  of  the  filters  it  has  been  found  that  a 
large  number  of  the  plates  seeded  with  one  cubic  centimeter  of  effluent 
do  not  contain  any  of  those  specific  germs  which  have  been  added 
to  the  water  as  it  enters  the  filter.  In  other  words,  there  are  fewer 
than  one  bacteria  of  this  kind  per  cubic  centimeter.  Circumstances 
have  been  such  that  it  has  been  desirable  to  study  more  thoroughly 
the  presence  of  the  specific  germ  in  the  effluent,  and  to  learn^  Coy 
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instance,  whether  the  average  number  would  be  0.1  or  0.01  per 
cubic  centimeter.  To  accomplish  this  purpose  fifty  cubic  centi- 
meters of  effluent  are  mixed  with  one  hundred  cubic  centimeters  of 
gelatine  (twenty  per  cent,  of  gelatine  in  one  liter)  in  a  four-liter 
bottle.  By  rolling  the  bottle  as  it  lies  on  its  side  on  a  cake  of  ice 
the  fifty  cubic  centimeters  mixed  together  with  the  gelatine  are  dis- 
tributed over  the  large  inner  surface  of  the  bottle. 

The  advantage  of  using  this  method  to  test  waters  for  a  certain 
species  is  great  when  the  total  number  of  bacteria  is  small,  because 
it  is  possible  to  analyze  a  large  number  of  cubic  centimeters  of 
effluent  at  one  time  and  yet  have  the  single  colonies  isolated. 


Table  showing  Results  of  Examinations  by  Roll  Table  Method  for  Bacillus  Pro- 

digiosus  in  the  Effluent  of  Water  Filters. 


Datb-1895. 


Number 

of 
Filter. 


Depth  of 

Filter. 

(Inches.) 


Bacilhu 
Prodigi- 
onu. 
applied 
per  Cubic 
Centi- 
meter. 


Quantity 

of 
Effluent 
examined 
(Cubic 
Centi- 
meters). 


I    Number 

i         of 
|   Colonies 

of  Bacillus 

Prodiqi- 

091U. 

found. 


September  2, 
2, 
2, 
8, 

l\ 

T, 

7, 

7, 

28, 

23, 

October       2, 

2, 

7, 

7, 

8, 

8, 


7A 

24 

847 

60 

3B 

60 

847 

50 

8B 

00 

847 

60 

3B 

00 

424 

60 

7A 

24 

424 

60 

8A 

00 

424 

50 

SB 

00 

382 

60 

7A 

60 

882 

60 

8A 

00 

382 

60 

3B 

00 

420 

60 

8A 

60 

429 

60 

3B 

60 

376 

60 

8A 

60 

376 

60 

SB 

60 

565 

60 

8A 

60 

565 

60 

8B 

60 

320 

60 

8A 

60 

329 

50 

0 
0 
0 
0 
3 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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SEWAGE  PURIFICATION  OF  CITIES  AND  TOWNS  IN 

MASSACHUSETTS. 


In  order  to  learn  the  results  obtained  by  the  systems  of  sewage 
disposal  in  the  cities  and  towns  in  Massachusetts  which  have  adopted 
a  method  of  sewage  purification,  the  State  Board  of  Health  since 
1892  has  caused  chemical  analyses  to  be  made  of  sewage  and  effluent 
from  many  of  the  systems  now  in  operation. 

The  results  for  the  year  1892  were  printed  in  connection  with  a 
paper  upon  the  "  Sewage  disposal  of  cities  and  towns  in  Massa- 
setts  by  intermittent  filtration,"  in  the  annual  report  of  the  State 
Board  of  Health  for  that  year,  containing  chemical  analyses  of  the 
sewage  and  effluent  from  the  works  at  the  three  places  described, 
viz.,  Framingham,  Marlborough  and  Gardner.  In  the  annual  re- 
port of  the  Board  for  the  year  1893  there  appeared  a  corresponding 
paper,  in  which  were  given  the  results  of  analyses  of  sewage  and 
effluent  up  to  Jan.  1,  1894,  from  these  three  and  several  additional 
sewage-purification  plants,  together  with  a  brief  description  of  each 
of  the  systems. 

In  the  present  paper  will  be  found  analyses  made  during  the 
years  1894  and  1895  of  the  sewage  and  effluents  from  the  works  at 
Amherst,  Brockton,  Framingham,  Gardner,  Marlborough  and  Med- 
field.  A  short  description  of  the  works  at  each  place  is  given  in 
connection  with  the  analyses,  and  in  some  cases  statements  made  in 
previous  reports  are  repeated. 

The  first  plant  for  the  disposal  of  town  sewage  by  filtration  in 
Massachusetts  was  constructed  at  Lenox  in  1876.  A  system  for 
the  disposal  of  the  sewage  of  a  portion  of  the  town  of  Amherst, 
partly  by  filtration  but  chiefly  by  irrigation,  was  constructed  about 
1881,  and  a  small  system  for  the  disposal  of  sewage  by  intermit- 
tent filtration  was  introduced  at  Medfield  in  1886.  Since  the  last 
date  the  towns  of  Framingham,  Gardner  and  Westborough  and 
the  cities  of  Marlborough  and  Brockton  have  constructed  and  are 
now  operating  works  for  the  disposal  of  sewage  by  uttarcmSXX&roX* 


602  STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 

filtration,  and  a  new  disposal  field  has  been  constructed  and  is  in 
use  at  Lenox.  At  North  Brookfield  there  is  a  small  system  of  sew- 
age disposal  by  irrigation  and  filtration.  There  are  also  in  the 
State  several  large  institutions  which  dispose  of  their  sewage  by 
intermittent  filtration. 

The  sewage  of  the  city  of  Worcester  is  treated  with  chemicals, 
and  the  method  has  been  fully  described  under  "  Blackstone  River," 
in  the  chapters  on  the  examination  of  rivers  in  previous  reports  of 
the  Board,  and  on  page  367  of  this  volume.  Analyses  made  by  the 
chemists  at  Worcester,  showing  the  results  obtained  at  the  chemical 
precipitation  works  there,  have  already  been  given  on  page  372  of 
the  report  for  1894  and  on  page  360  of  the  present  report. 

In  addition  to  the  analyses  given  in  the  following  pages,  there 
have  also  been  collected  hourly  samples  of  sewage,  representing  the 
entire  flow  for  twenty-four  hours  in  the  main  sewers  at  Framingham, 
Gardner,  Marlborough  and  the  Worcester  Lunatic  Asylum.  The 
results  of  chemical  and  bacterial  analyses  of  these  samples  have 
been  presented  and  discussed  in  the  chapter  on  the  composition  of 
se wage,  in  the  report  of  the  investigation  upon  the  purification  of 
sewage  at  the  Lawrence  experiment  station,  on  page  462  of  the 
annual  report  for  1894  and  on  page  452  of  this  volume. 

Sewage  Disposal  at  Amherst. 

The  population  of  the  town  in  1895  was  4,785.  Sewerage  facili- 
ties have  been  provided  only  for  portions  of  the  main  village,  and 
the  sewage  is  disposed  of  by  two  systems. 

The  first  system,  begun  in  1881  and  subsequently  extended, 
collects  the  sewage  from  about  1,000  persons.  The  system  is  of 
the  so-called  "separate"  type,  which  provides  for  house  sewage 
only.  The  sewage  flows  to  a  settling  tank  about  a  mile  south-east 
of  the  village,  and  thence  through  a  pipe  520  feet  long  into  Fort 
River.  The  settling  tank  into  which  it  discharges  has  two  com- 
partments, each  10  feet  wide,  15  feet  long  and  6  feet  deep,  con- 
structed of  stone  laid  in  cement.  The  main  sewer,  which  is  10 
inches  in  diameter,  branches  just  before  it  enters  the  tank,  so  that 
the  sewage  may  be  diverted  into  either  compartment  separately,  de- 
livering it  at  the  surface  of  the  sewage  in  the  tank,  which  is  about  1 
foot  below  the  top  of  the  tank.  The  sewage  is  not  screened,  but 
the  mouth  of  the  outlet  pipe  turns  downwards  below  the  surface  of 
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the  sewage,  so  that  some  of  the  floating  matter  is  retained  in  the 
tank.  At  irregular  intervals  the  sludge  is  removed  and  mixed  with 
soil,  to  be  used  as  a  fertilizer  on  the  adjoining  fields. 

In  the  annexed  table  are  the  results  of  analyses  of  sewage  before 
and  after  passage  through  the  tank.  It  is  to  be  noted  that  the 
effluent  appears  to  represent  sewage  more  dilute  'than  that  collected 
from  the  inlet  pipe,  so  that  the  apparent  purification  was  probably 
greater  than  that  which  actually  took  place.  Analyses  are  also 
given  of  Fort  River  above  and  below  the  point  of  discharge  of  the 
effluent  pipe. 

The  second  system,  which  was  begun  in  1886,  takes  the  sewage 
from  a  part  of  the  thickly  populated  portion  of  the  town,  north  of 
the  town  hall,  to  a  settling  tank  and  irrigation  field  half  a  mile  north 
of  the  village.  A  description  of  this  system,  with  results  of  analyses 
of  sewage  and  effluent,  was  presented  in  the  annual  report  for  1893. 
No  analyses  of  the  sewage  or  effluent  have  been  made  since  that  time. 

Chemical  Examination  of  Sewage  from  Amherst 

[Parte  per  100,000.] 


Date  of 

Collection. 

Affkaxavcb. 

RZSIDUB  ON  EVAPORATION. 

Turbidity. 

Sediment. 

1 

TOTAL  RKSIDUK. 

Loaa  OK  IOMITIOK. 

• 

I 

9 

H 

1 

00 

1 

5 

11654 
11655 

ISM. 

Jan.  18. 

Jan.  18. 

Decided,  milky. 
Distinct,  milky. 

Heavy. 
Cone. 

0.70 
0.65 

10.40 
18.00 

12.20 
0.40 

7.20 
8.60 

0.80 
6.60 

4.60 
2.80 

5.20 
2.80 

Chemical  Examination  of  Sewage  from  Amherst  —  Concluded. 

[Parts  per  100,000.] 


Ammonia. 

• 

« 

S 
n 
O 

Nitrogen  as 

Oxtobm  Consumed. 

Ikon. 

!                ALBUMINOID. 

• 

• 

1 

55 

1 

1 

e 

£ 

Q 

t 

3 

a 

Free. 

• 

I 

• 

l 

Sus- 
pended. 

• 

i 

1.8200  J 
0.6360  | 

1 

.2180 
.0080 

.1000 
.0880 

.1180 
.0600 

2.40 
1.58 

.0100 
.0100 

.0040 
.0020 

2.8068 
1.8272 

1.6482 
0.8848 

.0740 
.0400 

.0100 
.0240 

1.9 
1.8 

Odor,  offensive. The  first  sample  was  collected  from  the  main  sewer,  before  it  enters  the  set. 

tling  tank;  the  last,  from  the  pipe  which  conveys  the  sewage  from  the  settling  ta.nkto'?oT\'R\'s*T. 
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Chemical  Examination  of  Water  from  Fort  River,  Above  and  Below  the  Oulld  of 
the  Sewer  from  Amherst. 

[Porte  par  loo.aoo.  1 


Odor,  none.    On  halting,  the  odor  of  the  eecond  umpla  ill  dliltnctly  dlu(r*Mble. The  AM 

■  ample  wm  collected  from  the  river,  aboot  100  feet  above  the  lever  outlet;  the  bat,  tram  the  rlrtr 
about  200  feet  below  the  tewer  outlet. 


Sewage  Disposal  at  Brockton. 

The  sewage  disposal  system  of  the  city  of  Brockton  (population 
in  1895,  33,165)  was  first  put  in  operation  in  November,  1894,  and 
at  the  close  of  that  year  there  had  been  a  few  connections  made  with 
the  Bewers.  At  the  end  of  December,  1895,  there  were  221  con- 
nections, 110  of  which  were  from  dwelling-houses,  67  from  factories 
and  the  remainder  from  business  blocks,  hotels  and  public  buildings. 
The  total  length  of  sewers  constructed  to  the  end  of  the  year  1895, 
including  the  main  sewer,  was  13.82  miles. 

The  principal  industry  in  Brockton  is  the  manufacture  of  shoes. 
The  city  is  situated  largely  in  the  valley  of  the  Salisbury  Plain 
River,  into  which  nearly  all  of  the  drainage  naturally  flows,  and  a 
large  proportion  of  the  population  is  in  the  immediate  vicinity  of 
the  stream.  The  watershed  of  the  river  just  below  the  city  is  only 
about  16  square  miles,  and  the  sewage  of  the  city  could  not  be  dis- 
charged into  it  without  creating  a  nuisance. 

The  system  of  sewerage  adopted  is  what  is  known  as  the  separate 
system,  and  as  it  was  necessary  in  this  case  to  pump  all  of  the  sewage, 
all  surface  water  has  been  excluded  from  the  system  and  great  care 
has  been  taken  to  exclude  ground  water  both  from  the  street  sewers 
and  the  house  connections.  Under-drains  were  constructed  beneath 
all  sewers,  during  the  construction  of  which  ground  water  was  en- 
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countered,  and  special  care  was  taken  to  make  all  joints  tight.  The 
under-drains  discharge  directly  into  the  river  or  its  tributaries  at 
convenient  points.  The  main  or  intercepting  sewer  is  laid  in  low 
land  bordering  the  river;  it  is  egg-shaped  in  section,  and  at  its 
lower  end  its  size  is  32  inches  by  48  inches.  At  times  of  high  water 
there  is  considerable  leakage  into  it,  and  before  any  sewage  was  ad- 
mitted to  the  sewers  there  was  a  large  flow  of  ground  water  from 
the  outlet  of  the  intercepting  sewer. 

The  sewage  passes  from  the  intercepting  sewer  at  the  pumping 
station  into  a  covered  masonry  reservoir  110  feet  long  by  44  feet 
wide,  having  a  capacity  of  about  500,000  gallons,  sufficient  to  store 
the  night  flow  of  sewage  and  making  it  necessary  to  pump  only  dur- 
ing the  day.  The  reservoir  is  ventilated  by  means  of  a  15-inch  pipe 
connecting  with  the  chimney  of  the  pumping  station.  Between  the 
reservoir  and  the  pumps  the  sewage  is  screened  by  passing  between 
iron  plates  placed  so  as  to  have  an  open  space  between  them  of  three- 
fourths  of  an  inch.  From  the  pumping  station  the  sewage  is  forced 
through  a  cast-iron  force  main  24  inches  in  diameter  and  nearly  17,000 
feet  in  length  to  the  filtration  area. 

The  filtration  area  is  situated  in  the  south-westerly  corner  of  the 
city,  and  comprises  about  30  acres,  being  a  part  of  a  large  area  of  flat, 
sandy  land,  locally  known  as  the  "  muster  field,"  the  greater  part 
of  which  is  situated  within  the  limits  of  the  town  of  Easton.  On 
this  field  23  filter-beds  have  been  prepared,  having  an  average  area, 
exclusive  of  embankments,  of  1  acre.  The  loam  was  removed  from 
all  the  beds.  The  subsoil  was  entirely  removed  from  12  of  the 
beds,  partially  removed  from  6,  while  in  5  of  the  beds  the  subsoil 
remains  over  the  sand.  The  loam  and  subsoil  which  was  removed 
was  used  in  making  the  embankments  between  the  beds.  The  filter- 
ing material  varies  from  a  fine  gravel  to  a  very  fine  sand,  with  the 
coarser  material  generally  nearest  the  surface. 

Under  10  of  the  beds  a  stratum  of  clay  was  found  at  a  depth  of 
from  7  to  8  feet,  and  in  these  beds  4  lines  of  5-inch  under-drains 
were  constructed  just  above  the  clay,  discharging  through  a  15-inch 
pipe  into  a  small  brook,  a  tributary  of  the  Taunton  River. 

Although  provision  was  made  for  the  separation  and  removal  of 
a  portion  of  the  solid  matter  from  the  sewage  at  the  reservoir,  there 
has  as  yet  been  no  necessity  for  such  separation,  as  the  amount  of 
sewage  is  so  small  that  all  of  it  can  be  disposed  of  on  the  beds. 
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An  agitator  has  been  placed  in  the  bottom  of  the  reservoir,  through 
which  sewage  from  the  force  main  is  introduced  under  pressure  and 
by  means  of  which  all  the  solid  matter  which  may  have  collected  on 
the  bottom  may  be  thoroughly  mixed  with  the  liquid  portion  of  the 
sewage  and  thus  conveyed  to  the  pumps.  In  the  early  operation  of 
the  plant  it  was  the  custom  to  start  the  agitator  when  the  pumps 
were  started  and  there  was  a  large  body  of  sewage  in  the  reservoir, 
but  by  this  method  the  sludge  was  distributed  through  the  whole 
volume  of  sewage,  and  it  was  found  that  the  beds  soon  became 
clogged.  At  the  present  time  the  agitator  is  put  in  operation  just 
before  the  reservoir  is  emptied,  and  consequently  the  entire  body  of 
sludge,  mixed  with  a  small  amount  of  sewage,  is  delivered  at  the  field 
at  once.  Except  when  crops  are  being  grown  the  sludge  is  dis- 
charged upon  a  separate  bed,  and  when  thoroughly  dried  the  residue 
is  raked  up  and  burned. 

The  force  main  is  so  constructed  that  for  about  one-quarter  of  its 
length  the  pipe  slopes  towards  the  beds ;  but  when  the  pumps  are 
not  running  there  are  about  250,000  gallons  remaining  in  the  end 
of  the 'pipe  nearest  the  pumping  station,  which  amount  is  stored 
there  until  pumping  is  resumed.  When  the  daily  amount  of  sewage 
pumped  is  less  than  250,000  gallons,  none  of  the  sewage  pumped 
into  the  force  main  one  day  reaches  the  filtration  area  until  the  next 
day,  and  consequently  it  has  become  quite  stale  when  it  is  applied 
to  the  beds. 

The  method  of  operation  has  been  to  apply  about  80,000  gallons 
of  sewage  to  one  bed,  and  then  allow  the  filter  to  rest  for  a  day 
before  another  dose  is  applied.  During  times  of  high  flow  in  the 
sewers  the  size  of  the  dose  is  much  increased,  but  it  is  said  that 
there  has  been  no  difficulty  in  disposing  of  all  of  the  sewage,  and  4 
of  the  23  beds  have  never  been  used. 

During  the  winter  of  1894-95  some  of  the  beds  were  left  with  level 
surfaces  ;  but  it  was  found  that  in  these  beds  the  surface  froze  to  such 
an  extent  that  sewage  could  not  be  disposed  of  upon  them,  and  the 
only  beds  which  could  be  used  during  the  cold  weather  were  those 
which  had  been  furrowed  during  the  preceding  fall.  Accordingly  all 
of  the  beds  in  use  during  the  winter  of  1895-96  were  furrowed,  and 
notwithstanding  the  low  temperature  of  the  sewage  when  received  at 
the  field,  no  difficulty  was  experienced  from  freezing. 
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The  following  table,  taken  from  the  report  of  the  city  engineer 
of  Brockton  for  1895,  gives  the  average  amount  of  sewage  disposed 
of  and  the  temperature  of  the  sewage  as  it  reaches  the  beds :  — 


MONTH. 

Average 
Daily  Flow 

at  Field 
(Gallons). 

Temperature 

Sewage 

at  Field. 

Month. 

i 

DaiTy^Sw  ;Te?Pi~*UTe 

atField     1    JJeWi!ff 
(Gallons),  i    at  VMA' 

January,  .... 

February, 

March,      .... 

April,        .... 

May,         .... 

June,         .... 

215,000 
100,000 
142,000 
250,000 
338,000 
228,000 

42.0 
40.6 
39.5 
42.3 
53.5 
00.1 

July,         .... 

August,     .... 

September, 

October,    .... 

November, 

195,000 
273,000 
275,000 
488,000 
474,000 

60.8 
64.0 
64.0 
57.0 
51.0 

Chemical  Examination  of  Sewage  from  Brockton. 

[Parts  per  100,000.] 


Date  of 

Collection. 

Apprabancr. 

Bksidub  on  Evaporation. 

Turbidity. 

Sediment. 

u 

o 

§ 

TOTAL  RRBIDUS.          | 

LOSS  ON  IGNITION. 

• 

1 

a 

9 

• 

I 

Dis- 
solved. 

Sus- 
pended. 

• 

© 

Dis- 
solved. 

Sus- 
pended. 

13814 

1895. 

Feb.  12. 

Thick. 

Heavy,  black. 

1 
1 

1 

84.40 

40.20 

i 

i 

44.20 

38.00 

12.40 

25.60 

Chemical  Examination  of  Sewage  from  Brockton  —  Concluded. 

[Parts  per  100,000.] 


Ammonia. 

• 
V 

a 

l 

A 
O 

NlTBOQBN  AS 

Oxygen  Consumed. 

i 
Iron.        , 

ALBUMINOID. 

Nitrates. 

• 

3 

3 

s 

t 

Unfiltered. 

Filtered. 

i 

1 

Dis- 
solved. 

1 

00 

• 

i 

a 

3 

a 

3.4560 

.9100 

.2440 

.6660 

i 

9.05 

.0000 

.0000 

1 

8.5600 

3.1200 

.3200  1.0800 

1 

6.4 

Odor,  offensive. The  sample  was  collected  as  the  sewage  flowed  out  upon  the  filter  beds. 
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Chemical  Examination  of  Effluent  from  the  Under-drain  at  the  Brockton  Sewage 

Disposal  Works. 

[Parta  per  100,000.] 


i 

H 

s 


18815 


6) 

Or 


1895. 

Feb.  12 


APPBARAMOE. 

• 

• 

e 
c 

| 

a 

• 

s 

£ 

1 

6 

None. 


None. 


.01 


e 
o 

*» 

s  * 

1 


Ammoxia. 


4.00 


S 
§ 


g 

i 


XrntoGEX 

▲  8 

1 

■ 

g 

2 

Nitrites. 

s 

O 

3 


.0248    .0038 


.75  ! 


.0450 


.0000  I  .0240 

ii 


0.6    .0000 


Odor,  none. The  sample  was  collected  from  the  under-drain  near  Pearl  Street,  and  contains  a 

large  amount  of  ground  water. 


Sewage  Disposal  at  Framingham. 

The  town  of  Framingham  (population  in  1895,  9,512)  contains 
three  villages,  of  which  South  Framingham  is  by  far  the  most  popu- 
lous, and  up  to  the  present  time  is  the  only  village  sewered. 

The  sewerage  system  was  put  in  operation  near  the  end  of  the 
year  1889,  and  at  the  end  of  1895  about  800  dwelling-houses  and 
50  business  blocks,  stores,  factories,  etc.,  were  connected  with  the 
sewer.  In  addition  to  this,  the  sewage  of  the  Women's  Prison 
(population,  about  350),  located  in  the  town  of  Sherborn  just 
beyond  the  Framingham  line,  enters  this  system.  The  storm  water 
is  excluded  from  the  sewers,1  and  a  continuous  system  of  under- 
drains  was  laid  beneath  the  principal  sewers  to  collect  and  carry  off 
the  ground  water.  The  amount  of  sewage  flowing  during  a  season 
of  high  rainfall,  however,  is  fully  three  times  the  ordinary  flow. 
The  main  under-drain,  which  formerly  discharged  into  a  brook  feed- 
ing Lake  Cochituate,  now  discharges  into  an  open  reservoir  near 
the  pumping  station,  from  which  it  is  pumped  to  some  specially 
prepared  filter-beds  a  short  distance  away  from  the  station.  The 
average  daily  amount  of  sewage  pumped  and  purified  during  1895 
was  about  400,000  gallons. 

The  sewage  is  collected  in  a  pair  of  receiving  reservoirs  having  a 
total  capacity  of  431,000  gallons,  from  which  it  is  pumped  through 
a  cast-iron  main,  12  inches  in  diameter  and  9,740  feet  in  length,  to 
the  filtration  area,  located  about  2\  miles  north-east  of  the  village  of 
South  Framingham.  This  area,  a  more  detailed  description  of  which, 
accompanied  by  a  plan,  may  be  found  on  page  560  of  the  annual 
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report  of  the  Board  for  1892,  covers  about  70  acres,  much  of  which 
is  quite  level.  The  field  is  at  an  elevation  of  about  20  feet  above 
Bannister  Brook,  which  flows  along  its  north-westerly  border. 

Three  new  filters,  having  an  area  of  4  acres,  were  constructed 
during  the  year  1894,  making  13  beds  with  a  total  area  of  about  16 
acres  which  have  been  specially  prepared  for  sewage.  About  half 
of  this  area  is  under-drained  to  a  limited  extent. 

During  the  summer  nearly  all  of  the  filter-beds  are  planted  with 
field  corn  (maize),  and  very  satisfactory  crops  are  obtained.  A 
few  other  crops  were  raised  to  a  small  extent,  some  of  which  have 
been  fairly  satisfactory.  The  old  beds  upon  which  corn  was  grown 
were  not  disturbed  after  the  last  hoeing  in  the  early  part  of  July, 
and  they  have  been  found  to  give  satisfactory  results  in  cold  weather, 
owing  to  the  arrangement  of  the  surfaces  in  hills  and  furrows,  thus 
enabling  a  covering  of  snow  and  ice  to  rest  on  the  hills,  and  re- 
ducing the  exposure  of  the  material  in  the  furrows  to  frost. 

The  quality  of  the  sewage  and  effluent  from  several  different 
places  may  be  seen  by  the  tables  of  analyses  on  the  following  pages. 
The  sewage  is  ordinary  town  sewage,  discolored  and  somewhat 
modified  at  times  by  a  considerable  amount  of  spent  dyes  discharged 
into  the  sewers  from  the  straw-goods  factories  in  the  town. 

For  the  results  of  chemical  and  bacterial  analyses,  showing  the 
variations  at  different  hours  of  the  day  in  composition  of  the  sum- 
mer sewage,  and  measurements  of  its  quantity,  reference  is  made  to 
page  469  of  the  annual  report  for  1894  and  to  page  456  of  this 
volume. 
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Sewage  from  Framingham. 

[ParU  per  100,000.] 


Odor,  offttuln. Tneeewige  wm  collected  u it  flowed  out  upon  the  flltei-bede. 
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Under-drain  of  the  Framingham  Filler-beds. 

[Parts  per  100,000.] 


Ammohia. 


.0480 
.0020 
.0820 
.0400 
.0320 
.0200 
.0480 
.0860 
.0840 
.0140 
.0190 
.0480 
.0640 
.0086 
.1160 


.0467 

.0760 
.2400 
.2800 
.6020 
.4000 
.8020 
.4800 
.8200 
.2000 
.1080 
.0720 
.0440 
.0400 
.0202 


.2568 


o 


£1 


.0140 
.0000 
.0064 
.0072 
.0060 
.0070 
.0080 
.0080 
.0180 
.0062 
.0000 
.0040 
.0080 
.0064 
.0210 


.0080 

.0140 
.0200 
.0180 
.0100 
.0110 
.0060 
.0060 
.0080 
.0080 
.0000 
.0130 
.0068 
.0070 
.0042 


.0086 


i 


8.67 
8.84 
3.42 
2.75 
2.98 
8.19 
3.62 
8.42 
8.77 
4.79 
6.20 
4.86 
5.81 
6.00 
5.16 


4.37 

6.22 
6.00 
4.96 
3.90 
3.95 
8.70 
4.00 
5.16 
5.60 
6.00 
6.25 
4.80 
3.88 
4.12 


4.78 


NlTKOOKX  AS 


5 

55 


1.2600 
0.7600 
0.7000 
0.7000 
1.0000 
0.6000 
1.1600 
0.6000 
0.9800 
1.2200 
2.5000 
1.8250 
1.8750 
1.0000 
0.1800 


1.0754 

0.8750 
0.7500 
0.4750 
0.2900 
0.4750 
1.2500 
2.2500 
2.5000 
1.7000 
2.0000 
0.9500 
1.2400 
0.6800 
0.8000 


I 


.0045 
,0020 
.0040 
.0080 
.0070 
.0080 
.0020 
.0040 
.0080 
.0010 
.0020 
.0080 
.0080 
.0005 
.0020 


1.2286 


.0082 

.0014 
.0180 
.0080 
.0180 
.0080 
.0020 
.0060 
.0040 
.0020 
.0050 
.0020 
.0180 
.0010 
.0018 


.0057 


t 


I3 

o 


.0975 
.1069 
.1186 
.1120 
.1078 
.1186 
.1161 
.2280 
.1817 
.1817 
.0698 
.1001 
.1066 
.1108 
.1156 


.1284 

.1422 
.2172 
.2544 
.2502 
.1925 
.1580 
.1599 
.1312 
.1826 
.1092 
.1621 
.0920 
.1264 
.0539 


m 


6.4 
6.4 
6.1 
3.9 
4.9 
4.6 
5.0 
6.1 
5.7 
5.8 
7.7 
4.7 
6.7 
6.6 
4.9 


.1685 


6.6 

6.8 
6.8 
6.6 
5.1 
4.7 
6.6 
9.1 
10.1 
9.6 
7.1 
7.0 
4.7 
6.6 
5.4 


e 

s 


.0108 

.0020 
.0020 
.0010 
.0700 
.0280 
.0010 
.0020 
.0080 
.0000 
.0010 
.0430 
.0086 
.0100 
.0020 


0050 

1 

0000 

2 

0040 

3 

0160 

4 

0050 

6 

0000 

6 

0020 

7 

0500 

8 

*• 

9 

0000 

10 

0050 

11 

0100 

12 

0180 

13 

0020 

14 

0160 

16 

6.7 


.0187 


16 

17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
80 

31 


Am  nnder-draln  at  Its  outlet. 
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Under-drain  at  the  Framingham  Filler-beds. 

[Parte  per  100,000.] 


AmioviA. 

6 

! 

s 

XlTKOOKV  AS 

a 

■i 

o 

* 

i 

• 

i 

Free. 

Albu- 
minoid. 

• 

1 

5 

• 

s 

s 

2 

.0400 

.0020 

8.76 

0.9760 

.0016 

.1365 

8.0 

.0040 

1 

.0720 

.0000 

3.75 

0.9000 

.0020 

.1335 

5.4 

.0000 

2 

.5440 

.0076 

8.74 

0.7000 

.0020 

.1376 

6.0 

.0130 

8 

.0560 

.0040 

3.00 

0.9000 

.0080 

.1040 

4.7 

.0050 

4 

.0600 

.0050 

3.17 

1.1000 

.0060 

.1540 

6.1 

.0100 

6 

.0384 

.0076 

2.67 

0.5250 

.0020 

.1659 

4.2 

.0050 

6 

.0344 

.0002 

3.55 

1.1000 

.0030 

.0908 

6.0 

.0100 

7 

.0530 

.0060 

3.55 

0.9500 

.0010 

.1189 

6.6 

.0000 

8 

.0336 

.0056 

3.58 

1.2600 

.0010 

.0924 

6.0 

- 

9 

.0360 

.0050 

4.82 

1.3750 

.0040 

.1270 

8.2 

.0140 

10 

.0202 

.0078 

4.60 

1.6660 

.0017 

.0862 

6.4 

.0030 

11 

.0152 

.0054 

6.19 

1.7500 

.0010 

.0770 

6.9 

.0030 

12 

.0112 

.0084 

6.00 

1.7000 

.0004 

.1264 

6.7 

.0200 

18 

.0068 

.0064 

5.00 

1.2000 

.0009 

.0858 

6.4 

.0010 

14 

.1040 

.0190 

4.64 

1.0000 

.0030 

.1424 

6.3 

.0060 

15 

.0812 

.0070 

4.17 

1.1959 

.0019 

.1166 

6.1 

.0070 

16 

.0192 

.0072 

8.58 

0.8260 

.0012 

.1619 

4.9 

.0060 

17 

.0116 

.0060 

8.77 

0.9500 

.0006 

.0711 

4.4 

.0020 

18 

.0784 

.0112 

4.40 

0.7000 

.0130 

.1744 

6.1 

.0040 

19 

.5200 

.0100 

4.00 

0.2000 

.0050 

.2566 

4.8 

.1000 

20 

.3520 

.0150 

3.65 

0.3000 

.0080 

.2641 

4.4 

.1480 

21 

.2480 

.0070 

4.40 

0.6800 

.0040 

.1501 

6.8 

.0240 

22 

.3520 

.0070 

8.95 

0.8000 

.0040 

.1677 

6.3 

.0220 

23 

.3120 

.0050 

6.20 

0.8750 

.0100 

.1676 

8.7 

.0140 

24 

.2400 

.0100 

6.10 

1.0500 

.0040 

.5070 

7.9 

.1600 

26 

.1520 

.0040 

5.60 

1.5000 

.0060 

.1186 

7.0 

.0080 

26 

.1120 

.0150 

6.16 

0.9500 

.0020 

.1677 

6.0 

.0600 

27 

.1280 

.0040 

4.80 

2.0000 

.0040 

.1170 

6.3 

.0880 

28 

.0636 

.0074 

3.79 

0.9500 

.0020 

.0936 

6.8 

.0220 

29 

.0640 

.0040 

3.66 

i 

1.0000 

.0020 

.0693 

6.4 

.0140 

30 

.2145 

.0084 

4.47 

0.9098 

.0048 

.1890 

6.9 

.0542 

31 

S 
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Brook  which  receives  Effluent  from  the  Framingham  Filter-beds. 

[Put*  per  100,000.] 


Ammohia. 

• 
9 

a 

"C 

o 

3 

V 

NlTBOOBV  AS 

Oxygen 

Contained 

• 

• 
8 

• 

e 

1 

£ 

fa 

Albu- 
minoid. 

• 

I 

• 

.0000 

.0008 

2.07 

0.6250 

.0000 

.0195 

4.3 

.0000 

1 

.0000 

.0000 

2.92 

0.7000 

.0000 

.0000 

4.2 

.0000 

2 

.0000 

.0028 

3.18 

0.6500 

.0000 

.0240 

4.6 

.0000 

3 

.0004 

.0082 

S.81 

0.8000 

.0000 

.0184 

4.2 

.0050 

4 

.0000 

.0014 

2.80 

0.7000 

.0000 

.0428 

3.8 

.0000 

5 

.0000 

.0016 

8.02 

0.7600 

.0001 

.0484 

4.8 

.0050 

6 

.0012 

.0038 

8.28 

0.9000 

.0000 

.0261 

4.0 

.0000 

7 

.0000 

.0044 

8.18 

0.9000 

.0000 

.0558 

4.8 

.0000 

8 

.0000 

.0024 

8.18 

0.7500 

.0000 

.0298 

8.8 

- 

9 

.0004 

.0010 

3.10 

0.4000 

.0000 

.0481 

4.6 

.0060 

10 

.0024 

.0056 

8.12 

1.0000 

.0000 

.0000 

4.0 

.0000 

11 

.0000 

.0008 

8.02 

1.2500 

.0000 

.0154 

4.6 

.0000 

12 

.0000 

.0018 

3.01 

1.0000 

.0000 

.0287 

4.6 

.0220 

18 

.0012 

.0016 

8.60 

1.1250 

.0000 

.0278 

4.6 

.0010 

14 

.0004 

.0018 

8.21 

0.7200 

.0000 

.0000 

6.0 

.0000 

16 

.0004 

.0028 

8.18 

0.8819 

.0000 

.0244 

4.4 

.0030 

16 

.0004 

.0022 

3.20 

0.8000 

.0000 

.0896 

6.0 

.0010 

17 

.0000 

.0030 

8.42 

1.0750 

.0000 

.0118 

6.7 

.0000 

18 

.0000 

.0030 

3.05 

0.9500 

.0000 

.0400 

6.8 

.0000 

19 

.0000 

.0016 

8.86 

1.0500 

.0000 

.0000 

4.9 

.0030 

20 

.0000 

.0008 

8.30 

0.6250 

.0000 

.0500 

4.7 

.0010 

21 

.0000 

.0014 

2.60 

0.6000 

.0000 

.0197 

4.0 

.0000 

22 

.0000 

.0008 

8.00 

0.7250 

.0001 

.0507 

8.9 

.0000 

23 

.0000 

.0010 

8.80 

0.3650 

.0000 

.0300 

4.7 

.0020 

24 

.0000 

.0010 

3.76 

0.6250 

.0000 

.0702 

6.1 

.0000 

25 

.0000 

.0022 

8.60 

0.8750 

.0000 

.0117 

4.4 

.0000 

26 

.0002 

.0030 

4.00 

0.6500 

.0000 

.0374 

5.0 

.0000 

27 

.0000 

.0022 

i 

8.30 

1.2000 

.0000 

1 

.0273 

4.3 

.0000 

28 

.0006 

.0022 

2.05 

0.4500 

.0000   | 

.0890 

3.6 

.0050 

29 

.0000 

.0010 

3.87 

1.4000 

.0000 

1    .0616 

i 

4.0 

.0020 

30 

.0001 

.0018 

8.31 

0.7856 

.0000 

l 

.0844 

4.6 

.0008 

31 

618  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

Chemical  Examination  of  Water  from  Bannister  Brook  below  the  Framinghnm 
Filter-beds. 

[Fail*  por  100,000.] 


collected  from  the  brook,  at 


Sewage  Disposal  at  Gardner. 

The  Gardner  sewerage  system  was  put  in  operation  about  Aug.  1, 
1891.  At  the  eud  of  1895  there  were  254  connections  with  the 
sewers.  The  population  of  the  town  in  1895  was  9,182.  With  the 
exception  of  roof  water  used  for  Hushing  purposes  from  a  limited 
number  of  buildings  at  the  upper  ends  of  the  sewers,  surface  water 
is  excluded.  Care  was  also  taken  during  the  construction  of  the 
system  to  exclude  ground  water  by  making  tight  joints  between  the 
sewer  pipes ;  but  no  uuder-drnins  were  placed  beneath  the  sewers, 
and  there  is  a  considerable  quantity  of  ground  water  mixed  with 
the  sewage.  The  quantity  of  sewage  is  not  definitely  known, 
but  it  is  probably  not  far  from  250,000  gallons  per  day  in  dry 
weather. 

The  tract  of  land  purchased  by  the  town  for  the  disposal  of  sewage 
contains  16.9  acres.  Much  of  the  material  upon  this  tract  was  found 
to  be  too  fine  for  the  filtration  of  sewage,  and  as  a  result  the  filter- 
beds  are  almost  wholly  artificial,  being  formed  of  the  porous  sand 
and  gravel  from  a  ridge  upon  this  tract.  There  are  12  thoroughly 
under-drained  filter-beds,  having  a  total  area  of  1.4  acres:  two  sup- 
plementary beds,  which  are  less  porous  and  not  under-drained, 
having  a  total  area  of  0,37  acre ;  and  two  other  small,  under-drained 
beds,  containing  together  0,14  of  an  acre.     One  of  the  last  beds  is 
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used  to  receive  the  sludge  from  the  sludge  tank  and  the  other  was 
constructed  to  receive  the  discharge  from  a  blow-off  located  at  the 
lowest  point  in  the  inverted  syphon  which  conveys  the  sewage  from 
the  town  across  the  valley  of  Pond  Brook  to  the  filter-beds.  This 
bed,  however,  has  not  been  used  for  several  years,  as  it  has  been 
found  that  if  clogging  occurs  in  the  syphon  the  sewage  backs  up  in 
the  pipe  until  sufficient  head  is  obtained  to  remove  the  obstruction. 

The  material  of  the  filter-beds  has  an  effective  size  of  0.10  to  0.24 

millimeters,  which  is  somewhat  coarser  than  that  at  Marlborough 

>ut  much  finer  than  that  at  Framingham.     Under-drains  beneath 

he  beds  are  generally  20  feet  apart,  and  at  a  depth  of  4  to  5  feet 

>elow  the  surface  of  the  beds.     The  sewage  when  it  reaches  the 

lisposal  area  first  passes  through  duplicate  separating  tanks,  having 

combined  capacity  of  about  10,000  gallons,  and  overflows  through 

rooden  troughs  upon  the  disposal  area,  as  described  in  the  annual 

eport  of  the  Board  for  1892,  page  580. 

The  operation  of  these  filter-beds  in  winter  is  very  different  from 
Aat  in  warm  weather.  During  the  warmer  portions  of  the  year  it 
has  been  the  general  custom  to  apply  the  sewage  to  the  beds  in 
rotation  once  in  two  days,  the  amount  applied  depending  upon  the 
character  of  the  material  of  the  bed.  The  deposit  which  forms  upon 
the  surface  of  the  filter  is  removed,  and  the  surface  of  the  sand  raked 
to  a  depth  of  2  or  3  inches,  about  once  in  ten  days  or  two  weeks. 
By  this  method  of  operation  good  purification  has  been  obtained 
daring  the  warmer  portion  of  the  year.  In  winter  weather,  when 
the  amount  of  sewage  is  greater  and  it  is  impossible  to  remove  the 
Bolid  matter  from  the  beds,  the  filters  become  greatly  overtaxed,  and 
a  short  time  after  severe  winter  weather  sets  in  all  of  the  beds  are 
covered  with  the  sewage  and  much  of  the  time  a  large  part  of  it 
overflows  into  the  adjoining  brook.  When  the  warmer  weather 
jomes  the  surface  of  the  beds  becomes  uncovered,  the  sludge  which 
las  accumulated  during  the  winter  is  scraped  off  and  the  quality 
>f  the  effluent  rapidly  improves. 

The  area  of  the  filter-beds  is  inadequate  for  purification  of  the 
ewage  of-  the  town,  and  it  will  be  necessary  to  prepare  a  larger 
inmber  of  beds  in  order  to  prevent  unpurified  or  partially  purified 
ewage  from  entering  the  brook. 
During  the  last  two  winters  the  surfaces  of  the  filters  have  been 
irrowed,  and  the  results  obtained  have  been  somewhat  better 
lan    in    previous   years,  although   it  appears  that  the  night   flow 
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during  the  winter  finds  its  way  into  the  brook  without  purification, 
and  during  the  coldest  weather  much  of  the  flow  during  the  day  can- 
not be  taken  care  of  by  the  filters. 

During  1894  it  was  found  that  just  beneath  the  surface  the  material 
had  become  very  compact,  and  to  remedy  this  the  greater  part  of  the 
filter  area  was  worked  over  for  a  depth  of  8  or  10  inches.  Many 
small  stones  were  met  in  this  treatment,  and  holes  several  feet  deep 
were  dug  in  the  filters,  in  which  the  stones  were  buried.  As  the  fen 
inches  of  material  placed  over  the  stones  washed  away  to  a  certain 
extent,  this  process  was  an  unfortunate  one,  because  it  gave  an 

Chemical  Examination  of 

[Ptrt*  par  100,000.] 
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opportunity  for  some  of  the  sewage  to  reach  the  effluent  pipe  in  a 
less  purified  state  than  should  be  the  case. 

The  average  analyses,  as  given  in  the  following  tables,  indicate 
that  of  the  sewage  filtered,  about  89  per  cent,  of  the  organic  matter, 
as  represented  by  the  albuminoid  ammonia,  was  removed  by  filtra- 
tion during  1894,  and  about  90  per  cent,  during  1895,  For  the 
results  of  chemical  and  bacterial  analyses,  showing  the  variations  at 
different  hours  of  the  day  in  composition  of  the  summer  sewage  and 
measurements  of  its  quantity,  a  reference  is  made  to  page  468  of  the 
annual  report  for  1894. 


Sewage  from  Gardner, 


[Parts  per  100,000.] 


Ammonia. 

• 

a 

1 

NlTBOOBX  A8 

OXTOKX  COXSCMBD. 

Iron.       j 

S 

c 

3 

i 
i 

ALBUMINOID. 

s 

*-> 

• 

S 

§ 

• 
•** 

a 

a 

i 

=3 

oflltered. 

1 

i 

ha 

• 

3 

•6 
e 

** 

AS 

im- 
pended. 

U* 

H 

Q 

CD 

o 

fc 

fc 

1           & 

£h 

1      D 

E 

to* 

1.7800 

0.3080 

0.1980 

0.1100 

2.79 

.0100 

.0140 

1 

'    3.9000 

2.8860 

i 

.0600 

.0360  /' 

3.0 

1 

0.4720 

0.0520 

0.0420 

0.0100 

1.80 

.0400 

.0050 

"    0.4624 

0.4280 

.0230 

.0100    ' 

1.7 

2 

1.4400 

0.0406 

0.0286 

0.Q120 

2.41 

.0200 

.0180 

1    3.1360 

2.7200 

.0600 

.0400    j 

3.1 

3 

1.2000 

0.3160 

0.1760 

0.1400 

2.00 

.0680 

.0140 

|    8.4160 

2.2800 

.0460 

.0280  ! 

3.1 

4 

1.1200 

0.3240 

0.2640 

0.0600 

2.40 

.1560 

.0400 

3.0030 

2.2380 

.0740 

.0500 

3.2 

5 

1.1200 

0.4460 

0.2840 

0.1620 

2.42 

.0400 

.0080 

1    4.0290 

2.7255 

.1300 

.0400    ; 

8.9 

6 

0.9520 

0.2540 

0.1300 

0.1240 

2.41 

.1250 

.0100 

2.1330 

1.4220 

.0560 

.0200   i 

3.4 

7 

1.8560 

0.3640 

0.2000 

0.1640 

2.56 

.0050 

.0000 

2.6830 

2.0910 

.0800 

.0240   , 

3.0 

8 

2.0800 

0.4640 

0.1980 

0.2660 

'  2.00 

.0000 

.0000 

8.6574 

1.4476 

- 

• 

3.5 

9 

1.9840 

0.5200 

0.8100 

0.2100 

2.97 

.0000 

.0000 

- 

1.7248 

— 

• 

2.9 

10 

1.0880 

0.3860 

0.1480 

0.2380 

2.20 

.0000 

.0000 

8.2340 

1.7941 

— 

— 

4.6 

11 

2.0100 

0.4560 

0.2140 

0.2420 

3.01 

.0000 

.0000 

2.6564 

2.0328 

.0500 

.0200    l 

2.3 

12 

1.9600 

0.4140 

0.1620 

0.2520 

2.75 

.0000 

.0000 

3.8000 

1.2768 

.4700 

.0620  .1 

2.7 

13 

0.9920 

0.2640 

0.1500 

0.1140 

2.20 

.0050 

.0140 

4.7190 

3.8610 

.0660 

.0400    i 

2.6 

14 

1.9680 

0.5420 

0.3820 

0.1600 
0.1675 

2.38 

.0050 

.0020 

!    3.5574 

i 

2.5664 

.0400 
.1067 

.0260  ,j 

2.9 
3.1 

16 

1.5713 

0.3695 

0.2020 

2.47 

.0208 

.0063 

|    3.2724 

2.1812 

.0336 

16 

0.9920 

0.3160 

0.1820 

0.1340 

2.12 

.0120 

.0180 

1 

4.3290 

2.9640 

.0520 

.0300 

2.6 

17 

1.6640 

2.1120 

0.9600 

1.1520 

2.05 

.0000 

.0200 

5.2930 

3.5945 

.0500 

.0250    | 

3.9 

18 

1.5200 

0.4800 

0.3700 

0.1100 

2.80 

.0050 

.0080 

3.7600 

2.1760 

.0400 

.0200 

2.3 

19 

2.5920 

0.6140 

0.3960 

0.2180 

2.40 

.0000 

.0000 

1     6.7545 

4.4082 

.0820 

.0320    | 

3.8 

20 

1.5360 

0.6460 

0.3240 

0.3220 

2.60 

.0050 

.0200 

1    4.7360 

2.6800 

.0450 

.0420 

3.2 

21 

1.2640 

0.4200 

0.2200 

0.2000 

2.30 

.0000 

.0400 

1    2.9260 

i 

1.6170 

.0700 

.0350 

3.4 

22 

0.7680 

0.2280 

0.1260 

0.1020 

2.75 

.1300 

.0340 

2.1406 

1.6400 

.0950 

.0240    i 

3.9 

23 

1.4400 

0.4920 

0.1840 

0.3080 

1.95 

.0050 

.0000 

6.5695 

1.7380 

.1800 

.0660 

3.1 

24 

1.3440 

0.4440 

0.1900 

0.2540 

3.05 

.0000 

.0000 

,    3.3930 

1.5990 

.0600 

.0330 

3.2 

25 

2.1120 

0.6440 

0.2300 

0.4140 

2.70 

.0000 

.0000 

|    3.2625 

2.0626 

.0800 

.0540 

3.4 

26 

2.2400 

0.7140 

0.3100 

0.4040 

3.60 

.0030 

.0000 

|    4.9140 

2.3400 

.1240 

.0740  ( 

5.1 

27 

1.6000 

0.6900 

0.3200 

0.3700 

3.00 

.0000 

.0000 

|    6.8250 

2.4180 

- 

- 

3.8 

28 

0.9920 

0.3460 

0.1200 

0.2260 

3.00 

.0030 

.0000 

!    4.2276 

2.1294 

.0800 

.0380 

4.3 

1  29 

2.6880 

0.6460 

0.2760 

0.3700 

8.30 

.0030 

.0000 
.0280 

4.8360 

2.0436 

.1040 

.0520 

3.6 

80 

1.8800 

0.4120 

0.3080 

0.1040 

2.93 

.0450 

3.6036 

2.6910 

.0340 

.0160 

3.8 

31 

1.8240 

0.0240 

0.0170 
0.2621 

0.0070 

j    2.40 

.1860 

.0400 

1.8634 

1.2320 

.0400 
.0775 

.0240  , 

4.9 

32 

1.6517 

0.5597 

0.2976 

\    2.76 

.0225 

.0100 

4.3167 

2.2126 

.0377 

3.8 

|  33 

Odor,  offensive. The  sewage  was  collected  as  it  flowed  upon  the  beds. 
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Chemical  Examination  of  Effluent  from  the 

[Parts  per  100,000.] 


1 
2 
3 
4 

6 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 
18 
19 
20 
21 
22 
23 
24 


0> 

-a 

a 

s 


c 
o 

cO 


Appbakakck. 


Turbidity. 


i: 
._  i. 


Odor. 


Sediment. 


o 

o 


Cold. 


Hot. 


I     1894.     . 

11626 1  Jan.     11     Decided,        j  Slight. 

milky. 


11762  I  Feb.  13  ,  Distinct. 

11812   Feb.  26  i  Very  alight, 
i  ;  milky. 

11882    Mar.  13  p  Distinct. 

11954    Mar.  27  I'  Slight,  milky. 


12031  |  April  11 
12103  I  April  25 
12183 '  May  0 
12359   Jane    12 


12509 
12683 
12945 
18120 
18298 
13472 


July  10 

Aug.  8 

Sept.  12 

Oet.  10 

Nov.  13 

Dec.  11 


Av. 

13638 
13784 
13818 
13895 
13977 
14044 


I 


Distinct, 

milky. 
Distinct, 

milky. 
Slight,  milky 

Slight,  milky. 

Distinct, 

milky. 
811ght, milky. 

Distinct, 

milky. 
Distinct, 

milky. 
Distinct, 

milky. 
Very  slight, 

milky. 


Very  slight, 

white. 
Very  slight. 

Very  slight. 

Slight. 

Very  slight. 

Cons.  floe. 

Slight. 

Very  slight. 

Slight. 

81ight,  white. 

Slight,  white. 

Cons.,  white. 

Slight,  white. 

Very  slight. 


i 
0.20,;  Offensive. 


0.301 1  Offensive. 

O.io'  Decidedly  masty 
1 1    and  disagreeable. 

0.201  Offensive. 

i 

0.23  |  Offensive. 

I| 
0.10;  Decidedly  mnsty. 


0.08 
0.10 
0.10 
0.05 


Decidedly  musty. 

Decidedly  musty 

and  disagreeable. 
Decidedly  musty. 

Decidedly  musty. 


1895.     j1 
Jan.      9  ;l  Distinct, 

!!  milky. 

Feb.      7  ,  Decided, 

j  white. 

Feb.    13   I  Decided, 

milky. 
Feb.     27  I   Decided. 


0.07  |  Distinctly  musty 
':       and  unpleasant. 
Decidedly 

disagreeable. 
Offensive. 


0.10 
0.08 
0.08 


Offensive. 


0.23.i  Decidedly  musty 
1 1    and  disagreeable. 


Offensive. 

Offensive. 

Decidedly  musty 
and  disagreeable 
Offensive. 

Offensive. 

Offensive. 

Offensive. 

Decidedly  musty 

and  disagreeable. 
Distinctly  mouldy. 

Decidedly  musty. 

Decidedly  musty. 

Distinctly 

disagreeable. 
Offensive. 

Decidedly  musty. 

Offensive. 


Slight. 

Cons.,  light 

colored. 
Cons.,  gray. 


0.13 


,0.30 


I 


Mar.    13     Decided. 

r 

Mar.    26  ,"<  Decided. 


14127  '  April  10  |  Decided. 


27 


14840 


Cons.,  gray. 
Cons. 
Slight. 
Cons.,  rusty. 
Slight. 
Slight. 
Cons. 
Aug.    14  I1  Slight, milky.  Slight. 


,! 


14298,  May  14   .Distinct, 
j  I1  milky. 

25  !  14469  I  June  12  ;]  Distinct, 
I            !  I  milky. 

26  14645  ,  July  17  ',  Distinct. 


28  .  15161 1  Sept.  12     Slight. 
i            j  i, 

29  I  15391  '  Oct.  16  ,  Distinct, 

,  I  white. 

30  15647  '  Nov.  13  !  Slight,  milky. 


31 
32 
33 


Slight. 

Cons.,  white. 

Slight. 
I  i 

,  Very  slight. 


10.38 

I 

0.60 

1.05 

I 

1.00' 

1.201 

,' 
1.25 

i, 
0.12! 

0.07'i 

i 

0.05,' 

i 

0.10 

I: 
0.08; 

O.lOii 

ll 

0.15 


Distinctly  musty 
and  dlSHgreeable. 

Distinctly  musty 
and  disagreeable. 

Offensive. 

Offensive. 

Offensive. 

Offensive. 

Offensive. 

Decidedly  musty. 

Offensive. 

Offensive. 

Distinctly  musty 

and  disagreeable. 
Distinctly 

unpleasant. 
Offensive. 


16724    Dec.     11     Distinct. 

Slight, milky.  Slight. 


I     1896. 

15823    Jan.       1 


Decidedly  musty 

and  disagreeable. 
Decidedly 

disagreeable,  j 


I 


0.30, 

\ 

0.27    Offensive. 


Decidedly  mu>-ty 

and  disagreeable. 
Decidedly  muciy 

and  offensive. 
Offensive. 

Offensive. 

Offensive. 

Offensive. 

Offensive. 

Decidedly  musty 

and  disagreeable. 
Offensive. 

Offensive. 

Decidedly  mnsty. 

Decidedly  mu&ty. 

Offensive. 

Decidedly  musty 
and  disagreeable 
Decidedly  muoty. 


~5£ 


11.70 
11. » 
ll.» 
13.50 
22.44 
14.U 
20.» 
16.40 
24.30 
22.® 
24.71 
13.90 
18.W 
14.» 
12.19 

17.03 

12.40 

12.60 
13.50 

IT.  W 
12. » 
11.50 

14.10 
•29.70 
20.W 
19.40 
20.40 
24. 21 

17.40 

20. 00 


Distinctly  musty 
and  disagreeable 


Av. 


0.3 


17.* 
18-44 

i 

The  samples  were  collected  from  the  main  under- 
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Main  Under-drain  of  the  Gardner  Filter-beds. 

[Part*  per  100,000.] 


i 
Ammokia.             i 

Chlorine. 

NlTBOOBK  AS 

t 

I 

a 

i5 

M 

o 

• 

Hardness. 

• 

s 

s 

• 

I 

• 

S 

o 

±  a 

3 

• 

8 

s 

• 

8 

••* 

3 

0.8800 

.0560 

2.40 

0.0200 

.0016 

0.5928 

8.0 

.0260 

1 

0.0280 

.0570 

2.49 

0.1800 

.0020 

0.5760 

2.3 

.0680 

2 

1.0000 

.0480 

2.64 

0.1000 

.0030 

0.6280 

2.7 

.0170 

8 

0.7300 

.0530 

1.81 

0.3000 

.0400 

0.5656 

3.5 

.0380 

4 

1.0400 

.0570 

1.82 

2.0000 

.1600 

0.8086 

6.8 

.0400 

5 

0.4000 

.0390 

2.17 

0.3900 

.0110 

0.4700 

2.9 

.0240 

6 

0.3040 

.0610 

2.24 

1.2600 

.0200 

0.8950 

6.1 

.0180 

7 

0.2120 

.0370 

1.83 

0.6600 

.1000 

0.4936 

4.4 

.0200 

8 

0.1440 

.0230 

2.89 

1.1260 

.0080 

0.2487 

6.0 

- 

9 

0.1200 

.0260 

2.40 

1.6000 

.0160 

0.8041 

6.4 

.0260 

10 

0.0600 

.0210 

1.60 

2.5000 

.0004 

0.2464 

6.9 

.0080 

11 

0.1840 

.0380 

1.66 

0.6000 

.0230 

0.4312 

2.6 

.0500 

12 

0.1600 

.0370 

1.65 

1.8750 

.0200 

0.8040 

6.6 

.0160 

13 

0.2440 

.0420 

2.70 

0.6800 

.0160 

0.4430 

8.1 

.0080 

14 

0.8000 

.0620 

2.24 

0.2800 

.0080 

0.4297 

2.6 

.0070 

15 

0.4170 

.0403 

2.12 

0.9867 

.0253 

0.4804 

4.2 

.0239 

16 

0.0440 

.0680 

2.00 

0.1400 

.0020 

0.6240 

2.7 

.0200 

17 

0.0920 

.0840 

1.94 

0.0650 

.0020 

0.7268 

2.7 

.0700 

18 

0.2960 

.1020 

2.50 

0.1000 

.0010 

0.8040 

2.5 

.1100 

19 

1.8560 

.1580 

2.60 

•    0.0150 

.0020 

1.1889 

8.8 

.3250 

20 

1.6000 

.1180 

2.26 

0.0350 

.0020 

1.1160 

2.7 

.8250 

21 

1.0560 

.1160 

2.16 

0.0350 

.0050 

0.7981 

2.7 

.2600 

22 

0.1440 

.0900 

2.40 

0.0900 

.0060 

0.8816 

2.6 

.4900 

28 

0.2880 

.0260 

2.00 

2.4500 

.0030 

0.3278 

8.3 

.0370 

24 

0.1960 

.0830 

2.05 

0.9600 

.0180 

0.8916 

4.3 

.2600 

25 

0.2200 

.0380 

2.80 

1.0750 

.0040 

0.3526 

6.6 

.0520 

26 

0.2120 

.0320 

2.00 

1.1000 

.0040 

0.3744 

4.7 

.0430 

27 

0.5040 

.0440 

8.80 

1.3750 

.0100 

1.0920 

4.3 

.0880 

28 

0.3600 

.0190 

3.05 

0.6500 

.0130 

0.3136 

8.6 

.0200 

29 

0.0320 

.0350 

3.15 

0.4500 

.0200 

0.4173 

3.6 

.0380 

80 

0.7760 

.0260 

3.00 

0.8000 

.0750 

0.5460 

4.9 

.0660 

31 

0.6400 

.0880 

2.80 

0.6500 

.0500 

0.4605 

3.9 

.0530 

32 

0.6030 

.0662 

2.63 

0.7550 

.0119 

0.6089 

4.2 

.1369 

83 

drain  at  the  point  where  It  discharges  into  the  brook. 
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Chemical  Examination  of  Water  from  Pond  Brook  above  the  Gardner  Filter-beds. 

[PuU  per  100,000.) 


Iron,  .1100.    Odor,  unity  or  offeniln. The  mm  piss  were  collactxl  from  ibe  brook,  tbon 


Chemical  Examination  of  Water  from  Pond  Brook  below  the  Gardner  Filler-beds. 

[Parti  per  100,000.) 


uop]»iarjt. The  nnraplei  were  collected  from  [be  I 


Sewage  Disposal  of  Marlborough. 
The  sewerage  system  of  the  city  of  Marlborough  (population  in 
1895,  14,977)  was  completed  late  in  1891,  and  at  the  end  of  1895 
there  were  about  1,252  connections,  including  all  of  the  larger  build- 
ings, such  as  hotels,  factories,  etc. ;  the  total  length  of  sewers  was 
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22.07  miles.  The  so-called  "separate  system"  was  adopted,  but 
do  wider-drains  were  laid  beneath  the  sewers,  and  a  large  amount 
of  ground  water  enters  them  at  certain  seasons  of  the  year. 

As  the  sewage  arrives  at  the  disposal  field  it  passes  through  dupli- 
cate separating  tanks  and  screens  before  passing  into  the  distributing 
pipes.  Each  tank  is  about  25  feet  long,  6|  feet  wide  and  6  feet 
deep.  The  screens  are  of  wire,  and  have  a  1-inch  mesh.  The 
sludge  which  is  deposited  in  the  tanks  flows  by  gravity  to  beds 
prepared  for  this  purpose. 

The  total  area  of  the  tract  bought  by  the  city  is  62.7  acres. 
Upon  this  tract  13  sewage  beds  with  a  total  area  of  9.6  acres  and 
6  sludge  beds  with  a  total  area  of  1.7  acres  have  been  prepared  for 
the  disposal  of  the  sewage  and  sludge.  The  material  of  the  beds 
is  finer  than  that  of  Framingham  or  Gardner,  and  has  an  effective 
size  of  0.12  to  0.14  millimeters.  The  area  has  a  moderate  slope 
toward  a  small  brook,  and  is  from  7  to  22  feet  above  it.  The  beds 
are  thoroughly  under-drained  by  means  of  parallel  lines  of  pipe,  50 
feet  apart  and  about  6  feet  beneath  the  surface.  All  these  drains 
discharge  into  the  brook  before  mentioned. 

The  sewage  is  ordinary  city  sewage,  varying  in  strength  from 
time  to  time  with  the  amount  of  ground  water  which  enters  the 
sewers.  The  quantity  of  sewage  is  not  known,  but  the  dry  weather 
flow  is  probably  in  the  neighborhood  of  500,000  gallons  per  day. 

For  the  results  of  chemical  and  bacterial  analyses  of  hourly 
samples,  showing  the  variation  in  the  summer  sewage  as  it  flowed 
into  the  settling  tanks,  reference  is  made  to  page  467  of  the  annual 
report  for  1894  and  page  455  of  this  volume.  In  the  same  tables 
hourly  measurements  of  flow  will  also  be  found.  Each  bed  gener- 
ally receives  the  sewage  for  twenty-four  hours,  unless  the  quantity 
of  sewage  is  so  great  as  to  cause  it  to  overflow  its  banks ;  and  the 
sewage  disappears  from  the  surface  in  from  one  to  ten  days  after 
receiving  the  dose. 

The  surfaces  are  ploughed  and  harrowed  about  once  in  three 
weeks,  the  sludge  being  raked  from  the  surface  before  the  bed  is 
ploughed.  After  this  treatment  the  sewage  disappears  from  the 
bed  rapidly,  the  length  of  time  taken  for  it  to  pass  through  the 
filter  increasing  with  each  application  of  sewage. 

In  the  fall  the  surfaces  of  the  beds  are  furrowed  with  a  disc 
harrow  and  in  the  winter  the  sewage  is  applied  to  the  beds  for  not 
more  than  half  a  day  at  a  time.     The  capacity  of  the  field,  howev^ 
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is  insufficient  for  the  flow,  during  wet  weather.  At  such  times  a 
portion  of  the  sewage  flows  directly  into  the  brook. 

The  separating  tanks  are  emptied  once  in  two  weeks,  and  the 
sludge,  after  being  dried  on  the  beds  prepared  for  the  purpose,  is 
carted  away  by  the  farmers  for  use  upon  the  land  as  a  fertilizer. 

It  has  not  been  the  custom  to  employ  a  man  constantly  in  caring 
for  the  beds,  as  in  the  cases  of  Brockton,  Framingham  and  Gardner, 
but  to  employ  a  man  living  in  the  neighborhood  to  attend  to 
changing  the  flow  of  sewage  from  bed  to  bed  and  to  remove  the 
scum  from  the  surface  of  the  beds,  paying  him  by  the  hour  for  the 


Chemical  Examination  of 


[Parts  per  100,000.] 


1 
S 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 


18 


17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
SO 
31 
32 


2 

a 

0 


© 


s 
.2 

o 


11619 

11768 

11814 

11886 

11960 

12038 

12111  i 

12189  I 

12362' 

12622 ! 

12720 

12946 

13126 

13316 

13481 


Av. 


1804. 

Jan.  9 
Feb.  14 
Feb.  27 
Mar.  13 
Mar.  27 
April  14 
April  25 
May  9 
Jane  11 
July  10 
Aug.  9 
Sept.  12 
Oct.  12 
Nov.  14 
Dec.   13 


Appearance. 


Residue  us  Evaporation. 


Turbidity. 


Sediment. 


.1 
o 


Decided,  thick. 

Thick. 

Thick. 

Decided. 

Decided. 

Decided. 

Decided. 

Decided,  milky. 

Thick. 

Thick,  dark. 

Thick. 

Thick. 

Decided. 

Decided. 

Decided. 


Heavy,  dark. 
Heavy. 
Heavy,  gray. 
Cons.,  gray. 
Heavy,  gray. 
Heavy,  gray. 
Heavy,  gray. 
Heavy,  gray. 
Heavy,  dark. 
Heavy,  black. 
Heavy,  dark. 
V.  heavy,  dark.' 
Heavy,  gray.     I 
'  Heavy,  gray. 
Heavy,  brown. 


0.60 
0.70 
1.60 
0.30 
0.50 
0.33 
0.60 
0.60 
0.60 

1.50 

• 

0.70 
1.50 
0.80 
2.00 


13649 
13715 
13857 
13901 
13984 
14049 
14135 
14364 
14476 
14649 
14813 
15215 
16397 
15551 
15727 
15811 


1893. 

Jan.  11 
Jan.  23 
Feb.  18 
Feb.  28 
Mar.  15 
Mar.  26 
April  10 
May  22 
June  17 
July  17 
Aug.  11 
Sept.  17 
Oct.  16 
Nov.  14 
Dec.  11 
Dec.   26 


33  i  Av. 


Decided. 

Decided. 

Thick. 

Decided. 

Decided. 

Thick. 

Decided. 

Decided. 

Distinct. 

Decided. 

Decided. 

Thick. 

Decided,  milky. 

Distinct. 

Decided. 

Distinct. 


Heavy,  gray.     I 
Heavy,  gray. 
Heavy,  brown. 
Cons.,  dirty. 
Heavy,  gray. 
Heavy,  white. 
Cons. 
Heavy. 
Slight. 
Cons.,  gray. 
V. heavy, black. 
Heavy,  dark. 
Heavy, grayish. 
Cons.,  white. 
Heavy. 
Cons. 


0.60 
0.50 

0.18 
0.20 
0.50 
0.40 
0.90 
0.55 
0.23 
0.40 

0.40 
0.10 
0.60 
0.30 


TOTAL  EK8IDCE. 

i 

* 

2 

# 

> 

« 

3 

ii 

H 

ft 

GO 

LOSS  OK   IOMTIOS. 


■^ 

™ 

Zj 

V 

. 

>■ 

•9 

o 

si 

H 

^ 

X 

66.80 
57.601 
46.40> 
32.40| 
37.80 
40.001 
82.60 
37.80, 
74.20 
101.40 
57.40 
70.60 
88.40 
47.40 
75.90 


33.80 
34.201 
32.80 
•26.60 
30.00, 
26.001 
24.80! 
29.40 
57.20 
63.40 
33.60 
28.40 
29.00 
31.80 
40.80 


23.00 

23.40 

13.60 

5.80 

7.80 

15.00 

7.80 

8.40 

17.00 

48.00 

23.80 

42.20 

59.40 

15.60 

35.10 


27.20 
28.20 
20.40 
12.00 
10.00 
10.20 
11.00 
15.20 
24.20 
64.40 
28.60 
47.80 
56.20 
19.20 
35.80 


8.80 
9.00 

10.00 
6.80 
4.20 
7.00 
5.20 
8.80 

14.40 

18.0D 
6.40 

11.60 
7.20 
8.00 
8.1*) 


18.40 

19.20 

10.40 

5.10 

».*> 

3.30 

6.40 

6.40 

9.80 

36.40 

22.20 

m.-:o 

49.00 
11.20 
^6.90 


1 

61.11 

i 

35.34 

i 
25.77, 

29.57  ' 

9.4C 

JO.  13 

37.10 

25.60 

11. 601' 

13.80 

4.10 

9.70 

40.10 

29.30 

10.80, 

16.70 

7.90 

s.so 

93.10 

47.80 

45.30 

57.40 

18.90 

35.50 

42.00 

23.30 

18.70 

22.60 

5.40 

17.20 

24.60, 

21.10 

3.40 

7.60 

5.40 

2.10 

47.80 

27.80 

20.00. 

22.40 

6.70 

15.70 

35.60 

26.20 

9.301 

13.40 

7.50 

5.90 

49.40 

35.80 

13.60: 

22.80 

12.00 

10.S0 

24.60 

23.00 

1.60 

4.90 

4.30 

0.4) 

27.80] 

22.20 

5.60. 

10.20 

5.60 

4.W 

78.601 

23.60 

65.00 

31.20 

5.00 

26.20 

60.70| 

45.50 

;  16. 20 ' 

26.70 

14.30 

12.40 

37.40' 

28.00 

i     9.40 

13.60 

6.10 

7.40 

23.00 

22.20 

0.80' 

8.00 

7.80 

0.20 

32.60 

26.00 

|    6.60, 

13.80 

9.2rt 

4.S0 

29.80 

22.80 

1    7.001 

1            1 

10.00 

I 

4.40 

5.*> 

42.54   28.19    14. 351    17.73       7. SO      9.93 


*  Too  turbid  to  determine. 
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time  spent  on  the  work.     The  cost  of  all  work  done  on  the  beds 
during  1895  amounted  to  about  $1,000. 

At  times  there  has  been  considerable  odor  from  the  sludge  beds 
and  around  the  outlet  of  the  carriers,  but  this  has  been  overcome 
somewhat  by  the  use  of  lime.  The  average  analyses  for  the  year 
1894,  as  presented  in  the  following  tables,  indicate  that  about  95 
per  cent,  of  the  organic  matter,  as  represented  by  the  albuminoid 
ammonia,  was  .removed  from  that  portion  of  the  sewage  which  was 
applied  to  the  beds  during  that  year,  and  during  1895  the  percent- 
age of  organic  matter  removed  was  about  93. 

Sewage  front  Marlborough. 

{Part*  par  100,000.] 


bad  bean  aeparated  from  It. 
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Chemical  Examination  of  Effluent  from  the 

[Parts  per  100,000.] 


s 

s 

55 


11820   Jan.    *9 
11621   Jan.      0 


Feb.  14 

Feb.  14 

Feb.  27 

Feb.  27 

Mar.  13 

8  1 11888   Mar.  13 

0  ,  11961   Mar.  27 

10  >  11962   Mar.  27 


11769 
11770 
6  1 11815 

6  1 11816 

7  '  11887 

I 


AprEABAKCK. 


Odor. 


11  12039 

12  ,  12040 

13  1 12112 

i 

14  i  12113 


April  14 
April  14 
April  25 
April  25 


15  '  12190    May  9 

16  12191 !  May  9 

17  12363  i  June  11 

18  12364  .June  11 

19  12523    July  10 

20  12524    July  10 

21  12721  ,  Aug.  9 

22  12722  |  Aug.  9 

23  12947  ,  Sept.  12 

24  12945  ,  Sept.  12 

25  13127  '  Oct.  12 

26  13128    Oct.  12 

27  13317  |  Nov.  14 

28  13318 1  Nov.  14 

29  13482 1  Dec.  13 

30  13483    Dec.  13 

i 

31  '  Av.  ! 


Turbidity. 


Sediment. 


o 

o 
u 


Cold. 


c 
c 

o  c 


I 


Hot. 


Slight,  milky. 
None. 
Very  slight. 
81ight,  milky. 
SUght.milky. 
811ght,milky. 
Slighttmllky. 
Distinct. 

Very  slight, 
milky. 

Very  slight, 
milky. 

Very  slight. 

Very  slight. 

Very  slight. 

Very  slight. 

Very  slight. 

Slight, milky. 

Distinct, 

milky. 
Very  slight. 

Distinct, 

milky. 
Distinct, 

milky. 
Distinct, 

white. 
Decided. 

Decided, 

milky. 
Decided, 

milky. 
Distinct, 

milky. 
Slight. 

Distinct. 

1  Slight. 

Distinct, 

white. 
Slight. 


None. 

None. 

V.  slight. 

81ight. 

Slight,  rusty. 

Slight,  rusty. 

None. 

Very  slight. 

None.  ■ 

None. 

None. 

Cons.,  sand. 

Very  slight, 

white. 
Very  slight. 

Very  slight. 

Slight. 

Slight,  white. 

Very  slight. 

Slight,  rusty. 

Slight,  rusty. 

Slight,  white. 

Cons. 

Slight. 

Slight,  white. 

Cons.,  rusty. 

Slight,  gray. 

Slight,  white. 

Very  slight. 

Cons.,  white. 

Cons. 


.04 
.01 
.00 
.00 
.08 
.02 
.15 
.25 
.00 
.02 
.02 
.01 
.08 
.04 
.03 
.04 
.45 
.10 
.10 
.25 
.20 
.30 
.30 
.30 
.18 
.10 
i.15 
.08 
'.03 

.05 

I 

AS 


Decidedly  musty. 

Decidedly  musty. 

Decidedly  musty. 

Decidedly  musty. 

Offensive. 

jj  Decidedly  musty. 

Offensive. 

Offensive. 

Decidedly  musty 
.     and  disagreeable. 
I J  Offensive. 

i 

1 1  Decidedly  musty. 
1 1  Distinctly  musty. 
Ij  Decidedly  musty. 

i! 

I  Decidedly  musty. 

1  Offensive. 

'  Offensive. 
"l 
Offensive. 

Decidedly 

disagreeable. 
Decidedly 

disagreeable. 
Decidedly  disagree- 
1       able  and  musty. 
1   Distinctly  musty, 
I   very  disagreeable, 
i   Distinctly  musty 
<     and  disagreeable. 
I   Decidedly 
|  disagreeable. 

Decidedly 
1  disagreeable. 

I  Offensive. 

i'  Offensive. 
I 
I  Offensive. 

,  Offensive. 

I  Decidedly  musty 

i     and  disagreeable. 
'   Decidedly  musty 

II  and  disagreeable. 


Decidedly  musty. 
Decidedly  musty. 
Decidedly  musty. 
Decidedly  musty. 

Decidedly  musty 
and  disagreeable. 

Decidedly  musty 
and  disagreeable. 

Offensive. 

Offensive. 
Offensive. 
Offensive. 
Decidedly  musty. 
Decidedly  musty. 
Offensive. 
Decidedly  musty. 
Decidedly  musty. 
Offensive. 

Decidedly  musty 
and  disagreeable. 

Distinctly  musty 
and  disagreeable. 

Decidedly  musty. 

Distinctly  musty 

and  disagreeable. 
Distinctly  musty 

and  disagreeable. 
Distinctly  musty 

and  offensive. 
Distinctly 

disagreeable. 
Decidedly 

offensive. 
Offensive. 

Offensive. 

Offensive. 

Decidedly  musty 

and  disagreeable. 
Offensive. 

Decidedly  musty 
and  disagreoable. 


c 


.:  27.90 
'  30.90 
',  28.19 

28.90 

i 

25.80 

26.20 
'  22.70 
,  23.60 
,   26.2$ 

25.65 

I 

'   26.00 

,  26.70 

.<  27.40 

26.50 

'   27.20 

27.70 

26. » 

!  31.00 

44.50 

46.50 

44.20 

30.90 

43.M1 

37.30 

41.20 

35.10 

i 

29.10 
33.** 
32.50 
26.40 

32.  IS 
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Under-drains  of  the  Marlborough  Filter-beds. 
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Chemical  of  Effluent  from  the 

[Put*  p.r  100,000.] 


11  'I  Very  llllht.   1  Sllulit.  ruitv.    0.05    Dllllnetly  muity.     I  Plitlnclly  ranulT- 


The  umples  wore  collected  from  Ihc  i 
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Under-drains  of  the  Marlborough  FilUr-kfo  —  Concluded. 


o  which  mi|i  ra  being  applied  u  lha  time  ibe  umpl*  wat  collected. 
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u 

M 
S 

a 


C 
C 


1 

12102 

2 

12728 

8 

12949 

4 

13819 

6 

Av. 

6 

14478 

7 

14662 

8 

14816 

0 

16218 

10 

Av. 

1894. 

May      9 

Aug.  9 
Sept.  12 
Nov.    14 


Chemical  Examination  of  Water  from  the  Brook  into  which  the 

[Parts  per  100,000.] 


1899. 

Jane   17 

July  17 
Aug.  11 
Sept.  17 


Appearaxck. 


Turbidity. 


Sediment. 


Very  slight. 
Slight. 
Slight. 
Slight. 


Slight. 
Very  slight. 
Slight. 
Slight,  rusty. 


Slight,  brown. 
Slight. 
Cons. 
Cons. 


Cons. 
Cons. 
Slight. 
Cons.,  rusty. 


o 
a 


.66 
.25 
.12 
.80 


.81 

.20 
.28 
.18 
.10 


.19 


Odoe. 


Cold. 


Hot. 


Decidedly  musty 

and  disagreeable. 
Distinctly  vege- 
table and  musty. 
Faintly 

disagreeable. 
Faintly  musty. 


Distinctly  disagree- 
able and  musty. 
Decidedly  musty 

and  disagreeable. 
Faintly  vegetable 

and  musty. 
Faintly  musty. 


Distinctly  musty. 

Distinctly  vege- 
table and  musty. 
Distinctly  musty. 

Decidedly  musty. 


Distinctly  musty. 

Faintly  vegetable 

and  musty. 
Distinctly  vege- 
table and  musty. 
Distinctly  musty. 


Iron,  .0270. The  samples  were  collected  from  the  brook,  at  the  road  croaeiD?  bdov 


Sewage  Disposal  at  Medfield. 

A  system  of  sewage  disposal  by  intermittent  filtration  was  intro- 
duced at  Medfield  in  1886,  and  was  described  in  the  nineteenth 
annual  report  of  the  Board  for  the  year  1887.  Up  to  the  end  of 
1895  connections  had  been  made  with  1  hotel,  3  houses  and  a  large 
straw  factory,  in  which,  at  times,  as  many  as  900  operatives  are 
employed.  The  original  area  of  the  beds  was  about  1  acre.  The 
material  is  mostly  coarse  gravel.  As  the  level  of  the  ground  water 
is  about  10  feet  below  the  surface  of  the  filter,  there  are  no  under- 
drains.  There  are  4  beds,  the  surfaces  of  which  are  somewhat 
uneven,  each  of  which,  as  a  general  rule,  takes  the  sewage  in  turn 
for  two  days.     It  was  found  that  there  was  considerable  loam  a 
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Effluent  from  the  itarlborough  Sewage  Filler-beds  is  discharged. 

[Part*  per  100,000.] 
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the  filter-beds  and  below  where  the  effluent  from  the  fllter-bedi  enters  the  stream. 


short  distance  below  the  surface  of  a  portion  of  the  beds,  which 
eventually  became  clogged.  In  the  summer  of  1893  this  loam  was 
removed  and  replaced  with  coarse  gravel,  and  the  area  of  the  filter 
increased  about  one-third.  Several  times  during  the  warm  weather 
the  surfaces  were  harrowed,  but  they  have  not  been  ridged  for  ser- 
vice in  the  winter. 

No  trouble  has  arisen  from  odors.  In  the  following  tables  will 
>e  found  analyses  of  the  sewage,  and  of  the  effluent  taken  from  a 
pring  a  short  distance  below  the  filter.  The  effluent  is  of  excellent 
uality,  and  no  marked  deterioration  is  shown  by  the  analyses  when 
Dm  pared  with  those  made  in  1887,  after  the  works  had  been  in 
peration  for  a  comparatively  short  time. 
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Sewage  from  Medfield. 


[Parts  per  100,000.] 
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and  Id  many  cases  could  not  be  determined  satisfactorily. 

Odor,  offensive.  — —  The  samples  were  collected  as  the  sewage  flowed  upon  the  filter-beds. 


the  Filtration  Area  of  the  Medfield  Sewerage  System. 

[Parts  per  100.000.] 


Ammonia. 

• 

• 

Nitbookk  At 

• 

1 

S 

e  o 

M 

i 

a 

•E 

n 

• 

a 
2 

i 

•6 
© 

H 

• 

3 

| 

i 

h 

< 

o 

as 

% 

o 

a 

.0002 

.0034 

1.86 

0.200t> 

.0000 

0.1106 

3.0 

.0025 

1 

.0004 

.0056 

1.19 

0.1500 

.0000 

0.1200 

2.7 

.OlUO 

2 

.0008 

.0042 

0.95 

0.1250 

.0000 

0.0385 

2.9 

— 

3 

.0006 

.0070 

0.98 

0.3000 

.0002 

0.1 101 

3.6 

.0010 

4 

.0010 

.0120 

1.22 

0.9000 

.00ul 

0.2054 

6.7 

.0050 

6 

.0132 

.0284 

1.82 

0.2400 

.0000 

0.6698 

3.6 

.0030 

6 

.0027 

.0101 

1.25 

0.3192 

.0001 

0.1924 

3.8 

.0043 

7 

.0014 

.0042 

0.40 

0.1100 

.0001 

0.1344 

1.8 

.0010 

8 

.0066 

.0160 

1.15 

0.8000 

.6D00 

0.6406 

3.5 

.0030 

9 

.0004 

.0100 

0.76 

0.1000 

.0002 

0.4081 

2.3 

.0120 

10 

.0058 

.0130 

0.97 

0.1100 

.0020 

0.2106 

4.2 

.0250 

11 

.0550 

.0910 

6.00 

1.0500 

.0008 

1.3806 

12.9 

.0090 

12 

.0000 

.0030 

0.51 

0.1000 

.0003 

0.1108 

1.6 

.0050 

13 

.0115 

.0229 

1.63 

0.2950 

.0007 

0.4808 

4.4 

.0092 

14 

jver  260  feet  from  the  edge  of  the  nearest  bed.    The  ground  where  the  filter-beds  are  located  slopes  in 
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FOOD  AND  DRUG  INSPECTION. 


The  following  report  comprises  the  operations  of  the  Board  under 
the  provisions  of  the  food  and  drug  acts  for  the  year  ending  Sept. 
30,  1895. 

The  force  employed  by  the  Board  during  the  year  consisted  of 
the  following  persons  :  — 

Dr.  Charles  P.  Worcester, Analyst. 

Trot.  Charles  A.  Goessmank, Analyst, 

Mr.  Albert  £.  Leach, Assistant  Analyst, 

John  H.  Terry, Inspector. 

John  F   McCaffrey, Inspector. 

Horace  F.  Davis, Inspector. 

Thomas  O.  Allen, Inspector. 

In  addition  to  the  force  employed  in  1894,  Mr.  Thomas  O.  Allen 
was  appointed  by  the  Board  in  1895,  to  act  in  the  towns  in  the 
neighborhood  of  Lowell. 

The  whole  number  of  samples  of  food  and  drugs  (including  milk) 
examined  during  the  year  was  7,309,  or  435  more  than  the  number 
examined  in  the  year  ending  Sept.  30,  1894,  and  1,405  more  than 
the  average  annual  number  examined  in  the  ten  years  from  Sept. 
30,  1885,  to  Sept  30,  1895. 

The  whole  number  examined  since  the  beginning  of  operations  in 
this  department  in  1883  was  67,756. 

The  following  summary  embraces  the  work  done  during  the 
year:  — 

Number  of  samples  of  milk  examined, 8,79-4 

Number  of  samples  above  standard, 1,905 

Number  of  samples  below  standard, 1,889 

Percentage  of  adulteration  or  deficiency, 49.8 

Number  of  samples  of  other  kinds  of  food  (not  milk),         .        .  2,971 

Number  of  samples  above  standard, 2,879 

Number  of  samples  below  standard, 592 

Percentage  of  adulteration, .        .        .  Y&  A 
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Number  of  samples  of  drugs  examined, 544 

Number  of  samples  of  good  quality, 212 

Number  of  samples  adulterated,  as  defined  by  the  statutes,  .        .  832 

Percentage  of  adulteration, 61.0 

Total  number  of  samples  of  food  and  drugs  examined,        .  7,309 

Total  number  found  to  be  of  good  quality, 4,496 

Total  number  not  conforming  to  the  statutes,         ....  2,813 

Percentage  of  adulteration, 38.5   . 

Attention  has  already  been  called,  in  previous  reports,  to  the  fact 
that  the  percentages  given  in  the  foregoing  summary  do  not  repre- 
sent, in  any  degree,  the  actual  ratio  of  adulteration  existing  in  food 
products  and  in  drugs,  for  several  reasons :  chiefly  on  account  of 
the  fact  that  the  experience  of  the  Board  enables  it,  first,  to  exercise 
a  careful  selection  of  such  articles,  mainly,  as  are  liable  to  adultera- 
tion ;  secondly,  to  obtain  such  articles  in  those  seasons  of  the  year 
when  their  adulteration  is  most  common ;  and  third,  to  pay  special 
attention  to  new  forms  of  adulteration  which  are  constantly  appear- 
ing as  fast  as  the  fraud  and  ingenuity  of  the  professional  adulterator 
presents  them  to  the  public. 

Legislation  itself  has  an  effect  upon  the  ratio  of  samples  found  to 
be  adulterated.  For  example,  in  1885,  273  samples  of  vinegar 
were  examined  and  81  per  cent,  were  found  to  be  below  the  stand- 
ard. Had  these  samples  been  examined  in  the  following  year,  only 
61  per  cent,  would  have  fallen  below  the  standard,  since  the  standard 
of  acetic  acid  in  vinegar  was  reduced  by  the  law  of  1885  from  5 
per  cent,  to  4£  per  cent,  and  about  20  per  cent,  of  the  number  of 
samples  were  found  to  range  between  A\  and  5  per  cent. 

The  following  tables  present  a  summary  of  the  work  done  during: 
the  entire  period  from  the  beginning  of  operations  under  the  food 
and  drug  acts  in  1883  to  the  close  of  the  year  ending  Sept.  30, 
1895:  — 
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The  removal  of  the  office  of  the  Board,  as  well  as  the  laboratory 
for  food  and  drug  analysis,  to  the  present  quarters  under  one  roof  at 
the  State  House  has  proved  to  be  a  matter  of  great  convenience,  since 
it  not  only  allows  a  greater  amount  of  work  to  be  done,  but  also 
affords  better  opportunity  for  consultation  between  the  Board  and 
its  analysts  in  all  difficult  and  doubtful  cases. 

Milk. 

The  great  importance  of  milk  as  an  article  of  food  for  all  classes 
of  people,  and  especially  for  the  young,  the  ease  with  which  its 
adulteration  is  accomplished  and  the  difficulty  of  its  detection  by  the 
ordinary  consumer,  constituted  a  sufficient  reason  for  the  legal  re- 
quirement that  a  definite  and  comparatively  large  ratio  of  the  expense 
of  carrying  out  the  provisions  of  the  law  should  be  employed  in  the 
inspection  of  milk  and  its  products. 

The  questions  pertaining  to  commercial  fraud  in  the  sale  of  milk 
products  (milk,  butter  and  cheese)  are  sufficiently  provided  for  by 
existing  laws,  and  there  appears  to  be  a  tendency  at  the  present  time 
towards  legislation  in  the  more  important  direction  of  the  sanitary 
control  of  the  milk  supply.  The  recent  acts  providing  for  the  inspec- 
tion of  milch  cows,  and  the  destruction  of  such  as  are  found  to  be  dis- 
eased, undoubtedly  give  greater  security  to  the  consumers  of  milk. 

AVhile  this  is  eminently  desirable,  it  is  quite  as  necessary  that  legis- 
lation should  provide  for  prevention  of  the  recurrence  of  disease  in  the 
future  by  requiring  the  frequent  inspection,  by  competent  authority, 
of  the  places  in  which  dairy  animals  are  kept  for  the  production  of 
milk,  and  that  special  attention  should  be  paid  to  their  housing,  their 
water  supply,  the  ventilation  and  drainage  of  their  stables  and  the 
quality  of  their  food. 

During  the  past  few  years  the  Board  has  been  called  upon  fre- 
quently to  investigate  the  causes  of  outbreaks  of  typhoid  fever,  and 
in  several  instances  the  medium  of  infection  has  been  found  to  be  the 
milk  supply.  It  is  needless  to  add  that  carelessness  in  manage- 
ment and  want  of  cleanliness  in  some  of  the  details  of  dairy  work 
were  invariably  found  to  exist  in  such  cases.  Local  boards  of  health 
will  accomplish  much  by  encouraging  the  establishment  of  model 
dairies,  in  which  milk  is  produced  and  prepared  for  sale  under  the  best 
possible  conditions.  The  cost  of  such  milk  may  be  a  little  higher  to 
the  consumer,  but  the  security  which  is  gained  will  pay  in  the  end. 
The  game  is  well  worth  the  candle. 
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Several  points  in  the  reports  of  the  analysts  are  worthy  of  note. 
The  appearance,  during  the  year,  of  a  comparatively  new  coloring  mat- 
ter, employed  in  the  adulteration  of  milk,  has  led  to  a  careful  investi- 
gation of  its  character  and  composition.  The  substance  employed 
is  an  aniline  dye,  and  the  quantity  required  to  produce  the  color  of 
a  rich  milk  is  quite  small.  Fortunately,  the  dye  is  easy  of  detection 
when  introduced  into  milk,  as  is  shown  in  the  report  of  the  analyst. 

Attention  is  called  to  the  figures  showing  the  results  of  analysis  in 
a  case  where  the  analysis  of  nine  samples  was  made  by  three  chem- 
ists, the  chemist  of  the  Board  and  two  others  to  whom  the  samples 
were  submitted.  The  greatest  difference  in  these  analyses  was  only 
l\ftr  of  one  per  cent. 

The  claim  is  often  urged  by  milk  producers  that  it  is  impossible 
to  produce  milk  which  shall  uniformly  satisfy  the  requirements  of 
the  law,  and  instances  are  adduced  of  single  animals  of  some  par- 
ticular breed  which  produce  milk  of  a  quality  considerably  below 
the  legal  standard.  To  the  influence  thus  produced  by  the  employ- 
ment of  breeds  which  furnish  milk  of  a  low  standard  is  added  the 
effect  of  using  impoverished  food,  which  tends  to  increase  the  quan- 
tity of  milk  at  the  expense  of  its  quality. 

It  is,  however,  rare  to  find  a  herd  of  cows,  consisting,  as  is  usually 
the  case,  of  a  variety  of  breeds,  in  which  the  average  mixture  of  the 
milk  of  the  dairy  falls  below  the  legal  standard  of  solids.  It  is  not 
an  uncommon  event  to  find  that  the  milk  taken  on  the  street  from 
wagons,  under  the  ordinary  conditions  of  delivery,  is  nearly  or  quite 
as  good  as  that  which  is  produced  at  the  dairies. 

The  following  is  a  fair  samp'e  of  a  single  collection  of  milk  made 
in  one  city  in  the  month  of  July,  when  the  legal  standard  is  12  per 
cent. :  — 


i 


Inspector'*  Number. 


8421,  . 

8423,  . 
8425,  . 
8427,  . 
8429,  . 
8431,  . 
8433,  . 
8435,  . 
8437.  . 
8439,  . 
8441,  . 


Total  Solids. 


Wagon  or 
Shop. 


Inspector's  Number. 


Total  Solids. 


Wagon  or 

Shop. 


13.94 

Wagon. 

8443, 

13.50 

13.10 

Wagon. 

8445, 

12.27 

12.00 

Wagon. 

8447, 

13.35 

12.70 

Wagon. 

8449, 

12.64 

12.74 

Wagon. 

8451, 

15.67 

12.23 

Wagon. 

8453, 

12.82 

12.77 

Wagon. 

8455, 

12.40 

13.03 

Wagon. 

8457, 

12.84 

13.46 

Wagon. 

8459, 

12.64 

12,60 
13.00 

Wagon. 
Wagon. 

Average 

'»       • 

12.98 

Wagon. 
Wagon. 
Wagon. 
Wagon. 
Wagon. 
Wagon. 
Wragon. 
Wagon. 
Wagon. 
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A  table  of  analyses  of  different  brands  of  condensed  milk  is  pre- 
sented in  the  report,  showing  at  the  first  glance  a  fairly  uniform 
quality  in  the  samples  examined.  Close  inspection,  however,  shows 
considerable  differences  in  their  composition,  so  far  as  they  relate  to 
the  original  nutrient  constituents  of  the  milk  from  which  the  samples 
-were  made.  For  example,  the  proteids  showed  a  maximum  of  9.83 
per  cent,  and  a  minimum  of  5.95  per  cent.,  the  milk  sugar  a  maxi- 
mum of  20.06  per  cent,  and  a  minimum  of  7.05  per  cent.,  and  the 
fat  a  maximum  of  12.3  per  cent,  and  a  minimum  of  7.4  per  cent. 

The  average  constituents  of  the  thirty-three  samples  were  as  fol- 
lows :  — 

Total  solids, 72.32 

Water, 27.76 

Milk  solids 32.37 

Cane  sugar, 39.94 

Milk  sugar,  .                          13.01 

Proteids, 8.10 

Fat, 9.69 

Ash, „ 1.58 

Fat  in  original  milk,* 4.05 

As  is  quite  commonly  the  case,  the  prices  at  which  these  different 
brands  were  sold  afforded  no  indication  of  their  comparative  quality. 

Local  Inspection. 

The  statutes  provide  that  in  every  city  there  shall  be  a  local  in- 
pector  of  milk,  while  in  the  towns  the  law  is  permissive  only.  As 
he  towns  increase  in  population,  especially  in  the  metropolitan  dis- 
rict,  the  number  in  which  milk  inspectors  are  provided  by  the 
mnicipal  authorities  annually  increases,  and  thus  greater  protec- 
on  is  constantly  afforded  against  the  adulteration  of  this  important 
>od.  It  is  desirable  that  every  town  having  a  population  of  more 
jan  five  thousand  inhabitants  should  appoint  an  inspector,  and  give 
aim  such  support  in  carrying  out  the  law  as  the  subject  demands. 

Butter. 

The  fact  that  more  than  97  per  cent,  of  the  samples  of  butter 
obtained  by  the  inspectors  (186  out  of  191  samples)  proved  to  be 
genuine  is  a  fair  indication  of  the  methods  of  sale  of  this  article  in 
open  market,  and  of  the  extent  of  adulteration  or  of  illegal  sales, 

•  Assuming  a  standard  of  9.3  per  cent,  for  solids  not  fat. 
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since  the  inspectors  in  obtaining  samples  of  butter  at  retail  have 
diligently  sought  for  places  where  adulteration  would  be  most  liable 
to  exist. 

Lard. 

Special  attention  has  been  paid  by  the  analyst  to  the  examination 
of  lard  and  to  the  different  methods  of  detection  of  its  two  princi- 
pal adulterants,  —  cotton  seed  oil  and  the  fats  of  beef,  — since  the 
presence  of  adulterated  lard  in  the  cities  of  Massachusetts  has  in- 
creased quite  recently  to  a  considerable  degree. 

Spices. 

The  examination  of  spices  shows  a  wholesome  state  of  the  market 
as  compared  with  that  of  1883-84  (the  beginning  of  operations 
under  the  food  acts),  when  65  per  cent,  of  spices  examined  were 
found  to  be  adulterated.  The  percentage  of  adulteration  last  year 
was  16.3  per  cent.,  or  about  one-fourth  of  that  which  prevailed  a 
dozen  years  since. 

Maple  Syrup  and  Sugar. 

These  valuable  products  of  the  rock  or  sugar  maple  tree  have 
been  made  the  subjects  of  careful  study,  and  some  advance  has  been 
made  in  the  matter  of  distinguishing  the  different  varieties  of  susrar 
which  closely  resemble  cane  sugar  in  their  chemical  composition. 
The  rough  inspection  afforded  by  the  senses  of  sight,  taste  and 
smell  still  give  important  aid  in  the  examination  of  these  articles. 

Egg  Substitutes. 

The  analysis  of  these  preparations  shows  how  little  reliance  can 
be  placed  in  the  statements  of  the  inventors  or  manufacturers  of 
new  or  patent  food  preparations  with  reference  to  their  actual 
nutrient  value. 

Cooking  Utensils. 

While  the  food  and  drug  act  of  Massachusetts  does  not  provide, 
as  in  some  countries,  for  the  inspection  of  the  utensils  in  which  food 
is  prepared  for  use,  the  Board  has  deemed  it  proper  to  make  such 
investigations  in  this  direction  as  may  he  necessary  for  the  protec- 
tion of  the  public.  Considerable  agitation  having  arisen  during  the 
year,  as  shown  by  comments  in  the  newspapers,  in  regard  to  the 
possible  danger  which  might  arise  from  the  use  of  "  agate,"  "  gran- 
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ite  "  or  enamelled  ware,  which  is  largely  sold  for  culinary  purposes, 
the  Board  ordered  an  examination  to  be  made.  It  had  been  charged 
that  the  enamelled  coating  of  such  utensils  contained  arsenic. 
Arsenic  was  found  in  only  one  instance,  and  in  that  case  the 
quantity  was  inconsiderable  and  such  only  as  might  have  been  due 
to  a  slight  impurity  in  the  material  used  for  glazing.  More  than 
half  of  the  utensils  contained  antimony. 


The  following  figures  afford  a  very  good  illustration  of  the  advan- 
tages secured  by  the  enactment  of  a  well-devised  food  and  drug 
statute. 

In  1884,  soon  after  the  enactment  of  the  law  and  before  an  ade- 
quate appropriation  had  been  provided  for  its  enforcement,  an  exam- 
ination of  spices  and  cream  of  tartar,  and  other  articles  of  food,  as 
sold  in  open  market  in  Massachusetts  gave  the  following  results  :  — 

Samples  of  spices  collected  in  1884,  431.  Number  adulterated,  216,  or  50.1  per 
cent. 

Samples  of  spices  collected  in  July,  1896,  78.  Number  adulterated,  2,  or  2.6 
per  cent. 

Samples  of  cream  of  tartar  collected  in  1884, 232.  Number  adulterated,  77,  or 
83.2  per  cent. 

Samples  of  cream  of  tartar  collected  in  July,  1896,  25,  of  which  1  was  adul- 
terated, or  4  per  cent. 

Out  of  123  samples  of  butter,  cheese,  tea,  coffee  and  confectionery  collected  in 
1884, 15,  or  12.2  per  cent.,  were  adulterated. 

Out  of  82  samples  of  the  same  articles  collected  under  similar  conditions  in  July, 
1896,  all  proved  to  be  genuine. 

Drugs. 

The  principal  drugs  found  to  be  adulterated  by  the  analyst  are  as 
follows :  — 

Ether,  distilled  water,  extract  of  licorice,  compound  spirits  of 
ether,  spirits  of  nitrous  ether  (all  below  standard  and  more  than 
half  showing  hss  than  50  per  cent,  of  the  required  strength),  the 
pharmacopocial  wines  and  liquor,  tincture  of  opium,  officinal  snap 
and  mercuric  ointment.  Much  greater  care  is  necessary  in  the  prep- 
aration of  distilled  water.  Its  use  for  preparing  eye-lotions,  for 
the  solution  of  nitrate  of  silver  and  other  salts,  and  mnny  other 
purposes  requiring  pure  water,  calls  for  a  carefully  made  article, 
and  yet  it  was  quite  commonly  found  on  analysis  to  be  nothing  Wv> 


648 


STATE  BOARD  OF  HEALTH.  [Pub.  Doc. 


the  tap-water  of  the  city  or  town  supply,  and  in  one  instance  it 
contained  more  impurities  than  ordinary  sewage.  It  is  needless  to 
say  that  a  conviction  and  fine  followed  close  upon  this  sale. 

Notices. 

The  following  are  the  names  of  the  cities  and  towns  to  which 
warning  notices  were  sent  during  the  year,  stating  that  the  parties 
to  whom  they  were  sent  were  found  to  be  retailing  food  and  drugs 
which  were  below  the  required  standard  of  purity. 

This  form  of  notice  was  adopted  for  the  purpose  of  giving  infor- 
mation to  retailers,  where  there  is  presumptive  evidence  that  they 
are  not  aware  of  the  fact  that  the  articles  in  question  are  below  the 
standard  quality  required  by  the  statutes.  Such  notices  are  not 
required  by  the  statutes,  and  failure  to  receive  them  does  not  ex- 
empt the  retailer  from  liability  to  complaint  at  court. 

Cities  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Milk. 


Barre, 2 

Natick, l 

Bedford, 

1 

Newton, 

4 

Berlin,    . 

2 

Onset  Bay, 

1 

Boston,  . 

2 

Peabody, 

1 

Brockton, 

3 

Provincetown 

» 

9 

•                m 

Brookline, 

1 

Quincy, . 

s 

Cambridge, 

.      25 

Revere,  . 

4 

Chelsea, 

.      14 

Rochester, 

1 

Clinton, . 

1 

Salem,   . 

4 

Dedham, 

6 

Somerville, 

.      18 

Deerfield, 

1 

Stoneham, 

4 

Dover,    . 

1 

Stoughton,     . 

9 

m 

Everett,. 

.      16 

Sudburv, 

.1 

Fall  River,     , 

8 

Waltham, 

9 

m 

Gardner, 

2 

Ware,     . 

1 

Gloucester,     . 

8 

Wareham, 

1 

Hard  wick, 

3 

Watertown,    . 

5 

Haverhill, 

2 

West  Newton, 

6 

Holliston, 

1 

Weston, 

1 

Holyoke, 

3 

Weymouth,    . 

1 

Hull,       . 

2 

Winchester,   . 

5 

Hyde  Park,    . 

5 

Winthrop, 

2 

Lawrence, 

6 

Woburn, 

18 

Lexington,     . 

1 

Worcester,     . 

3 

Maiden,. 

12 



Med  ford, 

6 

Nantucket,     . 

2 

34.] 
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is  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Articles  of 

Food  other  than  Milk. 


ngton,      .        .        .  '      .        .  2 

eborough,        ....  2 

;kstone, 10 

ton, 34 

ckton, 1 

ibridge, 4 

River, 7 

hbarg, 2 

dner, 1 

ucester, 1 

yoke, 8 

rrence, 2 

rell, 6 

n 1 

et, 1 


Pittsfield, 1 

Plymouth, 2 

Provincetown,        ....  2 

Salem, 1 

Spencer, 2 

Springfield, 1 

Stoneham, 1 

Taunton, 1 

Ware 4 

Watertown, 2 

Westfield, 2 

Woburn, 2 

Total, 98 


ities  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Drugs. 

ims, 1 

North  Adams,        ....        4 

ington, 
leborough, 
ckstone,    . 

2 
1 
1 

Northampton, 

Peabody, 

Provincetown, 

1 
1 

1 

ton,  . 

16 

Salem,   . 

2 

abridge,    . 

dsea, 

I  River,     . 

7 
3 
4 

Spencer, 

Springfield, 

Stoneham, 

1 

0 

1 

;hburg, 
dner, 

1 
2 

Taunton, 
Waltham, 

1 

4 

ucester,     . 

3 

Westfield, 

2 

yoke, 
veil,  . 

8 
1 

West  Med  way, 
West  Newton, 

1 
1 

Iden, 

4 

Winchester,  . 

2 

rblehead,  . 

1 



Irose, 

1 

Total, 84 

n  Bedford, 

, 

1 
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Prosecutions. 

Id  the  reports  of  the  last  three  years  a  condensed  summary  was 
presented,  showing  the  number  of  prosecutions  conducted  in  each 
year  since  the  beginning  of  work  under  the  food  and  drugs  acts. 
The  following  table  presents  the  same  figures,  with  the  addition  of 
those  for  the  year  ending  Sept.  30,  1895  :  — 


Number  of  Complaints  enterea 

I  in  Court 

• 

Food 

i 

Ykab. 

not  Including 
Milk. 

Draft. 

Milk. 

Total 

Convictions. '      .  Fin« 
|      Imposed. 

1883, 

5 

4 

9 

8 

-t 

1884, 

2 

1 

45 

48 

44 

1885/ 

50 

1 

68 

119 

10S 

-t 

1886,f 

10 

— 

10 

20 

19 

-J 

1887, 

30 

— 

34 

64 

60 

_♦ 

1888, 

22 

— 

43 

65 

61 

$2,042  00 

1889, 

74 

— 

66 

140 

124 

3,«89  00 

1890, 

78 

- 

24 

102 

96 

3,919  00 

1891, 

96 

5 

49 

150 

135     |      2.668  00 

1892, 

52 

12 

72 

136 

123     1      3,661  70 

1893, 

26 

3 

67 

96 

92 

2,476  00 

1894, 

14 

— 

76 

90 

77 

2,625  00 

1895, 

13 

11 

68 

92 

86 

1,028 

1 

2^95  SO 

Total 

s,      . 

. 

467 

38 

626 

1,131 

$24,176  00 

•  To  May  1,  1886. 


t  Four  months  only. 


I  No  record  kept. 


Katio  of  convictions  to  complaints,  90.9  per  cent. 

Note.  —  All  complaints  entered  before  May  1,  1886,  were  under  the  direction 
of  the  Board  of  Health,  Lunacy  and  Charity,  and  all  after  that  date  were  under 
the  direction  of  the  State  Board  of  Health. 

The  following  report  was  presented  to  the  Legislature  in  January, 
1896,  in  compliance  with  the  provisions  of  the  statutes  :  — 

Office  of  the  State  Board  of  Health, 

State  House,  Boston,  Jan.  9,  1896. 

To  the  Honorable  Senate  and  House  of  Representatives  of  the  Commonwealth  of 

Massachusetts  in  General  Court  assembled. 

The  following  summary  is  made  in  compliance  with  the  provisions  of 
chapter  289,  section  2,  of  the  Acts  of  1884,  requiring  the  State  Board  of 
Health  to  "  report  annually  to  the  Legislature  the  number  of  prosecutions 
made  under  chapter  263  of  the  Acts  of  1882,  and  an  itemized  account  of 
all  money  expended  in  carrying  out  the  provisions  thereof." 
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The  whole  number  of  prosecutions  made  by  authority  of  the  Board  against 
offenders,  under  the  provisions  of  the  food  and  drug  acts,  for  the  year  end- 
ing Sept.  30,  1895,  was  92. 

The  cities  and  towns  in  which  the  articles  were  sold,  and  in  respect  to 
which  complaints  were  entered  in  court,  the  character  of  the  articles  found 
to  be  adulterated,  or  fraudulently  sold,  the  dates  of  the  trials  and  their 
results,  are  presented  in  the  following  table :  — 


Milk  and  Milk  Products. 


For  Fraudulent  Sales  of  Milk. 

Place.                                                     Datb.                                                         Kkbult. 

In  Marlborough,        .        .        .    Oct.       6, 1894,    ....    Convicted. 

Marlborough, 

.    Oct.       6,1894,    . 

ti 

Marlborough, 

.    Aug.    19, 1895,    . 

tt 

Newton, 

.    Oct.     19, 1894,    . 

tt 

Fall  River,     . 

.    Oct.       5, 1894,    . 

ti 

Fall  River,     . 

.    Oct.      11,  1894,    . 

u 

Fall  River,     . 

.    Oct.      11,1894,    . 

it 

Gloucester,    , 

.     Nov.      3,  1894,    . 

tt 

Gloucester,    , 

.     Nov.      3, 1894,    . 

Discharged. 

Gloucester,    . 

.     May     22,  1895,    . 

Convicted. 

Gloucester,    , 

.     Aug.    16, 18&5,    . 

*t 

Chelsea, 

.     Nov.    30, 1894,    . 

ci 

Chelsea, 

Nov.      7,1894,    . 

ti 

Salem,   . 

.    Dec.     21, 1894,    . 

tt 

Salem,   . 

.    Feb.     26, 1895,    . 

ti 

Salem,   . 

.     May      3,1895,    . 

tt 

Woburn, 

.     Nov.    29,1894,    . 

ti 

Woburn, 

.     May     10, 1895,    . 

tt 

Woburn, 

.     Aug.    21, 1895,    . 

•t 

Walthara, 

.     March  8, 1895,    . 

tt 

Springfield,  , 

.     March  22, 1895,    . 

Discharged. 

Springfield,  . 

.     March  22, 1895,    . 

Convicted. 

Springfield,  . 

.    April     5, 1895,    . 

«« 

Chjcopee, 

.    June    28, 1895,    . 

tt 

Medford, 

.    Aug.    23,1895,    . 

tt 

Lowell, . 

.    Sept      6, 1895,    . 

it 

Mil  ford, 

.    Oct.      18,  1894,    . 

tt 

Mendon, 

.    Oct.      18,  1894,    . 

tt 

Wren  th  am, 

.    Oct.      20,1894,    . 

tt 

Gardner, 

.    Nov.    24,  1894,    . 

tt 

West  Medway, 

.    Nov.    24,  1894,    . 

it 

West  Medway, 

.     Nov.    24,1894,    . 

ti 

Danvers, 

.    Jan.     18, 1895,    . 

u 

Danvers, 

.     Feb.     26, 1895,    . 

tt 

Peabody, 

.    Jan.     26, 1895,    . 

It 

Peabody, 

.    Jan.     28,  1895,    . 

tt 

Peabody, 

.    Feb.     19,1895,    . 

it 
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Flack. 

In  Peabody, 
Peabodv, 
Peabody, 
Peabody, 
Peabody, 
Peabody, 
Peabody, 
North  Brookfield, 
Bedford, 
Bedford, 
Natick,  . 
Ashland, 
Norwell,        '. 
North  Pembroke, 
West  Springfield, 
Sherborn, 
Dover,    . 
Watertown, 
Milton,  . 
Billerica, 
Deerfield, 
Barre,    . 
Framingbam 
Westford, 
Wen  ham, 
Dedham, 
Holliston, 
Holliston, 
South  bo  rough, 
Total, 


In  Peabodv, 
Peabody, 
Total, 


For  Fraudulent  Sales  of  Milk— Concluded. 

Date. 

Feb.     26, 1895, 

May     21, 1895, 

May     21,  1895, 

May     21,  1895, 

Ang.    14, 1895, 

Aug.    14,  1895, 

Aug.     14,  1895, 

March  19,  1895, 

March  12,  1895, 

July     22,  1895, 

July     26,  1895, 

July     26,  1895, 

April   26,1895, 

April    30,1895, 

May       6, 1895, 

May 

May 

July 

July 

July 

July 

July 

July 


15, 1895, 
16,  1895, 
19,  1895, 
12,  1895, 
22,  1895, 
25,  1895, 
29,  1895, 
31,  1895, 
2,  1895, 
5,  1895, 
Sept.  23, 1895, 
Sept.  28,  1895, 
Sept.  28,  1895, 
Sept.    30, 1895, 


For  Fraudulent  Sale  of  Oleomargarine 

.     Feb.     27,  1895,     . 
.     May     21,  1895,    . 


Aug. 
Aug. 


Result. 

Convicted. 


»• 
it 
•« 

44 
44 
44 
44 
44 
11 
(4 
.4 
44 
44 


Discharged. 


44 
41 
44 
44 
44 

44 
44 
4( 
44 
44 
44 
44 
44 
44 


66 


.     Convicted. 


44 


0 


For  Fraudulent  Sale  of  Other  Articles  of  Food. 

Molasses. 
In  Lowell, March  18,  1895,     ....     Convicted. 


In  Lawrence, 
Chelsea, 
Holyoke, 
Boston, 


Coffee. 

.    Oct.      27,  1894,  . 

.    Dec.      19,  1894,  . 

.     April    26,  1895,  . 

.    June       4,  1895,  . 


Convicted. 

Discharged. 

Convicted. 


•« 
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For  Fraudulent  Sale  of  Other  Articles  of  Food — Concluded. 

Cream  of  Tartar. 

Placb. 

Datb. 

ltKSULT. 

In  North  Adams 

i,      . 

.    Nov.     20, 1894,    . 
Lard. 

Convicted. 

In  Fall  River,    . 

•        • 

.     March    6,  1895,    . 
Maple  Syrup. 

Convicted. 

In  Lowell, . 

•        •        • 

.    March  18,  1895,    . 
Honey. 

Convicted. 

In  Fall  River, 

•        •        « 

.    March  22,  1895,    . 
Spices  and  Condiments. 

Convicted. 

In  Holy  ok  e, 

■        •        • 

.    April    26,  1895  (cassia). 

Convicted. 

Holyoke, 

•        • 

.     April    26,  1895  (pepper),     . 

u 

Holyoke, 

•        • 

.    April    26,  1895  (mustard),  . 

44 

Ware,    . 

•        i        • 

.    Jan.       4, 1895  (mustard),  . 
Drugs. 

44 

In  Gardner, 

Dec. 

7,  1894  (Ruppert's  Face  Bleach), 

Convicted. 

Ware,   . 

Dec. 

4, 1894  (Ruppert's  Face  Bleach), 

44 

Holyoke, 

Dec. 

19,  1894  (Rupperfs  Face  Bleach), 

tt 

Boston, . 

April 

— ,  1895  (Ruppert's  Face  Bleach), 

4i 

Boston, . 

April 

— ,  1895  (Ruppert's  Face  Bleach), 

* 

Boston, . 

Dec. 

31, 1894  (oxide  of  zinc  ointment), 

Convicted. 

Boston, . 

Dec. 

81,  1894  (mercurial  ointment), 

44 

Woburn, 

Dec. 

2, 1894  (distilled  water),      . 

44 

Ware,   . 

Dec. 

11, 1894  (distilled  water),      . 

44 

Ware,    . 

Dec. 

8, 1894  (distilled  water),      . 

44 

Revere, 

Aug. 

9,  1895  (distilled  water), 

44 

Summary. 

Complaints  entered  in  court  under  the  acts  relating  to  the  inspection  of  milk 

and  milk  products, 68 

Other  articles  of  food, 13 

Drugs .11 

Total, 92 


Summary. 

The  whole  number  of  complaints  entered  by  the  State  Board  of  Health 
during  the  year  ending  Sept.  30,  1895,  in  the  courts  of  the  Commonwealth, 
against  parties  for  violation  of  the  statutes  relating  to  food  and  drug 
inspection,  was  92. 

*  Parties  left  the  State  before  case  could  be  tried. 
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In  86,  or  93.5  per  cent.,  of  these  the  parties  were  convicted.  Four  were 
discharged  either  in  the  district,  municipal  or  superior  courts,  and  in  two 
cases  the  parties  had  left  the  State  before  warrants  could  be  served. 

Of  the  whole  number,  66  were  for  violation  of  the  laws  relating  to  milk 
adulteration,  and  of  this  number  63  resulted  in  conviction.  The  greater 
number  of  these  was  for  violation  of  the  statute  providing  that  milk 
offered  for  sale  shall  be  of  good  standard  quality. 

In  1  of  the  foregoing  cases  the  complaint  was  for  sale  of  milk  from  a 
can  not  properly  marked,  5  cases  were  for  sales  of  milk  containing  coloring 
matter,  and  1  was  for  a  sale  of  milk  containing  boracic  acid. 

In  one  of  the  cases  the  defendant  was  discharged  because  his  counsel 
would  not  admit  the  affidavit  of  the  chemist  as  evidence. 

In  another  case,  in  which  the  complaint  was  made  for  a  sale  of  adulterated 
coffee,  the  defendant  was  discharged  because  the  judge  decided  that  it  was 
not  necessary  to  mark  retail  packages  as  "  compound  "  in  cases  where  the 
article  was  bought  in  bulk  from  a  larger  box  or  bin,  to  which  the  word 
"  compound  "  was  affixed. 

The  attention  of  the  Legislature  is  respectfully  called  to  the  fact  that,  in 
consequence  of  the  enactment  of  chapter  425  of  the  Acts  of  1894,  "  rela- 
tive to  the  inspection  of  milk,"  the  defendants  iu  two  cases  of  milk  adulter- 
ation which  recently  occurred  in  Franklin  County  were  discharged.  The 
actual  amount  of  adulteration  in  these  two  cases  was  excessive,  amounting 
to  40  or  50  per  cent,  of  the  samples  in  question. 

Of  the  13  complaints  for  fraudulent  sales  of  other  kinds  of  food,  ail  of 
the  parties  were  convicted  except  one.  The  articles  of  food  embraced  in 
in  this  list  were  as  follows :  — 

Molasses,  1  case ;  coffee,  4  cases ;  mustard,  2  cases ;  cream  of  tartar, 
1  case  ;  honey,  1  case ;  pepper,  1  case  ;  cassia,  1  case ;  lard,  1  case  ;  maple 
syrup,  1  case. 

The  standard  of  whole  milk  in  Massachusetts  is  13  per  cent,  of  solid 
residue,  except  in  May  and  June,  when  it  is  12  per  cent.  The  following 
list  presents  the  total  solids  in  all  the  samples  of  milk  upon  which  com- 
plaints were  founded,  so  far  as  records  of  the  same  were  kept :  — 


6.66 

10.24 

10.63 

11.05 

11.42 

7.44 

10.26 

10.72 

11.12 

11.46 

8.79 

10.30 

10.80 

11.16. 

11.46 

8.90 

10.38 

10.84 

11.16 

11.57 

9.22 

10.38 

10.86 

11.18 

11.58 

9.60 

10.40 

10.86 

11.26 

11.65 

9.63 

10.42 

10.87 

11.27 

11.66 

9.84 

10.47 

10.87 

11.28 

11.70 

9.87 

10.56 

10.90 

11.30 

11.80 

9.89 

10.56 

10.90 

11.35 

11.89 

9.92 

10.58 

10.92 

11.87 

11.93 

9.92 

10.62 

10.92 

11.40 

12.46 

*•] 
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3  total  number  of  samples  of  food  and  drags  examined  during  the 
vas  as  follows  :  — 


articles  of  food, 


ottil, 

expenses  of  collection,  examination  and  prosecution, 
ge  expense  per  sample  collected,    .... 


3  J 12 

2,971 

544 

7,227 

$11,375  89 
1  57 


FlNE8. 

;  amount  of  fines  paid  into  the  treasuries  of  counties,  cities  and  towns 
the  provisions  of  the  general  and  special  laws  relative  to  the  inspec- 
f  food  and  drugs  was  as  follows :  — 

paid  for  Violation  of  the  Food  and  Drug  Acts,  upon  Cases  entered  for 

the  Year  ending  Sept.  30,  1895. 

the  provisions  of  the  laws  relating  to  milk  and  milk  products,    .  $2,652  62 
the  provisions  of  the  laws  relating  to  other  articles  of  food  and 
js, 242  68 

3tal, $2,895  30 


Expenditures 

the  Provisions  of  the  Food  and  Drug  Acts  during  the  Year  ending  Sept. 

30,  1895. 


Fob  thk  Espobobmbkt  of  thk  Statutes 
&klati2io  to  food  ajfd  drug 

IVtPBCTION. 


Relative  to  Milk 
and  Milk  Products. 


Relative  to  Other 

Kinds  of  Food  and 

Drags. 


3S  of  analysts, 

58  of  inspectors, 

[ling  expenses  and  purchase  of  supplies, 
atus  and  chemicals,      .... 

»g» 


ssagc,   . 

services, 

f  small  supplies, 

services, 


>tal, 


$2,700  01 

2,400  00 

1,100  00 

577  05 

2  40 

1  44 

1  68 

45  00 

17  76 

55  20 


$6,900  54 


$1,800  00 

1,563  82 

725  00 

834  71 

1  60 

96 

1  12 

11  84 
36  80 


$4,475  35 
6,900  54 


$11,375  89 


SAM'L    W.    ABBOTT, 
Secretary  of  State  Board  oj  Hea\CK. 
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REPORTS  OF  THE  ANALYSTS. 


Dr.  S.  W.  Abbott,  Secretary  of  the  State  Board  of  Health. 

Dear  Sir  :  —  I  have  the  honor  to  report  the  analysis  of  food  and 

drugs  for  the  year  beginning  Oct.  1,  1894,  and  ending  Sept.  30, 

1895. 

Milk. 

The  number  of  samples  of  milk  analyzed  in  the  State  House  labo- 
ratory during  the  year  was  larger  than  that  of  any  previous  year, 
and  includes  all  the  milk  collected  by  the  three  inspectors  of  the 
Board  throughout  the  State,  exclusive  of  that  from  the  four  western 
counties,  the  examination  of  which  is  done  at  Amherst. 

As  usual,  the  total  solids  of  every  sample  of  milk  submitted  to  us 
were  determined  gravimetrically,  and  those  found  below  12  percent, 
total  solids  were  further  analyzed  for  fat.  The  methods  of  analysis 
were  the  same  as  those  employed  in  previous  years,  viz.,  the  deter- 
mination of  the  solids  by  evaporation  and  of  the  fat  by  means  of  the 
Babcock  process. 

A  careful  examination  was  also  made  in  suspected  cases  for  color, 
preservatives,  etc. 

The  ratio  of  samples  found  to  be  below  the  standard  for  the  year 
is  shown  to  be  51.5  per  cent.,  being  nearly  identical  with  that  of  the 
preceding  year,  which  was  51  per  cent. 

The  following  table  shows  the  quality  of  the  milk  by  months,  and 
the  percentage  of  adulteration  of  each  month,  corresponding  to  a 
standard  of  13  per  cent,  and  12  per  cent,  respectively  :  — 


Quality  of  Milk  by  Months. 


Months. 

Total 

8a  tapirs 

Collected. 

Above  18 
Per  Cent. 

Below  18 
Per  Cent. 

Below  12 
Per  Cent. 

Ratio  below 

18  Per  Cent. 

Standard. 

Ratio  below 

12  Per  Cent. 

Standard. 

tetober,        .... 

285 

120 

145 

43 

54.7 

16.2 

fovember, 

16ft 

87 

78 

17 

47.8 

10.8 

toeember, 

225 

111 

114 

20 

50.7 

8.8 

anuary, 

252 

126 

126 

81 

50.0 

12.3 

febrnary. 

275 

181 

144 

48 

62.4 

*     16.6 

[arch,  . 

280 

115 

174 

42 

60.2 

14.6 

prll,    .       . 
iy.     . 

241 

82 

169 

84 

66.9 

14.1 

297 

127 

170 

23 

67.2 

7.7 

me,     . 

402 

127 

276 

79 

68.4 

19.6 

ily.     .      . 

876 

117 

258 

92 

68.8 

24.5 

OfUtt, 

870 

117 

258 

72 

68.8 

19.4 

iptember,   , 

893 

117 

276 

88 

70.2 

21.1 

8,549 

1,377 

2,172 

679 

61.2 

16.3 
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It  will  be  seen  that  under  a  standard  of  13  per  cent,  throughout 
the  entire  year  the  ratio  of  samples  below  the  standard  would  be 
61.2  per  cent.,  while  with  a  12  per  cent,  standard  for  the  year  the 
ratio  would  be  only  16.3  per  cent.,  so  that  the  relative  showing  for 
the  year  is  largely  dependent  on  legislative  enactment. 

The  following  tables  show  the  sources  of  the  various  samples  of 
milk  examined,  apportioned  among  the  cities,  towns  and  suspected 
producers :  — 


Milk  from  Cities. 


&TIB8. 

Total 

Samples 

Collected. 

Above 
Standard. 

Below 
Standard. 

Per  Cent 

below 
Standard. 

Total 
Solids  In 
Lowest 
Sample. 

Hiimbcr 

of 
Skimmed 
8amplee. 

Santa 

!      ot 

Colored 
Sample*. 

Boston,     . 

191 

92 

99 

62.8 

9.66 

8 

i 

Brockton, 

23 

16 

7 

80.4 

10.46 

~ 

1 

Cambridge, 

888 

210 

178 

48.2 

10.27 

8 

Chelsea,    . 

179 

83 

96 

58.7 

10.74 

4 

Everett,    . 

1          121 

49 

72 

59.5 

10.84 

i 

4 

Fall  River, 

84 

60 

84 

40.4 

10.60 

- 

• 

Fitchburg, 

12 

11 

1 

8.8 

9.60 

S 

- 

Gloucester, 

106 

68 

48 

45.8 

8.80 

s 

Haverhill, 

13 

6 

7 

53.8 

11.18 

1 

- 

Lawrence, 

68 

37 

21 

86.2 

11.11 

4      ! 

- 

Maiden,     . 

130 

62 

68 

52.3 

10.60 

1        ' 

- 

Marlborough,  . 

10 

3 

m 
1 

70.0 

11.65 

2        ' 

- 

Medford,  . 

130 

63 

67 

61.5 

11.10 

- 

1 

Newburyport, . 

12 

7 

5 

41.6 

12.44 

1 

• 

Newton,    . 

92 

54 

38 

41.8 

10.52 

1         ' 

- 

North  Adams, 

13 

11 

2 

15.3 

12.08 

i 

• 

Qulncy,     . 

!            « 

16 

28 

63.6 

11.15 

- 

- 

Salem, 

102 

56 

46 

45.1 

9.87 

i 

- 

Somervllle, 

260 

125 

135 

51.9 

10.08 

1 
1 

- 

Taunton,  . 

24 

18 

6 

25.0 

11.28 

* 

Waltham, 

j            56 

27 

» 

51.7 

10.27 

s 

Woburn,  . 

|          140 

46 

94 

67.1 

9.96 

_        i 
i 

16 

Worcester, 

|            22 

9 

13 

59.1 

11.66 

-        1 

• 

Totals, 

i       2,205 

1,109 

1,096 

49.7 

8.80 

24 

& 

34.] 


FOOD  AND  DRUG  INSPECTION. 


661 


Milk  from  Towns. 


Towss. 

Total 

Samples 

Collected. 

A  bore 
Standard. 

Below 
Standard. 

Per  Cent. 

below 
Standard. 

Total 
8ollds  in 
Lowest 
Sample. 

Number 

of 
Skimmed 
Samples. 

Number 

of 

Colored 

8amples. 

gton, 

8 

2 

1 

88.8 

11.60 

- 

- 

tree, 

6 

5 

0 

0.0 

12.40 

- 

- 

dint, 

96 

63 

83 

34.8 

11.64 

1 

- 

»D,      . 

23 

18 

6 

21.7 

11.87 

- 

- 

>n,    . 

12 

4 

8 

66.6 

10.10 

2 

- 

en,  . 

6 

2 

4 

66.6 

11.42 

- 

- 

am,  . 

68 

84 

19 

86.8 

9.96 

- 

- 

IntOD, 

10 

4 

6 

60.0 

12.07 

- 

- 

■               • 

19 

6 

13 

68.4 

10.90 

- 

- 

Park,      , 

80 

88 

22 

36.6 

11.30 

- 

- 

igton, 

10 

10 

0 

0.0 

12.00 

w  \ 

- 

MO, 

9 

6 

4 

44.4 

12.44 

- 

- 

rd, 

12 

7 

6 

41.7 

11.26 

- 

- 

icket, 

14 

7 

7 

60.0 

10.79 

- 

- 

k.     . 

12 

8 

4 

88.8 

11.82 

- 

- 

xly,  . 

28 

4 

24 

86.7 

7.44 

- 

1 

ocetown, 

29 

10 

19 

66.1 

10.82 

1 

- 

olph, 

10 

10 

0 

0.0 

12.78 

- 

- 

re,     • 

97 

47 

60 

61.6 

11.49 

1 

- 

wry, 

24 

17 

7 

29.2 

11.66 

- 

- 

tham, 

96 

69 

87 

88.6 

10.26 

- 

- 

thton, 

83 

26 

8 

24.2 

9.78 

1 

- 

>, 

12 

10 

2 

16.6 

12.26 

- 

- 

thara, 

81 

12 

19 

61.8 

10.37 

- 

iltOWO, 

26 

16 

10 

84.6 

10.66 

1 

- 

mouth, 

10 

9 

1 

10.0 

9.74 

- 

- 

theater,     . 

46 

26 

20 

48.4 

11.34 

1 

- 

hrop, 

16 

8 

7 

46.6 

11.62 

- 

- 

'otals, 

801 

466 

336 

41.8 

7.44 

8 

1 
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Milk  from  Suspected  Producers. 

Locality. 

ToUl 

Sample* 

Collected. 

Above 
Standard 

Below 
Standard. 

Per  Cent. 

below 
Standard. 

Total 

Solids  in 

Lowest 

Sample. 

Namtar 

of 
Ootorrt 

SaaalM- 

Ashland 

Alhol,        . 
Barre,  . 

Bedford,    . 
Berlin,  . 

Blllerlca 

Bolton 

Boylaton,  .        .        .       . 
Burlington, 
Canton,  . 

Danvera,    . 
Dedbam,    . 

Deer  field 

Dover,  . 

Faulkner 

Framlngham,    . 

Franklin,   • 

Gardner,    . 

Grafton,     .        .        .       . 

Hard  wick, 

Holllston,  .    '    . 

Leomlnater, 

Medfield,   . 

Medford,    . 

Milton 

Natick,       . 
Norwell,    . 

Northborougb, .        .       • 
North  Brookfield,     . 
Pembroke, 
Royalston, 
Sherborn,  . 
Southborough,  . 

Sudbury 

Stow,         . 

Upton 

Walpole,    . 

Waltham,  .... 
Weoham,  . 
Westborough,  . 
Westford, .... 
Weston,     . 

Totals, 


5 

5 

20 

52 

6 

5 

6 

10 

12 

12 

10 

10 

12 

14 

22 

7 

2 

15 

6 

19 

9 

8 

10 

12 

20 

15 

8 

18 

12 

4 

7 

19 

8 

19 

30 

11 

4 

23 

12 

12 

4 

3 


0 
1 

14 
2 
0 
0 
0 
0 

12 
0 
4 
0 
1 
1 
0 
2 
0 
0 
0 

12 
2 
5 
8 
4 

13 
2 
0 
0 
0 
0 
0 
4 
0 
1 

15 
4 
4 

13 

8 

0 

0 

.3 


524 


130 


6 
4 
0 

50 
0 
6 
6 

10 
0 

12 
6 

10 

11 

13 

22 
6 
2 

15 
6 
7 
7 
8 

13 
8 
7 

13 
3 

18 

12 
4 
7 

15 
8 

18 

21 
7 
0 

10 
4 

12 
4 
0 


100.0 

80.0 

30.0 

98.1 

100.0 

100.0 

100.0 

100.0 

0.0 

100.0 

80.0 

100.0 

91.6 

92.8 

100.0 

71.4 

100.0 

100.0 

100.0 

38.8 

77.7 

37.5 

81.2 

68.6 

35.0 

86.6 

100.0 

100  0 

100.0 

100.0 

100.0 

78.9 

100.0 

94.7 

58.3 

63.6 

0.0 

43.4 

33.3 

100.0 

100.0 

0.0 


10.80 

9.84 
11.12 

9.92 
11.36 
10.87 
11.54 
11.14 
12.14 
11.55 
12.20 

9.84 

6.66 
10.63 
10.87 
10.24 

9.60 
11.53 
11.32 
11.43 
10.86 
11.36 

9.22 
12.33 
10.92 
11.08 
11.93 
10.64 

9.89 
11.16 

8.53 
10.90 
10.49 
10.17 
10.96 
10.84 
12.02 
12.08 
10.87 
11.04 

9.92 
13.07 


11 


394 


75.2 


6.66 


11 


Summary  of  the  Three  Preceding  Tables. 


Cities, 
Towns,     . 

Suspected  producers, 
Miscellaneous, 


Total 

Samples 

Collected. 


Above 
Standard. 


Below 
Standard. 


P»r  Cent. 

below 
Standard. 


Total 

Solids  In 

Lowest 

Sample. 


Number  '   Number 


of 
Skimmed 
Samples. 


2,205 

1,109 

1,096 

49.7 

8.80 

24 

801 

466 

335 

41.7 

7.44 

8 

524 

130 

394 

75.2 

6.66 

. 

19 

15 

4 

21.0 

— 

- 

3,549 

1,720 

1,829 

51.5 

0. 66 

32 

of 

Colored 
Samplrt 


26 

1 

11 


The  number  of  milk  samples  collected  from  producers  was  con- 
siderably larger  than  usual,  and  a  much  larger  number  of  towns 
than  usual  is  included  in  this  list. 
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The  number  of  colored  samples  found  during  the  year  is  unusually 
large.  Annatto  was  the  favorite  coloring  matter  employed.  While 
in  most  instances  the  color  was  added  to  conceal  evidence  of  water- 
ing, a  number  of  cases  were  found  in  which  the  milk  itself  was  con- 
siderably above  the  standard,  though  containing  added  coloring 
matter. 

Several  samples  of  milk  were  found  to  contain  an  added  coal  tar 
color.  It  was  found  to  be  a  mixture  of  two  or  more  of  the  orange 
members  of  the  diazo  compounds  of  aniline.  A  mixture  of  the  dyes 
known  to  the  trade  as  ''Orange  G"  and  "Fast  Yellow "  gives  a 
color  which  is  essentially  identical  with  this  milk  color. 

For  its  detection  in  the  milk  it  was  found  sufficient  to  curdle  about 
half  a  pint  of  the  heated  milk  with  acetic  acid,  so  as  to  separate  the 
casein  in  one  mass.  The  whey  being  poured  off,  the  orange  dye,  if 
present,  is  readily  detected  in  the  curd  by  macerating  with  ether  for 
some  time,  preferably  over  night.  The  natural  color  of  the  milk  left 
in  the  curd  is  entirely  dissolved  out  by  the  ether,  as  is  annatto  or 
any  of  the  common  vegetable  coloring  matters,  leaving  the  curd  a 
pure  white.  The  coal  tar  dye,  on  the  contrary,  is  not  dissolved  out 
by  ether,  and,  on  pouring  off  the  latter,  the  dye  is  readily  apparent, 
if  present,  by  the  persistent  deep  yellow  or  orange  color  of  the  curd. 

Among  a  number  of  samples  of  milk  brought  in  by  one  of  the 
nspectors  was  found  jt  sample  can  containing  water  colored  with 
taramel,  with  the  addition  also  of  common  salt.  This  colored  water, 
it  was  afterwards  ascertained,  was  found  by  the  inspector  in  an  eight- 
qpart  can  nearly  full,  among  a  number  of  milk  cans  in  a  dealer's 
wagon.  Its  obvious  use  was  to  both  water  and  color  at  the  same 
time  milk  delivered  in  small  cans  from  house  to  house.  This  method 
of  treating  the  milk  at  the  time  of  its  delivery  was  doubtless  con- 
sidered by  the  dealer  as  a  very  clever  dodge,  in  that  the  milk  taken 
from  his  wagon  would  undoubtedly  be  found  to  be  of  good  quality. 

The  lowest  sample  of  milk  analyzed  this  year  contained  6.66  per 
cent,  total  solids,  of  which  2.25  per  cent,  was  fat.  This  was  taken 
from  a  farmer,  and  was  one  of  a  lot  of  milk  samples  which  was,  with 
one  exception,  the  worst  lot  ever  analyzed  by  the  Board. 

Bearing  on  the  question  so  often  asked  in  court  as  to  the  degree 
of  accuracy  attainable  in  parallel  analyses  of  the  same  milk,  and  as 
to  the  closeness  of  agreement  in  analyses  of  the  same  milk  by  dif- 
ferent chemists,  an  opportunity  was  afforded  during  the  year  to 
practically  test  this  point. 
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A  certain  milk  dealer  was  suspected  of  having  tampered  with 
sealed  samples  of  milk  given  him  by  an  inspector  to  the  extent  of 
removing  the  milk  contained  in  the  sealed  bottles  delivered  to  him 
by  the  inspector  (which  milk  was  of  poor  quality)  and  replacing  it 
by  other  milk  of  good  quality,  afterwards  fixing  the  seals  so  as  not 
to  be  detected,  and  taking  the  sample?  to  an  outside  chemist  for 
analysis.  The  wide  difference  in  the  results  obtained  by  the  outside 
chemist  and  those  of  the  Board's  analyst  (amounting  in  one  case 
to  about  3  per  cent,  of  milk  solids)  led  to  a  second  raid  on  the 
dealer  by  the  inspector,  who  was  instructed  to  make  several  sealed 
samples  of  each  milk  taken,  in  order  that  check  analyses  might  be 
made  by  different  chemists.  Following  is  a  summary  of  the  results 
in  percentage  of  total  solids  obtained  and  reported  independently 
by  three  analysts  on  the  nine  samples  of  milk  so  taken  :  — 

.  13.64  13.60  13.62 

.  14.03  13.90  13.96 

.  12.42  12.42  12.40 

.  12.62  12.69  12.70 


None  of  the  milk  samples  examined  during  the  year  were  found 
to  contain  any  added  preservative. 

Condensed  Milk. 

The  accompanying  table  shows  the  results  of  the  analysis  of  as 
many  brands  of  condensed  milk  as  could  conveniently  be  obtained 
The  quality  of  the  milk  used  is  shown  to  be  in  nearly  every  instance 
all  that  could  be  desired,  and  it  would  seem  as  if  the  popular  idea 
that  condensed  milk  is  usually  made  from  skimmed  milk  is  erro- 
neous. 

The  method  of  analysis  employed,  adapted  from  that  of  H.  B. 
Cornwall,  consisted  in  first  weighing  out  40  grammes  of  the  thoroughly 
mixed  sample  and  making  up  to  100  cubic  centimeters  with  water. 
Portions  of  this  solution  were  taken  for  the  various  determinations, 
as  follows :  — 

Total  Solids.  —  An  aliquot  part  of  the  above  40  per  cent,  solu- 
tion was  further  diluted  with  an  equal  amount  of  water,  and  5  cubic 
centimeters  of  the  diluted  mixture  (corresponding  to  1  gramme  of 
the  condensed  milk)  was  evaporated,  dried  and  weighed  in  a  platinum 
dish. 
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Ash.  —  The  residue  from  the  total  solids  as  above  obtained  was 
turned  and  weighed. 

Fat.  —  Five  cubic  centimeters  of  the  40  per  cent,  solution  (cor- 
responding to  2  grammes  of  the  condensed  milk)  was  absorbed  by  a 
roil  of  filter  paper  which  was  dried  in  an  air  oven  at  100°  C,  and 
Jie  fat  extracted  by  ether  in  a  Soxhlet  extractor. 

Proteids.  —  Five  cubic  centimeters  of  the  40  per  cent,  solution 
pras  further  diluted  to  about  40  cubic  centimeters,  and  just  enough 
>f  a  very  weak  solution  of  copper  sulphate  was  added  to  precipitate 
ihe  albuminoids,  which  slowly  settled,  leaving  a  perfectly  clear  solu- 
tion of  the  whey,  free  from  copper.  The  precipitate  was  filtered 
through  a  weighed  filter,  washed  and  afterwards  dried  in  the  air 
>ven  and  weighed.  The  filter  with  the  dried  precipitate  was  then 
incinerated  in  a  porcelain  crucible,  and  the  weight  of  the  ash  minus 
;hat  of  the  dried  precipitate  gave  the  weight  of  the  proteids  and  fat. 
Deducting  the  percentage  of  fat,  already  obtained,  from  that  of  the 
Droteids  and  fat,  left  the  percentage  of  proteids. 

Milk  Sugar. — The  filtrate  and  the  washings  from  the  preceding 
operation  were  made  up  to  100  cubic  centimeters  with  water,  and 
he  amount  of  reducing  sugar  obtained  volumetrically  by  Fehling's 
olution  was  reckoned  as  milk  sugar. 

Cane  Sugar. — This  was  obtained  by  difference,  deducting  the 
lOtal  milk  solids  (milk  sugar  +  proteids  +  fat  -}-  ash)  from  the 
xrtal  solids  first  obtained. 
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Butter. 

Of  191  samples  186  proved  to  be  genuine. 

The  Zeiss  refractometer  has  been  largely  used  in  quickly  detecting 
the  admixture  or  substitution  of  margarine.  Samples  that  the  refrac- 
tometer indicated  as  containing  margarine  were  analyzed  by  the 
Beichert  process  in  confirmation. 


Thirteen  samples  were  found  of  good  quality.     One  sample  of 
skim-milk  cheese  was  found. 


Lard. 

The  analysis  of  lard  both  in  this  country  and  abroad  has  recently 
attracted  much  attention,  and  many  methods  have  been  devised  for 
detecting  admixture  of  beef  fat  and  cotton-seed  oil,  the  chief  adulter- 
ants. The  tests  chiefly  relied  upon  in  this  laboratory  have  been  the 
following :  — 

Reaction  with  Strong  Acid  (Sulphuric  or  Nitric) — Genuine 
lard  and  beef  tallow  usually  give  but  slight  coloration,  while  mix- 
tures of  cotton-seed  oil  invariably  give  a  red-brown  color,  more  or 
less  intense  in  proportion  to  the  amount  of  cotton-seed  oil  present. 

A  genuine  lard  will,  however,  occasionally  be  found  to  give  a 
strong  color  with  acid. 

The  Microscopic  Examination  of  the  Stearin  Crystals  Separated 
from  an  Ether- Alcohol  Solution.  —  The  characteristic  crystalline 
forms  of  lard  and  tallow  stearin  are  shown  in  figs.  1,  2  and  3. 

The  Hehner  Modification  of  the  Bechi  Nitrate  of  Silver  Text.  — 
A  small  amount  of  the  sample  is  shaken  with  half  its  bulk  of  a 
standard  alcoholic  solution  of  nitrate  of  silver,  made  very  slightly 
acid  with  nitric  acid.  The  vessel  containing  this  mixture  is  then 
immersed  in  boiling  water  for  fifteen  minutes.  With  proper  pre- 
cautions the  presence  of  cotton-seed  oil  is  indicated  by  a  strong 
reduction  of  the  silver,  while  pure  lard  or  tallow  in  the  absence  of 
cotton-seed  oil  causes  no  appreciable  reduction. 

The  Refractometer  Reading.  — The  refractometer  used  is  the 
Zeiss  instrument,  in  which  the  degree  of  refraction  of  a  reflected 
beam  of  light  which  passes  obliquely  through  a  thin  film  of  the  fat 
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i  read  on  an  arbitrary  scale.  A  constant  temperature  by  mean9  of 
circulation  of  heated  water  is  maintained  and  its  degree  is  noted, 
he  refracting  degree  of  cotton-seed  oil  is  about  8.9  in  excess  of  the 
.andard  refraction  of  lard,  while  that  of  tallow  is  about  3.8  less 
lan  the  standard.  This  is  shown  by  samples  H  and  I  in  the  fol- 
ding table. 

The  readings  are  quickly  and  easily  taken,  and,  in  connection  with 
le  positive  Bechi  test  for  cotton-seed  oil  and  the  crystallization  test 
>r  beef  stearin,  the  refractometer  is  of  great  value. 

It  will  be  noted  that  adulteration  of  lard  with  cotton-seed  oil  alone 
i  indicated  by  an  abnormally  high  refractometer  number,  while  the 
resence  of  tallow  will  result  in  an  abnormally  low  refraction.  But 
3th  adulterants  may  be  present  and  a  normal  refraction  result.  In 
ich  a  case  the  positive  detection  of  one  of  them,  such  as  the  cotton- 
ed oil  by  the  Bechi  test,  will  indirectly  show  the  presence  of  the 
ther  (tallow),  and  this  indirect  proof  will  be  confirmed  by  crystalli- 
ition. 

The  Iodine  Absorption  Number.  —  This  is  perhaps  the  most  im- 
3rtant  of  all  the  tests,  although  its  results  are  in  general  prefigured 
r  the  refractometer.  By  it  is  meant  the  percentage  of  iodine  which 
sample  of  fat  will  absorb. 

As.  may  be  seen  in  the  following  table,  cotton-seed  oil  (H)  will 
>sorb  about  108  per  cent,  of  its  weight  of  iodine,  while  beef  fat 
[)  will  absorb  but  about  37  per  cent. 
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Samples  A,  B  and  C  give  reactions  corresponding  to  normal  pure 
ird.  D,  E  and  F  show  somewhat  high  refractometer  and  iodine 
umbers  but  give  no  direct  reaction  for  cotton-seed  oil  by  the  Bechi 
3st.  G,  although  showing  low  iodine  and  refractometer  numbers, 
ives  no  evidence  of  the  presence  of  tallow  by  crystallization, 
n  fact,  the  crystals  from  this  sample  proved,  under  all  circum- 
tances,  to  be  most  clearly  typical  of  pure  lard,  —  broad  and  flat 
lates  with  obliquely  cut  ends. 

This  sample  was,  in  fact,  a  pure  leaf  lard.  It  has  been  our  ex- 
perience that  a  stiff,  strictly  pure  leaf  lard,  which  both  by  its  con- 
istency  and  by  its  low  iodine  and  refractometer  numbers  might 
uggest  the  presence  of  beef  fat,  shows,  on  crystallization,  much 
lore  definitely  characteristic  lard  stearin  than  does  a  whole  hog 
ird,  whose  iodine  and  refractometer  numbers  are  more  nearly  the 
ormal  standard. 

In  distinction  from  such  a  leaf  lard,  a  sample  which  may  have 

similar  consistency  and  iodine  and  refractometer  numbers,  but 
rhich  is  composed  of  a  whole  hog  lard  of  a  comparatively  high 
odine  number,  together  with  beef  fat,  gives  unmistakable  proof  of 
ts  adulteration  by  its  crystallization. 

Fig.  1  shows  the  crystalline  form  of  pure  leaf  lard  stearin ;  Fig. 
,  of  whole  hog  lard  stearin ;  Fig.  3,  of  beef  tallow  stearin. 

The  adulteration  of  lard  with  tallow  and  cotton-seed  oil  is  wholly 
nobjectionahle  as  far  as  the  wholesomeness  of  the  compound  is 
oncerned.  It  is  objectionable  only  on  the  ground  of  fraud,  and  is 
agally  permissible  provided  the  mixture  is  properly  labelled. 

Olive  Oil. 

Forty-two  samples  proved  to  be  genuine  and  9  were  found  to  be 
dulterated  with  cotton-seed  oil. 

Vinegar. 

Thirty-two  samples  were  of  standard  quality  and  32  were  in- 
erior. 

These  figures  indicate  great  carelessness  as  well  as  fraud  in  putting 
ip  this  standard  article. 

The  adulteration  of  vinegar  is  chiefly  practised  outside  of  Boston, 
q  which  city  the  vigorous  enforcement  of  the  law  has  resulted  in 
he  practical  suppression  of  the  sale  of  an  inferior  article.  The 
eport  of  the  inspector  of  milk  and  vinegar  for  1894,  states  that,*  o€ 
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938  samples  examined,  but  few  failed  to  conform  to  the  statute 
requirements,  and  that  dealers  in  spurious  cider  vinegar  have  aban- 
doned Boston  as  a  field  of  operations.  It  is  to  be  hoped  that  a 
vigorous  enforcement  of  the  vinegar  law  throughout  the  State  will 
result  in  driving  such  dealers  out  of  the  Commonwealth. 

The  definite  standards  fixed  by  statute  render  conviction  under 
the  vinegar  law  comparatively  easy. 

Spices. 

As  usual,  a  large  number  of  ground  spices  have  been  examined 
microscopically  and  chemically  for  adulteration. 

One  thousand  and  nineteen  samples  were  found  pure  and  166 
adulterated.  The  extent  of  adulteration  varied  from  a  trace  up  to 
90  per  cent. 

Spices  are  very  largely  adulterated  in  other  States,  where  a  pure 
food  law  is  not  enforced.  In  this  State,  when  the  work  of  inspec- 
tion was  begun,  65  per  cent,  of  the  samples  submitted  were  found 
to  be  adulterated.  The  great  and  nearly  uniform  decrease  of 
adulteration  of  spices  since  that  time  may  fairly  be  credited  in 
large  part  to  systematic  and  persistent  public  food  inspection.  The 
legalized  sale  of  adulterated  goods  under  the  name  of  compounds 
still  continues  to  a  limited  extent,  with  more  or  less  attempt  to  con- 
ceal the  real  nature  of  the  articles  ;  but  there  appears  to  be  a  healthy 
and  growing  demand  for  guarantees  of  strict  purity  among  small 

dealers  and  consumers. 

Allspice. 

Ninety-eight  genuine,  4  adulterated.     The  adulterants  found  were 

wheat  and  nutshells. 

Cassia. 

One  hundred  and  forty-six  genuine,  2  adulterated.  The  adulter- 
ants found  were  wheat,  corn,  nutshells  and  turmeric. 

Cayenne. 

Seventy-three  genuine,  34  adulterated.     The  adulterant  found  was 

chiefly  corn,  but  admixtures  of  wheat,  rice,  turmeric  and  salt  were 

also  found. 

Cloves. 

One  hundred  and  ninety-three  genuine,  15  adulterated.  The 
adulterants  found  were  wheat,  corn,  rice,  nutshells,  turmeric  and 
clove  stems. 
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Ginger. 

One  hundred  and  thirty-four  genuine,  22  adulterated.  The 
adulterants  found  were  wheat,  corn  and  turmeric.  The  fancy  for 
deeply  coloring  this  spice  with  a  liberal  mixture  of  turmeric  is 
hardly  less  frequently  met  with  than  in  the  case  of  mustard. 

Mace. 
Sixteen  genuine. 

Mustard. 

One  hundred  and  twenty-seven   genuine,  71  adulterated.     The 

adulterants  found  were  wheat,  corn,  rice,  turmeric,  cayenne  and 

gypsum.     The  "  terra  alba"  was  found  in  one  sample  to  the  extent 

of  21  per  cent. 

Nutmeg. 
Six  genuine. 

Pepper. 

Two  hundred  and  twenty-six  genuine,  17  adulterated.  The  adul- 
terants found  were  corn,  wheat,  rice,  ginger,  cayenne,  grains  of 
paradise,  nutshells  and  buckwheat.  Several  samples  were  found  to 
be  largely  adulterated  with  woody  stone  cells,  identical  with  those 
of  the  olive  stone.  Fig.  4  shows  the  microscopic  appearance  of  one 
of  these  samples.  This  adulteration  has  been  reported  found  in 
other  localities  but  it  has  not  been  found  here  before. 

Coffee. 

Seventy-nine  genuine,  19  adulterated.  The  adulterants  found 
were  peas  and  pea  hulls,  chicory,  wheat,  straw,  sticks,  glass  and 
artificial  grains  made  of  a  roasted  wheat  mash. 

Cream  of  Tartar. 

Three   hundred  and   sixty-four  genuine,    12   adulterated.     The 

adulterants  found  were  starch  (wheat   and  corn),  acid   phosphate 

of  calcium  and  gypsum.     One  sample  contained  85  per  cent,  of 

the  last-named  substance. 

Honey. 

Forty-one   genuine,  2   adulterated.     The   adulterant  found  was 

glucose  syrup. 

Molasses. 

Two  hundred  and  twelve  genuine,  13  adulterated.  The  adulterant 
found  was  glucose  syrup. 
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Maple  Sugar. 

Forty  genuine,  7  adulterated.  The  admixture  or  substitution  of 
a  crude  brown  cane  sugar  for  maple  sugar  is  of  frequent  occurrence 
in  the  spring,  when  "  maple  sugar"  is  to  be  found  in  nearly  every 
market  or  fruit  stand,  grocer's  or  confectioner's  shop.  There  is,  of 
course,  no  valid  objection  to  the  sale  of  a  cheap  brown  sugar  moulded 
into  cakes,  provided  it  is  not  sold  as  maple  sugar  and  at  its  com- 
paratively high  price. 

It  is  not  a  difficult  matter  to  distinguish  between  maple  sugar  and 
the  "  brown  sugar"  of  the  grocers'  shops  by  appearance,  by  odor, 
particularly  when  boiled  with  water,  and  by  taste.  Chemically  the 
distinction  between  the  two  is  facilitated  by  the  fact  that  the  juice 
of  the  sugar  cane  contains  from  0.15  to  2  percent,  of  albuminous 
matters,  while  the  sap  of  the  maple  tree  contains  but  about  0.01  per 
cent,  of  albuminoids. 

Notwithstanding  the  fact  that  the  dilution  of  the  maple  sap  is 
greater  than  that  of  the  cane  juice,  the  fact  remains  that  the  ratio 
of  albuminous  matters  to  total  solids  of  the  cane  juice  is  greater  than 
that  of  the  maple  sap. 

The  greater  sulphur  contents  of  the  grocers'  brown  sugar,  which 
may  readily  be  determined,  is  apparently  due  to  this  cause. 

The  potash  in  the  ash  of  sugar  from  the  cane  has  always  been  ac- 
companied in  our  experience  by  a  notable  proportion  of  sodium  salt, 
while  the  soluble  ash  of  maple  sugar  has  proved  nearly  pure  potash. 

Maple  Syrup. 

Twenty-seven  genuine,  3  adulterated.     The  adulterant  found  was 

glucose  syrup. 

Tea. 

Eighty-five  genuine,  6  inferior.  Two  samples  of  compressed  tea 
tablets  were  examined,  with  the  following  widely  different  results :  — 


Total  hot  water  extract, 
AVater,    . 
Insoluble  ash, 
Soluble  ash,  . 
Theine,  .... 


19.5 
5.05 
4.45 
3.45 


54.4 

8.7 
2.6 
2.8 
2.25 
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Food  Preservatives. 

Samples  of  canned,  bottled  and  dried  foods  of  various  kinds  have 
been  examined  for  artificial  preservatives.  Among  those  containing 
borax  or  boracic  acid  were  samples  of  shredded  codfish,  oysters  and 
clam  juice. 

Notable  amounts  of  salicylic  acid  were  found  in  many  brands  of 
tomato  catsup,  grape  juice,  strawberry  jam,  mince  and  apple  prep- 
arations for  pi es,  lager  beer  and  fruit  syrups. 

A  salt  sold  on  the  fish  wharves  as  a  "  fish  preservative"  proved  to 
be  a  mixture  of  common  salt  and  borax.  An  "  oyster  preservative  v 
proved  to  be  a  mixture  of  salt  and  boracic  acid. 


Egg  Foods. 

Samples  of  egg  foods  were  examined,  with  the  following  results. 
They  purported  to  be  the  equivalents  in  all  respects  of  fresh  eggs. 
A  ten-cent  package  of  sample  A,  for  instance,  weighing  about  two 
ounces,  is  announced  to  be  equal  to  twelve  eggs,  whether  of  the 
domestic  fowl  or  not  is  not  specified. 


A 

B 

c 

Protein, 

vV  aD6r,      ••••••• 

Corn  starch,  salts  and  coloring  matter, 

16.94 
3.43 
6.71 

72.92 

18.72 
3.40 
7.01 

70.87 

48.15 

40.56 

5.95 

5.34 

Another  sample  was  found  to  contain  29.9  per  cent,  of  sugar. 

It  will  be  noted  that  the  composition  of  sample  C  corresponds 
closely  to  the  analysis  of-  dried  eggs,  which  contain  of  proteid,  54 
per  cent. ;  fat,  40  per  cent. ;  salts,  5  per  cent. 

A  sample  of  barberry  preserve  which  had  been  boiled  in  a  copper 
kettle  was  found  to  contain  .003  grams  of  copper  per  100,  calculated 
as  the  sulphate. 

Samples  of  extract  of  vanilla  were  examined  by  Merck's  method. 
Ten  were  found  to  contain  from  .87  to  2.23  grams  of  vanillin  per 
litre.     Two  others  were  found  to  contain  coumarin. 

Samples  of  fruit  jellies  were  found  to  be  composed  of  a  cheap 
cider  jelly  variously  modified  by  neutralizing  and  artificially  coloring 
and  flavoring  to  represent  currant,  blackberry,  etc. 
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Thirty-seven  samples  of  granite- wa^e  dishes  were  examined.  They 
comprised  a  great  variety  of  articles,  a  large  number  of  which  were 
for  use  as  cooking  utensils.  When  thus  used,  particularly  with 
acid  contents,  the  metallic  constituents  of  the  glaze  are  dissolved 
quite  readily.  Of  these  cooking  utensils  the  glaze  was  found  in  23 
instances  to  contain  notable  quantities  of  antimony  and  in  1  instance 
a  small  trace  of  arsenic;  10  contained  tin.  The  glaze  of  12  was 
found  to  be  properly  composed  of  harmless  silicates. 

A  considerable  number  of  samples  of  a  miscellaneous  nature  have 
been  examined.  Among  them  may  be  mentioned  samples  of  tea, 
meat,  etc.,  which  were  reported  to  have  caused  symptoms  of  poison- 
ing.    On  examination  they  gave  negative  results. 

Various  pudding  preparations,  such  as  "Kustard"  and  "Desertine," 
were  found  to  be  essentially  corn-starch,  sweetened,  colored  and 
flavored. 

A  sample  of  "  phosphated  gelatine"  proved  very  strongly  acid, 
containing  no  less  than  3.42  per  cent,  of  phosphoric  acid. 

Summary  of  Food  Statistics. 


Foods. 


Genuine. 

Adulterated. 

Total. 

Per  Cent,  of 
Adulteration. 

98 

4 

102 

0.9 

186 

5 

191 

2.6 

18 

25 

38 

65.8 

146 

2 

148 

1.3 

73 

34 

107 

31.8 

13 

0 

13 

0.0 

193 

15 

208 

7.2 

79 

19 

98 

19.4 

61 

1 

62 

1.6 

364 

12 

376 

3.2 

134 

22 

156 

14.1 

41 

2 

43 

4.6 

17 

8 

25 

32.0 

16 

0 

16 

0.0 

40 

7 

47 

14.9 

27 

3 

30 

10.0 

143 

279 

422 

66.1 

212 

13 

225 

5.3 

127 

71 

198 

35.9 

6 

0 

6 

0.0 

42 

9 

51 

17.7 

220 

17 

243 

7.0 

5 

6 

11 

54.5 

85 

6 

91 

6.6 

32 

32 

64 

50.0 

2,379 

592 

2,971 

19.9 

Allspice, . 
Butter,     . 
Canned  goods, 
Cassia,     . 
Cayenne, 
Cheese,    . 
Cloves,     .        . 
Coffee, 

Confectionery, 
Cream  of  tartar, 
Ginger,    . 
Honey,     . 
Lard, 
Mace, 

Maple  sugar,  . 
Maple  syrup,  . 
Miscellaneous, 
Molasses, 
Mustard,. 
Nutmeg, . 
Olive  oil, 
Pepper,    . 
Syrups,    . 
Tea, 
Vinegar,  . 

Total, 
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Drugs. 
Acidum  Benzoicum :  4  standard. 

Acidum  Hydrobromicum  Dilutum :  1  standard. 

Acidum  Tannicum:  12  standard. 

JEther:  5  standard  ;  8  inferior,  containing  too  much  alcohol. 

Alcohol:  6  standard. 

Aqua  Ammonice:  10  standard;  1  inferior,  containing  too  little 
anhydrous  ammonia. 

Aqua  Chlori:  2  inferior;  1  sample  contained  no  trace  of  chlorine. 

Aqua  Destillata:  But  little  care  appears  to  be  taken  to  supply  a 
good  article.  The  amount  of  solid  matters  per  100,000  parts  of 
water  may  be  seen  by  the  following  table  of  results  of  samples 
examined :  — 

Distilled  Water  (Parts  of  Solids  per  100,000  of  Water). 

0.01  4.0  6.5  7.2  9.0  18.3 

0.0  4.2  6.5  7.5  9.0  20.0 

0.3  4.5  6.5  7.5  9.1  38.5 

0.8  4.5  6.5  8.0  11.9  120.0 

3.0  6.2  6.6  8.5  12.8 

Aqua  Hydrogenii  Dioxidi :  2  standard;  2  inferior.  The  samples 
which  failed  to  meet  the  Pharmacopoeial  requirements  contained  but 
57.5  per  cent,  and  25  per  cent,  of  the  proper  amount  of  peroxide. 

Argenti  Nitras:  7  standard  ;  1  inferior,  containing  a  sodium  salt. 

Bismuthi  Subcarbonas:  1  standard. 

Bismuthi  Subnitras:  7  standard  ;  2  inferior,  containing  traces  of 
arsenic. 

Calx  Chlorata :  2  standard ;  2  inferior.  One  of  these  samples 
contained  but  12  per  cent,  of  available  chlorine.  The  Pharmacopoeia 
demands  35  per  cent. 
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Cerii  Oxalas:  3  standard. 

Chloroformum :  8  standard  ;  1  inferior. 

Creta  Prceparata:  3  standard. 

JExtractum  Glycyrrhizce :  2  standard  ;  23  inferior,  containing  con- 
siderable amounts  of  corn  starch. 

Glycerinum:  2  standard. 

Iodoformum:  1  standard. 

Lycopodium:  1  standard. 

Magnesii  Sulphas:  2  standard. 

Morphince  Sulphas:  1  standard. 

Oleum  JEtheris :  1  inferior,  consisting  chiefly  of  amyl  alcohol. 

Oleum  Limonis :  3  standard  ;  1  inferior. 

Oleum  Morrhuce:  5  standard. 

Oleum  Iticini:  10  standard. 

Potassii  Iodidum:  1  standard. 

Pulvis  Glycyrrhizce:  1  standard. 

Pulvis  Glycyrrhizce  Compositus:  1  inferior. 

Pulvis  Opii:  The  Pharmacopoeia  demands  from  13  to  15  per 
cent,  of  morphine.  Samples  gave  on  analysis  percentages  of  mor- 
phine as  follows :  — 

17.3  15.6  14.7  14.2  13.4 

16.5  15.0  14.6  14.1 

Pulvis  Rhei:  3  standard. 

Spiritus  JEtheris  Compositus:  6  standard;  8  inferior,  containing 
little  or  no  heavy  oil  of  ether,  upon  which  the  virtue  of  the  drug 
depends. 
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Spiritus  ^Etheris  Nitrosi:  but  very  few  samples  showed  even  an 
approximation  to  the  Pharmacopoeia,  requirement  in  contents  of 
ethyl  nitrite.  This  drug  cannot  be  properly  kept  unless  in  small, 
securely  sealed  bottles,  away  from  the  light,  and  even  so  it  loses  its 
strength  in  the  course  of  years.  Apparently  but  little  care  is  exer- 
cised by  druggists  to  observe  these  necessary  precautions. 


Percentages  of 

the 

Required 

Amount 

of  Ethyl 

Nitrite  refen 

'ed  to  the  Pharmar 

copccial  Standard 

{100  per 

cent.) 

contained 

in 

Samples  of  Spiritus  JEtheris 

Nitrosi. 

90 

69 

47 

30 

8 

90 

69 

45 

28 

6 

90 

67 

44 

27 

5 

85 

66 

44 

25 

5 

83 

65 

43 

25 

4 

82 

65 

42 

23 

3 

79 

63 

42 

21 

3 

77 

60 

41 

20 

3 

77 

60 

41 

20 

3 

71 

60 

41 

19 

2 

70 

60 

38 

19 

2 

70 

58 

36 

18 

1 

70 

56 

36 

16 

1 

70 

52 

34 

11 

1 

70 

47 

33 

10 

Spiritus  Frumenti:  1  standard;  6  inferior,  as  shown  below  *  :  — 


Alcohol  (bt  Wright). 

Extract 

Alcohol  (bt  Weight). 

Extract. 

44  a  «T|      •                    .                    .                    .                    • 
*%M  .  «/0,      .                    •                    •                    •                    . 

4*.ou,   •          •          •          •          • 

3.24 
0.74 
1.00 
0.54 

42.48,          .... 
37.22, 

Of  . 1/ ,               •             •             .             . 

0.48 
0.16 
0.20 

The  high  extract  is  due  chiefly  to  added  sugar. 


Tinctura'Iodi:    33  standard;    37  inferior,  containing  too  little 
iodine. 

Tinctura  Opii:  the  Pharmacopoeia  demands  from  1.3  to  1.5  per 
cent,  of  morphine. 

*  The  Pharmacopoeial  standard  requires  44  to  60  per  cent,  of  alcohol  by  weight,  and  not  more 
than  0.25  per  cent,  of  extract. 
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The  samples  analyzed  contained  the  following  percentages  of 
morphine :  — 


1.63 

1.26 

1.14 

1.00 

0.94 

0.84 

1.60 

1.25 

1.11 

0.98 

0.94 

0.82 

1.48 

1.23 

1.08 

0.98 

0.93 

0.78 

1.43 

1.23 

1.08 

0.97 

0.91 

0.76 

1.37 

1.23 

1.07 

0.96 

0.90 

0.68 

1.35 

1.18 

1.05 

0.96 

0.89 

0.67 

1.35 

1.16 

1.04 

0.96 

0.89 

0.53 

1.28 

1.15 

1.03 

0.95 

0.88 

0.43 

1.27 

1.15 

1.00 

0.95 

0.88 

1.26 

1.15 

1.00 

0.95 

0.84 

Sapo :  The  Pharmacopoeia  prescribes  a  limit  of  36  per  cent,  of 
water  and  tests  by  which  an  excess  of  free  alkali  and  the  presence 
of  animal  fats,  which  are  prohibited,  may  be  determined.  The 
agreement  of  the  samples  examined  with  these  requirements  may  be 
seen  from  the  following  table  :  — 


SAMPLE. 


Excels  of  Free  Alkali. 


Pretence  of 

Animal  Fat* 

bytherharm*- 

copaslAl  Teat. 


1, 

2, 
3, 
4, 
5, 
6, 
7, 
8, 

9, 
10, 

11, 
12, 
13, 
14, 
15, 
16, 
17, 
18, 
19, 
20, 

21, 
22, 
23, 
24, 
25, 
26, 
27, 
28, 

29, 
30, 

31, 
32, 
33, 


7.4 
3.6 


4.1 


10.8 
7.1 


9.0 
7.1 
5.9 
9.8 
4 
4 
0 
4 
1 
4 


6 

6 

5 

9 

9 

5 

7.4 
11.2 

6.2 
15.0 

6.7 
14.8 

7.0 

8.3 
27.0 

5.5 

6.0 

9.7 

7.5 
10.6 

4.9 

2.4 
12.2 

5.8 


Slight  excess. 
None. 

Much  excess. 
Much  excess. 
None. 
None. 
None. 
None. 

Much  excess. 
Much  excess. 
Much  excess. 
None. 
None. 
None. 
None. 

Slight  excess. 
None. 
None. 

Much  excess. 
Slight  excess. 
Slight  excess. 
None. 

Much  excess. 
Slight  excess 
Slight  excess. 
Slight  excess. 
Much  excess. 
Slight  excess. 
Slight  excess. 
Much  excess. 
None. 
None. 
None. 


None. 

None. 

None. 

None. 

Present. 

Present. 

Present. 

Present. 

Present. 

Present. 

Present. 

IVesent 

None. 

None. 

Present. 

Present 

None. 

None. 

None. 

Present 

Present. 

Present. 

Present. 

l*resent 

Present. 

Present. 

Present 

Present 

Present 

None. 

Present 

None. 

None. 
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Unguentum  Hydrargyri:  the  Pharmacopoeia  demands  50  per 
cent,  of  mercury.  The  percentages  of  mercury  found  in  the  sam- 
ples examined  were  as  follows  :  — 


60 

61 

35 

32 

23 

67 

49 

34 

31 

20 

62 

48 

33 

30 

20 

62 

47 

33 

30 

8.9 

A  sample  of  unguentum  zinci  oxidi  was  found  to  be  composed  of 
10.5  per  cent,  of  oxide  of  zinc  mixed  with  plain  lard.  The  Phar- 
macopoeia demands  20  per  cent,  of  the  zinc  salt  to  be  mixed  with 
benzoated  lard. 

Vinum  Album:  12  samples,  all  inferior,  as  shown  by  the   fol- 
lowing figures :  — 


Alcohol  (bt  W bight). 

Extract. 

Alcohol  (bt  Weight). 

Extract 

19.17,   

18.86,   

17.16,    

17.00,   

15.47 

15.45,    

4.70 

5.14 
4.14 
6.46 
6.00 
7.50 

15.17,          .... 
15.06,          .... 
14.64,         .... 
13.54,         .... 
13.41,         .... 
13.03, 

5.90 
6.00 
7.29 
7.96 
7.00 
6.00 

The  Pharmacopoeia  demands  10  to  14  per  cent,  of  alcohol  and  1.5 
to  3  per  cent,  of  solid  extract.  The  high  extract  was  due  chiefly 
to  added  sugar. 

Vinum  Rubrum:  12  samples,  all  inferior,  as  follows  :  — 


Alcohol  (bt  Wright). 

Extract. 

Alcohol  (bt  Weight). 

Extract. 

18.08 

11.4* 

15.00,           .... 

12.20 

17.00,   

10.15 

14.91,         .... 

13.76 

16.92,   

11.49 

14.09,         .... 

15.03 

16.62,   . 

13.59 

13.69, 

10.42 

16.15 

13.04 

12.62,         .... 

10.50 

15.17,   

10.09 

11.31,         .... 

11.99 

The  Pharmacopoeia  demands  10  to  14  per  cent,  of  alcohol  and  1.6 
to  3.5  per  cent,  of  solid  extract.  As  a  rule  port  wine  contains  a 
large  amount  of  added  sugar. 
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Several  samples  of  Mme.  Ruppert's  face  bleach  have  been  exam- 
ined and  all  were  found  to  contain  corrosive  sublimate  to  the  extent 
of  about  27  grains  per  8  ounce  bottle.  The  bottles  were  provided 
with  the  poison  labels  required  by  statute,  but  they  were  pasted  on 
the  bottoms  of  the  bottles,  where  they  are  fairly  certain  to  escape 
the  notice  of  the  average  purchaser. 

A  sample  of  "  Perry's  Freckle  Lotion  "  was  found  to  contain  39 
grains  of  the  same  poison  per  8  ounce  bottle. 

A  "  Recamier  Balm  "  was  found  to  consist  essentially  of  zinc  oxide 
suspended  in  water  with  a  trace  of  corrosive  sublimate. 

An  "  Excelsior  Hair  Tonic"  consisted  essentially  of  a  bay  rum 
containing  quinine. 

A  sample  of  "  Pulmonine"  was  found  to  contain  16  per  cent,  of 
alcohol  by  volume. 

A  "  Coca-Kola  "  preparation  contained  caffein,  cocain,  sugar  and 
tartaric  acid. 

"  Hunyadi  Granules"  were  found  to  consist  essentially  of  tartaric 
acid  and  bicarbonate  of  soda. 

44  Vichi  Granules"  were  of  the  same  composition. 


Summary, 

Oenulne. 

Adulterated. 

Total. 

Milk, .... 

*                •                •                • 

1,720 

2,379 

212 

1,829 
592 
332 

3,549 

2,971 

544 

Total, . 

4,311 

2,753 

7,064 

Respectfully  submitted, 


CHARLES  P.  WORCESTER. 
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PROFESSOR  GOESSMANN'S  REPORT. 


The  whole  number  of  samples  of  milk  obtained  and  examined  in 
the  four  western  counties  during  the  year  was  245,  of  which  number 
60,  or  24.5  per  cent.,  proved  to  be  below  the  standard. 

It  would  be  fair,  however,  to  exclude  from  this  number  12  samples 
which  were  obtained  in  West  Deerfield  from  suspected  producers,  of 
which  number  11  were  found  to  be  below  the  standard.  Three  of 
this  number  were  taken  from  one  dairy,  and  the  results  of  analysis 
showed  the  following  figures  :  8.69,  7.44  and  6.66  per  cent,  of  total 
solids  respectively,  the  latter  being  the  lowest  taken  during  the 
year,  and  representing  about  50  per  cent,  of  added  water.  This 
man  was  promptly  convicted  and  fined. 

With  these  exceptions  the  percentage  of  adulterated  samples  in 
milk  taken  under  the  usual  conditions  of  sale  was  21,  or  a  trifle  less 
than  that  of  1894. 

The  ratio  of  adulteration  for  the  past  ten  years  shows  a  fairly 
uniform  quality,  the  figures  being  as  follows :  — 


Tbab. 


Per  Cent  of 
Adulteration. 


1886, 
1887, 
1888, 
1889, 
1890, 


20.0 
10.5 
15.7 
17.7 
22.6 


Teas. 


PerCent  of 
Adulteration. 


1891,  . 

1892, 

1893 

1894, 

lo«/Of  •     •     .     •     • 


18.4 
19.8 
20.8 
21.3 
21.0 


Mean  ratio,  ten  years,  18.9  per  cent. 

These  figures  are  the  result  of  examination  of  2,407  samples,  of 
which  456  were  below  standard. 
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The  following  summary  embraces  the  samples  of  milk  obtained 
during  the  year  in  cities  and  towns  west  of  Worcester  County. 
The  results  of  analyses  were  as  follows :  — 

Whole  number  examined, 245 

Number  above  standard, 185 

Number  below  standard, 60 

Percentage  below  standard, 24.5 

Number  samples  skimmed  milk, 11 


Number  of  samples, . 
Number  above  standard.   . 
Number  below  standard,  . 
Percentage  below  standard, 
Skimmed  milk,  . 


Chicopee. 


22 
18 

4 
18.2 

3 


Holyoke. 

Number  of  samples, 58 

Number  above  standard, 47 

Number  below  standard, 11 

Percentage  below  standard, 19.0 

Skimmed  milk, 5 


Number  of  samples, . 
Number  above  standard,  . 
Number  below  standard,  . 
Percentage  below  standard, 
Skimmed  milk,  . 


Northampton, 


17 

17 
0 
0 


Number  of  samples, . 
Number  above  standard,    . 
Number  below  standard,  . 
Percentage  below  standard, 
Skimmed  milk,  . 


PiUsfield. 


16 

13 

3 

18.6 


Springfield. 

Number  of  samples,.        .        . 44 

Number  above  standard, 33 

Number  below  standard, 11 

Percentage  below  standard, 25.0 

Skimmed  milk, 1 
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The  results  in  the  towns  were  as  follows :  — 


. 

Total. 

Above 
Standard. 

Below 
Standard. 

Percentage 

Below 
Standard. 

Greenfield, 

1 

15 

10 

6 

_ 

North  Adams, 

14 

12 

2 

- 

South  Hadley,         .... 

i 

1 

- 

— 

Ware, 

32 

24 

8 

— 

West  Deerfield,       .... 

12 

1 

11 

- 

Westfield, 

14 

9 

5 

88 

57 

» 

35.2 

Amherst,  Mass. 


C.  A.  GOESSMANN, 

Analyst. 


REPORT 


UPON  THE 


Production  and  Use  of  Antitoxin. 
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REPORT  UPON  THE  PRODUCTION  AND  USE  OF  ANTITOXIN. 


In  the  last  annual  report  of  the  State  Board  of  Health  (p.  cvii) 
brief  reference  was  made  to  the  work  of  the  Board  which  had  been 
indertaken  for  the  purpose  of  providing  a  supply  of  antitoxin  for 
general  use  in  reducing  as  far  as  possible  the  fatality  from  diph- 
heria  in  Massachusetts.     The  saving  of  human  life,  which  had  been 
claimed  by  Dr.  Roux  in  his  report  upon  this  subject  at  the  Inter- 
lational  Congress  of  Hygiene  at  Buda  Pesth  in  1894,  and  the  similar 
esults  elsewhere  attained  on  both  sides  of  the  Atlantic,  were  ap- 
arently  demonstrated  in  so  convincing  a  manner  as  to  warrant  the 
doption  of  antitoxin  both  as  a  therapeutic  and  preventive  remedy 
>r  general  use.    Hence  the  Board,  acting  under  the  provisions  of  the 
atutes  requiring  it  to  "  take  cognizance  of  the  interests  of  health 
id  life  among  the  citizens  of  the  Common  wealth,"  and  believing  it 
>88ible  to  reduce  the  fatality  and  consequently  the  death  rate  from 
phtheria,  not  only  by  recommending  the  use  of  this  measure  for 
e  purpose,  but  also  by  providing  the  material  for  such  use,  estab- 
hed  in  October,  1894,  a  laboratory  for  the  production  of  antitoxin, 
d  appointed  Dr.  J.  L.  Goodale  of  Cambridge  to  superintend  the 
»rk  of  its  preparation.      The  scope  of  this  laboratory  was  soon 
erward  enlarged,  so  as  to  embrace  general  bacteriological  work. 
Dr.  Goodale  entered  upon  the  work  with  enthusiasm,  and  the 
:cessful  operation  which  was  thus  secured  was  largely  due  to  his 
nest  devotion  to  this  work.     Since,   however,  it  soon  became 
essary  to  provide  for  additional  bacteriological  work  on  a  larger 
le,  Dr.  Theobald  Smith,  chief  of  the  Division  of  Pathology  of 
>  Bureau  of  Animal  Industry  at  Washington,  D.  C,  was  appointed 
,  pathologist  of  the  Board,  to  take  charge  of  this  department. 
After  the   necessary  preliminary  steps  had  been  taken  toward 
^curing  a  continuous  supply  of  antitoxin  (providing  the  stables, 
archasing  the  horses,  preparing  and   injecting  the  toxine,  etc.), 
le  first  quantity  of  antitoxin  of  a  sufficient  strength  for  use  in  the 
•eventive   treatment  of  diphtheria   was    offered    for    distribution 
arch,   1895,  and  the  following  circular  was  then  published  and 
atributed  to  boards  of  health  throughout  the  State :  — 
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Commonwealth  of  Massachusetts. 
Diphtheria  Antitoxin  . 

[A  Circular  of  the  State  Board  of  Health.] 

State  House,  Boston,  March  25, 1895. 

The  investigations  of  Behring  and  Roux  with  reference  to  the  value  of 
serum-therapy  in  the  treatment  of  diphtheria,  and  the  later  experience  of 
its  use  in  diminishing  the  mortality  from  this  disease,  are  widely  known 
and  fully  understood. 

The  State  Board  of  Health,  in  accordance  with  its  organic  purpose  as 
denned  in  the  statutes,  having  in  view  the  "  interests  of  health  and  life 
among  the  citizens  of  the  Commonwealth,"  and  recognizing  the  value  to 
the  people  of  any  agent  which  will  measurably  prevent  the  ravages  of  a 
disease  capable  of  destroying  more  than  a  thousand  of  lives  annually  in 
Massachusetts  and  of  causing  suffering  which  cannot  be  expressed  numeri- 
cally, has  prepared  a  supply  of  antitoxin,  for  the  benefit,  primarily,  of 
such  communities  in  this  State  as  find  it  difficult  or  impracticable  for  any 
reason  to  supply  themselves  with  the  new  agent  from  reliable  sources. 

Great  care  has  been  exercised  in  the  preparation  of  this  supply  to  fulfil  the 
most  exacting  technical  requirements  for  obtaining  a  pure  and  trustworthy 
product,  and  the  tests  of  its  strength  have  shown  satisfactory  results. 

The  Board  does  not  propose  to  offer  it  for  sale,  but  its  gratuitous  dis- 
tribution will  be  under  strict  conditions  designed  to  prevent  abuse  and 
waste  and  to  obtain  the  most  beneficial  fruits.  Each  bottle  is  marked  with 
a  number  and  the  date  of  the  preparation  of  its  contents.  No  antitoxin 
will  be  issued  except  upon  a  pledge  that  a  full  statement  of  the  observed 
effects  of  its  use  will  be  returned  to  the  Board  at  the  termination  of  the 
case.  In  all  instances  possible  a  bacterial  diagnosis  will  be  insisted  upon. 
The  Board  desires  to  emphasize  the  importance  of  using  such  appliances 
only  as  are  adapted  to  the  proper  administration  of  the  remedy,  of  remem- 
bering that  experience  has  demonstrated  that  antitoxin  is  most  useful  in 
the  earliest  stages  of  a  diphtheritic  attack,  and  of  realizing  that  trained 
medical  skill  is  required  to  administer  it  successfully. 

A  blank  form  for  the  report  and  a  detailed  statement  of  instructions  as 
to  methods  will  accompany  each  bottle  of  the  antitoxin  serum. 

For  the  needs  of  persons  living  within  twenty-five  miles  of  Boston,  it 
will  be  required,  for  the  present,  that  personal  application  at  the  office  of 
the  Board  shall  be  made  by  the  attending  physician  in  the  diphtheria  case, 
or  by  some  person  authorized  by  him.  For  the  convenience  of  more  distant 
parts  of  the  State,  local  agencies  at  public  hospitals  or  municipal  health 
offices  will  probably  be  established  by  the  Board  in  accessible  centres. 

The  office  of  the  Board  (Room  141,  State  House  Extension)  is  open  each 
week-day,  except  Saturday,  from  9  a.m.  to  5  p  m.,  and  on  Saturday  from 
9  a.m.  to  2  p.m.  Sam'l  W.  Abbott,  Secretary. 
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9  a  matter  of  convenience,  therefore,  the  time  embraced  in  this 
>rt  is  made  to  include  the  full  year  ending  with  March  31,  1896, 
3  the  general  distribution  of  antitoxin  by  the  Board  may  be  con- 
red  as  beginning  about  one  year  earlier  than  that  date,  although 
n  vials  were  issued  during  the  last  week  of  March,  1895. 
lphtheria  usually  prevails  with  considerable  severity  in  the 
Dg  months,  but  not  so  severely  as  in  winter;  and,  since  the 
k  of  the  same  character  proposed  for  the  city  of  Boston  was  not 
in  operation,  the  demand  for  antitoxin  which  came,  not  only  from 
cities  and  towns  but  also  from  the  newly  equipped  contagious 
use  hospital  of  Boston,  for  several  weeks  required  all  that  the 
rd  could  supply.  With  the  exception,  however,  of  a  few  days 
lidsummer,  it  was  enabled  to  supply  all  that  was  demanded, 
he  compiler  recognizes,  at  the  outset,  the  extreme  difficulties 
iding  the  analysis  of  the  results  of  the  use  of  antitoxin,  and 
therefore  availed  himself  of  the  recognized  authorities  upon  the 
ect,  and  has  followed  their  methods  as  closely  as  possible  in  pre- 
ing  these  results. 

jarcely  any  subject  in  medicine,  requiring  careful  analysis,  pre- 
s  so  great  a  multiplicity  of  limiting  conditions  and  circumstances, 
example,  the  diagnosis  of  the  disease,  the  age  and  sex  of  the 
ant,  the  severity  of  the  attack,  the  time  elapsing  before  the 
loyment  of  antitoxin,  the  previous  condition  of  the  patient, 
quantity  and  strength  of  the  serum  employed,  the  existence  of 
plications  and  of  surgical  operations  performed  upon  the  patient, 
ich  and  all  of  these  conditions  affect  the  result,  and  some  of 
l  to  a  very  important  degree. 

i  Dr.  Welch's  admirable  monograph  on  the  "  Treatment  of 
theria  by  antitoxin"  a  summary  is  presented  which  gives  the 
Its  of  the  use  of  antitoxin  in  7,166  cases  of  diphtheria.  This 
ists  of  the  experience  of  82  observers,  widely  separated,  in  dif- 
it  parts  of  the  world,  including  France,  Germany,  Austria, 
ium,  Switzerland,  England  and  America.  The  deaths  were 
9,  or  17.3  per  cent,  of  the  whole  number  of  cases.  It  was 
lated,  from  observations  recorded  by  these  same  authorities, 
the  mean  fatality  in  the  same  places  and  under  similar  con- 
ns, before  the  introduction  of  antitoxin,  was  42.1  per  cent. 
the  foregoing  figures  are  very  largely  quoted  from  hospital  prac- 
wherein  the  fatality  is  invariably  and  for  obvious  reasons  greater 
that  which  occurs  in  general  private  practice. 
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The  following  figures  give  the  fatality  from  diphtheria  and  croup 
in  general  practice  in  England  and  in  Massachusetts,  and,  being  the 
results  of  observation  in  over  84,000  cases,  may  be  taken  as  fairly 
correct. 

That  of  England  for  the  five  years  (1890-94)  was  24.4  per  cent., 
being  the  ratio  of  17,318  deaths  to  71,003  reported  cases  ;  and  that 
of  Massachusetts  for  1891-94  was  28.3  per  cent.,  being  the  ratio  of 
3,768  deaths  to  13,332  notified  cases. 

The  actual  fatality  in  Massachusetts  was  probably  slightly  less 
than  28.3,  in  consequence  of  the  fact  that  the  registered  deaths  from 
diphtheria  may  be  regarded  as  nearly  correct,  while  the  number  of 
reported  cases  must  be  regarded  as  less  than  the  actual  number,  on 
account  of  failure  or  neglect  to  report  in  some  instances,  especially 
in  small  towns,  where  no  well-organized  boards  of  health  exist. 

The  claim  has  been  made  that  the  decrease  in  fatality  in  diphtheria 
is  not  due  to  the  use  of  antitoxin,  but  to  improved  modes  of  diag- 
nosis, by  means  of  bacterial  cultures.  On  the  other  hand,  it  is  also 
true  that  before  the  introduction  of  more  accurate  means  of  diag- 
nosis it  was  a  quite  common  practice  with  some  physicians  to  report 
all  cases  of  sore  throat  as  diphtheria,  so  that  these  two  facts  must  be 
considered  together. 

From  all  the  evidence  that  we  can  obtain  from  recorded  observa- 
tions, we  are  inclined  to  believe  that  25  per  cent,  should  be  con- 
sidered as  being  about  the  average  fatality  for  diphtheria  in 
Massachusetts  during  the  five  years  previous  to  the  introduction  of 
antitoxin.  During  the  severe  epidemic  years  from  1875  to  1882, 
it  is  probable  that  the  fatality  was  somewhat  greater. 

The  fatality  in  hospital  practice  may  be  considered  as  at  least  50 
per  cent,  greater  than  that  of  general  practice,  since  mild  cases  do 
not  generally  reach  the  hospital,  and  many  of  those  who  are  sent  for 
hospital  treatment  are  beyond  all  prospect  of  recovery  at  the  time 
of  admission. 

The  limited  character  of  this  report,  that  is  to  say,  the  defect  due 
to  the  fact  that  a  very  considerable  portion  of  the  antitoxin  issued 
is  unaccounted  for  by  any  returns  from  those  who  used  it,  is  due  to 
several  causes.  First,  the  distribution  of  the  material  over  a  large 
extent  of  territory  (in  some  instances  one  hundred  and  fifty  miles 
or  more  from  the  base  of  supply)  ;  second,  its  use  in  many  in- 
stances in  small  towns  in  which  the  physicians  were  unused  to  the 
work  of  making  returns ;  third,  about  two  hundred  packages  were 
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>r  immunizing;  fourth,  a  small  allowance  must  be  made  for 
^es  of  bottles  and  for  packages  remaining  unused  on  deposit 
►ards  of  health. 

first  bottles  of  serum,  issued  near  the  close  of  March,  1895, 
ed  twenty  cubic  centimeters  of  serum  each,  and  for  several 

this  quantity  was  put  into  each  vial ;  but,  as  the  strength  of 
um  was  increased,  the  size  of  the  receptacle  was  diminished, 
fifteen  cubic  centimeters  and  finally  to  ten  cubic  centimeters, 
:er  size  being  at  present  employed  exclusively,  for  the  pur- 
f  containing  the  quantity  of  serum  most  convenient  for  ira- 
3  use,  since  it  is  essential  to  its  proper  employment  that  no 

of  the  contents  should  be  reserved  for  future  use  after  a 
has  once  been  opened,  unless  such  reserved  portion  be  used 
a  few  hours  (twenty-four  hours  at  the  extreme  limit)  after- 
total  amount  of  antitoxin  serum  issued  by  the  Board  during 
ir  ending  March  31,  1896,  was  1,724  bottles,  containing  in 
ut  30,000  cubic  centimeters  of  serum,  the  strength  of  which 
from  sixty  to  one  hundred  units  in  each  cubic  centimeter, 
serum  was  distributed  to  the  cities  and  towns  as  follows :  — 


j  Number  of  Bottles  of  Diphtheria  Antitoxin  distributed  to  the  Different 
Towns  and  Cities  from  March  23, 1895,  to  April  i,  1896. 


ClTT  OR  TOWH. 


•ion,  . 

OStOD, 

,  Plain, 
town, 

1* 

iter,    . 

•pitai, 

i'i  Hospital, 

ineetts  General  Hospital, 

!••» 

Igeport, 

•pltal,        .       .        .       . 

lambridge, 


46 
4 

23 
1 
1 
8 
9 
195 

81 
1 

82 

41 

146 

19 


H  amber  | 
Bottles.   I 

i 

i 


V     868 


288 


ClTT  OR  TOWM. 

Worcester, 

Lynn,         

Woburn : 

Wobarn, 74 

North  Woburn,  1 

Newton : 

Newton, 10 

West  Newton,       ....       2 
Newton  Upper  Fall*,  1 

City  Hospital,        ....     68 

Brookline, 

Waltham, 

Everett, 

Maiden, 

Taunton, 

Stoneham, 


Number 
Bottles. 


101 
83 

75 


71 


70 
56 
47 
43 
42 
84 
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Shouting  Number  of  Bottles  of  Diphtheria  Antitoxin  distributed  to  the  Different 
Towns  and  Cities  from  March  23, 1895,  to  April  i,  1896  —  Continued. 


ClTT  OR  TOWM. 


Number 
Bottles. 


Winchester, 

Beverly, 

8omervllle : 

Somervllle, 21 

West  Somervllle,  ....       4 

Haverhill, 

Lowell, 

Pittsfleld, 

Springfield 

Mllford, 

Abington : 

Ablngton, 12 

North  Abington,  ....       4 

Amesbury, 

Dal  ton 

Arlington, 

Braintree : 

Bralotree, 4 

South  Braintree,   ....     10 

Fltchburg, 

Clinton, 

North  Adam*, 

Randolph 

Weymouth : 

Weymouth, 2 

North  Weymouth,        ...       3 
Eaat  Weymouth,  ....       4 

Sharon, 

Hyde  Park 

Marlborough, 

Qulncy : 

Qulncy 5 

West  Qulncy,         ....       2 

Westfleld 

Fozborough, 

Northborough, 

Fall  River 


I 


32 
26 

25 

22 
19 
17 
17 
16 


16 

15 
15 
14 


14 

13 
12 
11 
11 


8 
7 

7 


7 
6 
6 
5 


ClTT  OR  TOWK. 


Hudson,     . 
Weslbo  rough, 
Bedford,    . 

Rockland, . 
Watertown, 
Melrose : 

Melrose, 

Melrose  Highlands, 
Palmer : 

Palmer,  . 

Three  Rivers, 

Hard  wick, 

Ludlow,     . 

North  Attleborough 

Southampton, 

Ware, 

|  Warren,     . 

1 1  Concord,    . 

i; 

!  Brockton : 

I      Brockton, 

Carapello, 

I  Ashburnham, 

|  Lenox, 

!  Holbrook, 

I  Moonon, 

I  Norwood, 

Salem, 
:  Saugus, 
I  Boylston, 
I  Brlmfteld, 
I  Cummlngton, 

Canton, 

Danvers, 
I  Dedham, 
I  Georgetown, 
I  Hanson,     . 


Somber 
Botueft. 


3 
1 

2 
2 


1! 


5 
* 
4 
4 
4 
4 


3 
3 
3 
S 
3 
3 

4 


2 

o 


2 
1 
1 
1 
1 
1 
1 
1 
1 
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vowing  Number  of  Bottles  of  Diphtheria  Antitoxin  distributed  to  the  Different 
Towns  and  Cities  from  March  23, 1895,  to  April  i,  1896— Concluded. 


It  was  distributed  to  the  following  hospitals,  in  accordance  with 

>  demand  from  them  :  — 

[n  Boston,  the  City  Hospital  for  Contagious  Diseases,  the  Chil- 

m's  Hospital,  the  Massachusetts  General  Hospital ;  in  Cambridge, 

the  Cambridge  Hospital  (contagious  ward)  ;  in  Newton,  to  the 
<ewton  Hospital ;  in  Lynn,  to  the  Lynn  Hospital  for  Contagious 
Diseases ;  in  Waltham,  to  the  Waltham  Hospital ;  in  Brook  line,  to 
;he  Brookline  Hospital  for  Contagious  Diseases ;  in  Pitts6eld,  to 
ihe  House  of  Mercy ;  in  West  bo  rough,  to  the  Lyman  School  for 
Boys. 

The  board  of  health  of  Worcester  and  the  House  of  Mercy  at 
Pittsfield  lent  their  efficient  co-operation  by  acting  as  distributing 
centres  for  the  smaller  neighboring  towns. 

In  order  that  the  results  of  the  use  of  the  serum  issued  by  the 
3oard  might  be  known  as  fully  as  possible,  a  blank  form  was  pre- 
rnred  and  issued  with  each  package  of  antitoxin,  of  which  the  fol- 
owing  is  a  copy  :  — 

Massachusetts  Statb  Board  of  Hbalth. 
Blank  for  Recording  Treatment  with  Diphtheria  Antitoxin. 


Tame  of  attending  physician, 

address, 

lame  of  patient, 

ddress, 

esults  of  bacteriological  examination, 

hysical  condition  of  patient  previous  to  present  illness, 

•ate  when  symptoms  first  appeared, 


Age, 


696  STATE  BOAKD  OF  HEALTH.  [Pub.  Doc. 

Condition  at  time  of  first  injection  of  antitoxin  (muhciiM  irmpiomi  Nntawi  i*fc«  mu 

Noae :  corjzu,  purulent  discharge,  false  membrane. 
Pharynx :  statu  distribution  of  false  membrane, 
Larynx:  hoarseness,  cough,  dyspnoea,  stenosis. 
Cervical  glands :  changes. 

General  appearance:  degree  of  prostration,  etc.. 
Lungs:  note  character  and  extent  of  involvement, 
General.     Heart:  note  strength  of  action  and  any  abnormalities. 
Kidneys  i  give  analysis  of  urine. 
Other  complications. 
The  subsequent  history  is  to  be  noted  on  the  chart  on  the  next  page. 


Tbe  importance  of  returning  these  blank*  properly  tilled  with  (be 
items  reliitive  to  each  case  does  not  appear  to  have  been  fully  ap- 
preciated by  the  physicians  who  have  used  tbe  antitoxin  in  different 
parts  of  the  State.  Our  knowledge  of  the  effect  of  any  new  thera- 
peutic agent  must  be  the  result  of  observation,  and  it  is  very  desir- 
able that  the  observations  of  physicians  in  private  practice  should 
be  fully  recorded,  since  very  much  of  the  published  results  from 
the  use  of  antitoxin  are  derived  from  hospital  reports.  Hence  tbe 
Board  would  respectfully  urge  all  physicians  who  are  iu  the  habit 
of  obtaining  the  antitoxin  prepared  and  furnished  by  the  Board  to 
report  upon  the  same  in  as  full  a  manner  aa  possible. 

The  whole  number  of  individual  reports  received  by  tbe  BoarJ 
from  all  sources  for  the  year  ending  March  31,  1896,  waa  562.  It 
is  impossible  to  state  the  exact  number  treated  with  tbe  antitoxin 
furnished  by  the  Board  during  the  time  stated.  It  is  probably  not 
far  from  1,000. 

In  order  to  form  a  just  estimate  of  the  value  of  this  agent  from 
the  experiences  recorded,  it  will  be  necessary  to  classify  the  returns, 
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and  to  separate  those  where  a  bacterial  diagnosis  was  made  by 
culture  from  those  where  no  such  examination  was  made.  Of  the 
former  there  were  289  returns  and  of  the  latter  there  were  273. 

Cases  in  which  a  Bacterial  Examination  was  made.  —  It  is  desir- 
able to  divide  this  class  into  two  groups,  —  those  in  which  the 
diagnosis  was  positive  and  those  in  which  it  was  negative.  There 
were  262  cases  in  which  the  diagnosis  was  positive,  as  shown  by 
cultures  taken  from  the  throat,  and  of  this  number  36  died,  op 
13.7  per  cent,  of  the  whole  number  of  positive  cases. 

Sex. — The  number  of  males  was  125,  and  the  deaths  of  these 
were  18,  or  14.4  per  cent.  The  number  of  females  was  135,  and 
the  deaths  of  these  were  17,  or  12.6  per  cent.  The  sex  of  two  was 
not  stated. 

Ages.  —  By  ages  the  numbers  and  the  deaths  were  as  follows :  — 


AOB  PSBIOD8. 

Cams. 

Deaths. 

Fatality 
(Per  Cent). 

30 
71 
91 

67 

9 

16 
9 
2 
0 

30.0 
22.6 

9.9 
3.0 
0.0 

262 

36 

— 

- 

- 

13.7 

Day  of  Illness  when  Antitc 

itality,   .        .        .        1st  day,   0. 
"          ...        2d    u       9.7 
•*          ...        3d    u       8.7 
••          ...        4th  "     16.4 

win  wc 
Fati 

• 

is  first  adn 
ility,  . 

4 

ministered. 

5t 
6t 
7t 

h  day,  22.2 
h    "     20.0 
h    "    33.3 

In  many  instances  the  day  of  administration  was  not  stated.     The 

regoing  table  relates  only  to  those  cases  in  which  the  day  of  illness 

is  noted  on  which  the  antitoxin  was  used. 

Negative  Cases.  —  There  were  also  27  cases  in  which  the  bacterial 

mil  nation  gave  either  a  negative  or  a  doubtful  result  (23  negative 

1  4  doubtful),  and  the  deaths  among  these  were  5,  or  18.5  per 

it. 

The  fatality  of  positive  cases  treated  in  hospitals  was  as  follows : 

es,  85  ;  deaths,  15,  =  17.6  per  cent. ;  in  private  practice,  cases, 

» ;  deaths,  21,=  11.9  per  cent. 
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Cases  in  which  no  Bacterial  Examination  was  made. — In  the 
seooDd  series,  in  which  no  bacterial  examination  was  made,  the  total 
number  of  cases  in  which  antitoxin  was  reported  as  having  been 
employed  was  273,  and  the  number  of  deaths  recorded  was  32,  or 
11.7  per  cent. 

Sex. — The  number  of  males  treated  was  123,  and  the  deaths  of 
these  were  14,  or  11.4  per  cent.  The  number  of  females  was  143, 
and  the  deaths  of  these  were  17,  or  11.9  per  cent. 

Ages.  —  Of  children  under  2  years  of  age,  10  were  treated,  and 
the  deaths  of  these  were  5,  or  50  per  cent.  Of  children  from  2  to  5 
years  of  age  there  were  71  cases  and  10  deaths,  or  14.1  percent. 
Of  children  from  5  to  10  years  old  there  were  104,  with  13  deaths, 
or  12.5  per  cent.  Of  persons  over  10  years  of  age  there  were  75, 
with  2  deaths,  a  fatality  of  2.7  per  cent.  Of  persons  of  unknown 
age  there  were  13,  with  2  deaths. 

The  following  record  presents  a  brief  statement  of  each  of  the 
fatal  cases  which  occurred  among  those  which  had  been  determined 
by  bacterial  examination  to  be  cases  of  diphtheria  :  — 

Deaths. 

Private  Practice. 

1.  Male,  one  year  (February,  1896).  Marked  prostration,  membrane 
general  in  pharynx.  Improvement  for  ten  days,  followed  by  paralysis  of 
throat,  hoarseness,  cough  and  dyspnoea,  considerable  swelling  of  glands 
of  neck,  marked  prostration.  Ten  cubic  centimeters  of  antitoxin,  time 
not  stated. 

2.  Male,  three  years  (January,  1896).  Treatment  begun  fourth  day 
of  illness.  Face  flushed,  membrane  on  right  tonsil  and  iO  nares ;  detach- 
ing and  throat  clear  on  sixth  day ;  hoarseness,  cough  and  dyspnoea ;  glands 
of  neck  swollen  on  right  side  ;  heart  and  urine  normal.  De^th  on  seventh 
day.  Antitoxin  given  on  fourth  and  fifth  days,  15  cubic  centimeters  at 
each  time. 

8.  Male,  one  year  (November,  1895).  Treatment  begun  ourth  day 
of  illness.  Membrane  slight,  on  both  tonsils.  Slight  improv»ment  an(* 
increase  of  membrane ;  cough  and  dyspnoea ;  glands  of  neck  g*ightly  en- 
larged ;  heart  weak,  rapid  and  irregular.  Antitoxin,  10  cubic  <  en ti meters 
on  fourth  day  and  10  cubic  centimeters  on  sixth  day. 

4.  Male,  one  year,  eight  months  (December,  1895).  Moderate 
prostration,  no  membrane  visible ;  grows  worse ;  dyspnwa ;  glands  not 
enlarged ;  pulse  rapid  ;  moderate  prostration.  Intubation,  second  day; 
convulsions  on  sixth  day  and  death  same  day.  Antitoxin,  10  cubic  centi- 
meters on  second  day  and  20  cubic  centimeters  third  day. 
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5.  Female,  one  year,  four  months  (Dec.  2,  1895).  Treatment  begun 
ourth  day  of  illness.  General  condition  bad ;  membrane  on  both  tonsils ; 
mrulent  discharge.  Throat  clear  on  third  day ;  hoarseness,  cough,  dysp- 
icea  and  stenosis ;  glands  enlarged ;  pulse  weak.  Intubation  on  fifth  day ; 
leath  during  intubation.     Antitoxin,  8  cubic  centimeters  on  fourth  day. 

6.  Male,  twenty-four  years  (Oot.  16,  1895).  Treatment  begun  third 
lay  of  illness.  Great  cyanosis  and  prostration ;  membrane  on  both  tonsils 
rod  right  portion  of  pharynx ;  hoarseness,  cough  and  dyspnoea ;  pulse 
teak,  100-140,  temperature,  100-102;  considerable  prostration.  Anti- 
oxin,  third  day,  morning,  12  cubic  centimeters;  afternoon,  8  oubio  oenti- 
neters.     Death,  fifth  day. 

7.  Male,  five  years,  six  months  (Oct.  7, 1895).  Membrane  over  tonsils 
ind  arches ;  glands  enlarged ;  pulse  irregular  and  intermittent ;  paralysis 
>f  heart ;  death.  Eruption  on  whole  body,  like  soarlet  fever.  Antitoxin, 
15  cubic  centimeters  (day  not  stated),  5  oubic  centimeters  on  following 
lay. 

8.  Female,  four  years  (Sept.  21,  1895).  Treatment  begun  second  day 
)f  illness.  Prostration  marked  ;  membrane  on  both  tonsils  and  half  arches ; 
{lands  much  enlarged  ;  pulse  very  weak  ;  urine  albuminous ;  delirium  and 
leath.  Antitoxin  on  second  day,  15  cubio  centimeters.  Extravasated 
tlood  spots  on  body  after  injection. 

9.  Female,  eight  years  (Sept.  27,  1895).  Toxaemia  from  outset; 
lembrane  on  tonsils,  uvula  and  posterior  pharynx;  profuse  nasal  dis- 
harge;  marked  swelling  of  glands;  pulse  rapid  and  weak.  Death  on 
mrth  day.    Antitoxin,  30  oubio  centimeters. 

10.  Male,  nine  months  (Sept.  7,  1895).  Treatment  begun  fourth  day 
'  illness.  Temperature,  103-104;  pulse,  160-175.  Extreme  septic  ap- 
?arance ;  prostration ;  no  membrane ;  coryza ;  increasing  nasal  discharge ; 
Tspnoea ;  glands  very  much  enlarged  on  both  sides.  Antitoxin,,10  cubic 
ntimeters  on  fourth  day. 

11.  Male,  nine  months  (June  25,  1895).     Treatment  begun  fifth  day 
illness.      Temperature,   101.5-102.1;    pulse,   140-170;    marked   pros- 

tion ;   hoarseness,  cough  and   dyspnoea ;    glands  swollen  and  tender ; 
irt  weak  and  rapid.     Antitoxin,  12  cubic  centimeters  on  fifth  day. 

12.  Male,  nine  years  (Sept.  4,  1895).    Treatment  begun  second  day 

illness.     Temperature,  99-101;   pulse,  100-120.     Slight  prostration; 

mbrane  on  tonsils,  uvula  and  posterior  wall  of  pharynx ;  not  separat- 

;    hoarseness  and  dyspnoea ;    glands  enlarged ;    heart  normal ;  urine 
mal.    Antitoxin,  10  cubic  centimeters  on  second  day. 
3.     Male,  three  years.     Treatment  begun  April  7,  1895,  sixth  day  of 

ess.      Temperature,  99.4-100.5 ;   pulse,  104-135 ;   drowsy ;   no  mem- 

ie ;  coryza  on  sixth  day,  less  on  seventh  day ;  glands  enlarged ;  bron- 

•pnenmonia.     Antitoxin,   20  cubic  centimeters  sixth  day,   20  cubic 
bimeters  seventh  day. 
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14.  Female,  two  years  (May  20,  1895).  Treatment  begun  fourth  day 
of  illness.  Temperature,  102-104;  pulse,  160;  moderate  prostration; 
drowsy ;  membrane  covering  tonsils  and  uvula,  separating  on  fifth  day ; 
glands  enlarged  and  indurated ;  urine  scanty  and  albuminous.  Antitoxin, 
15  cubic  centimeters  fourth  day,  10  cubio  centimeters  fifth  day  and  5  cubic 
centimeters  sixth  day. 

15.  Female,  three  years  (treatment  begun  May  25,  1895,  seventh  day  of 
illness).  Temperature,  101  ;  pulse,  112-116;  marked  prostration;  mem- 
brane generally  over  tonsils  and  pharynx ;  glands  not  swollen  ;  pulse  weak, 
but  regular;  urine  very  albuminous;  specific  gravity,  1032.  Antitoxin, 
15  cubic  centimeters  on  seventh  day. 

16.  Male,  three  and  one-half  years  (treatment  begun  May  25,  1805, 
fourth  day  of  illness).  Temperature,  99-100  ;  pulse,  132-152  ;  slight  pros- 
tration, increasing  on  fifth  day ;  membrane  over  tonsils,  palate  and  uvula, 
separating  on  fifth  day ;  hoarseness  and  slight  dyspnoea ;  glands  on  right 
side  enlarged  ;  pulse  rapid  ;  prostration  and  dyspnoea  increasing  till  death. 
Antitoxin,  15  cubic  centimeters  on  fourth  day,  a.m.,  10  cubic  centimeters 
p.m.  and  10  cubic  centimeters  on  fifth  day,  a.m. 

17.  Male,  seven  years  (treatment  begun  April  25, 1895,  fifth  day  of  ill- 
ness) .  Considerable  prostration  ;  hoarseness ;  cough ;  dyspnoea ;  stenosis ; 
urine  albuminous  ;  intubation  ;  complicated  with  scarlet  fever  and  measles. 
Died  at  9.15  p.m.,  fifth  day.     Antitoxin,  20  cubio  centimeters  on  fifth  day. 

18.  Female,  three  years  (treatment  begun  May  1,  1895).  Slight  pros- 
tration ;  membrane  on  tonsils,  disappearing  May  18  ;  glands  enlarged  ;  com- 
plicated with  scarlet  fever.  Died  May  18.  Antitoxin  20  cubic  centimeters 
May  1,  20  cubic  centimeters  May  18. 


Cambridge  Hospital. 

19.  Female,  one  year,  six  months  (admitted  Aug.  14,  1895,  fifth  day 
of  illness).  Temperature,  101.6;  pulse,  136,  on  fifth  day.  Considerable 
toxaemia ;  membrane  over  both  tonsils,  separating ;  hoarseness  ;  glands 
enlarged  and  hard ;  heat  normal ;  general  paralysis  and  death  September 
18.  Antitoxin,  12  cubic  centimeters  on  fifth  day  and  12  cubic  centimeters 
on  sixth  day.  Negative  culture  on  August  31,  followed  by  rash  all  over 
body,  gradually  disappearing. 


Boston  City  Hospital. 

20.  Sex  not  stated,  four  years  (admitted  June  1,  1895).  Treatment 
begun  third  day  of  illness.  General  condition  weak ;  membrane  on  both 
tonsils,  separating  on  fifth  day  ;  glands  swollen  ;  heart  weak ;  child  vomits 
everything.  Antitoxin,  10  cubic  centimeters  on  third  day,  10  cubic  centi- 
meters on  fourth  day. 
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21.  Female,  three  and  one-half  years  (admitted  May  1,  1895).  Treat- 
ment begun  fourth  day  of  illness.  Temperature,  99  ;  pulse,  134 ;  slight  pros- 
tration ;  membrane  on  both  tonsils  and  in  pharynx  ;  throat  nearly  clear  on 
seventh  day ;  tonsils  slightly  enlarged  ;  heart  rapid ;  urine  albuminous ; 
bronchitis.  Antitoxin,  15  cubic  centimeters  on  fourth  day.  Removed 
from  another  hospital  without  consent  of  physician. 

22.  Female,  four  years  (admitted  June  11,  1895).  Treatment  late. 
Temperature,  103;  pulse,  120;  general  condition  bad;  membrane  on  uvula 
and  tonsils,  separating ;  dyspnoea ;  glands  not  swollen  ;  heart  weak.  Anti- 
toxin, 20  cubic  centimeters  (1-50,000).  Injection  delayed  on  account  of 
objections  of  family.  Death  from  suffocation  four  and  one-half  hours 
after  injection. 

23.  Female,  nine  years  (admitted  July  12,  1895).  Treatment  begun 
second  day  of  illness.  Temperature,  101.2-103  ;  pulse,  60-150 ;  general  con- 
dition good  \  some  prostration ;  membrane  on  left  tonsil  and  soft  palate ; 
glands  of  neck  swollen ;  pulse  regular,  rapid ;  urine  normal ;  thin,  glairy 
lischarge  from  mouth.  Antitoxin,  12  cubic  centimeters  on  second  day, 
12  cubic  centimeters  on  second  day,  13  cubic  centimeters  on  third  day. 

24.  Female,  two  years  (admitted  May  3,  1895,  fifth  day  of  illness). 
Temperature,  102.3  ;  pulse,  126 ;  membrane  thick  on  both  tonsils  ;  hoarse- 
ess  and  dyspnoea  ;  glands  slightly  swollen ;  circulation  poor ;  p rostra- 
ion;  complicated  with  sepsis.    Antitoxin,  20  cubic  centimeters  on  fifth 

25.  Male,  six  years  (admitted  May  9,  1895).  Temperature,  98-101 ; 
like,  100-132;  great  prostration;  membrane  thick  on  tonsils,  uvula, 
tiarynx  and  soft  palate,  separating  third  day  after  admission  to  hospital ; 
^arseness  and  dyspnoea ;  glands  enlarged ;  pulse  weak.  Antitoxin,  20 
ibic  centimeters  May  9,  a.m.,  20  cubic  centimeters  May  9,  p.m.,  20  cubic 

ntimeters  May  11. 

26.  Female,  one  year,  six  months  (admitted  April  26,  1895).    Tem- 
rature,  99.4r-104;  pulse,  110-160;  considerable  prostration;  membrane 

tonsils  and  uvula ;  purulent  discharge  from  nose ;  separating  April  29  ; 
inds  swollen  ;  broncho-pneumonia,  complicated  with  sepsis.  Antitoxin, 
.5  cubic  centimeters  April  26,  12.5  cubic  centimeters  April  27. 

27.  Female,  one  year,  six  months  (admitted  April  29,  1895).  Tem- 
•ature,  98.4-102;  pulse,  120-160;  slight  prostration;  membrane  on 
tsils  ;  no  change ;  glands  swollen  ;  urine  albuminous ;  sepsis  May  4  ; 
reme  prostration  May  3.     Antitoxin,  20  cubic  centimeters  April  29. 

!8.     Female,  six  years  (admitted  May  15,  1895).     Temperature,  98- 

.8;   pulse,  68-140;  extreme  prostration;    thick   membrane  over  both 

jsils,  uvula  and  soft  palate ;  purulent  discharge  from  nose ;  epistaxis ; 

j  improvement ;  hoarseness,  cough  and  dyspnoea ;  glands  slightly  swollen ; 

raise  weak ;  heart  failure  May  22 ;  complicated  with  scarlet  fever.     Anti- 

oxin,  Gibier's,  May  15,  25  cubic  centimeters;   S.  B.  H.,  May  16,  25 
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cubic  centimeters;  S.  B.  H.,  May  17,  25  cubic  centimeters;  S.  B.  H., 
May  18,  25  cubic  centimeters. 

29.  Male,  three  years  (admitted  May  15,  1895,  second  day  of  illness). 
No  prostration  ;  membrane  in  small  patches  on  tonsils ;  separating ;  throat 
clear  on  second  day ;  stenosis ;  glands  not  swollen ;  heart  and  urine  nor- 
mal; scarlet  fever;  pneumonia  in  left  chest  on  fourth  day.  Antitoxin, 
20  cubic  centimeters  second  day,  third  day  and  fourth  day. 

30.  Male,  three  years  (admitted  May  26,  1895,  second  day  of  illness). 
Prostration ;  patches  on  tonsils ;  hoarseness,  cough,  dyspnoea  and  croup ; 
glands  slightly  enlarged ;  heart  weak ;  tracheotomy ;  pneumonia.  Anti- 
toxin, 20  cubic  centimeters  on  second  day,  fourth  day  and  fifth  day. 

31.  Male,  five  years  (admitted  May  29,  1895).  Extreme  prostration; 
membrane  thick  on  tonsils  and  uvula ;  no  change ;  dyspnoea ;  glands 
slightly  swollen;  pulse  very  weak  and  irregular;  heart  failure;  sepsis. 
Antitoxin,* 20  cubic  centimeters,  May  29  and  May  30. 

32.  Female,  five  years  (admitted  May  24,  1895).  Considerable  pros- 
tration ;  membrane  one-third  over  tonsils  and  uvula ;  separating  May  31 ; 
glands  not  swollen ;  sepsis  June  9 ;  great  prostration ;  great  pain ;  de- 
lirium.    Antitoxin,  20  cubic  centimeters,  May  24,  25,  27  and  30. 

33.  Male,  four  and  one-half  years  (admitted  April  16,  1895,  third  day 
of  illness).  Temperature,  98  4-102 ;  pulse,  112-160;  considerable  pros- 
tration ;  membrane  on  tonsils  and  uvula,  diminishing  on  fifth  day ;  glaods 
enlarged ;  broncho-pneumonia.  Antitoxin,  20  cubic  centimeters  on  third 
day,  20  cubic  centimeters  on  fourth  day  and  20  cubic  centimeters  on  fifth 
day. 

34.  Male,  four  years  (admitted  April  13,  1895,  sixth  day  of  illness). 
Temperature,  100  ;  pulse,  120  ;  condition  very  septic;  membrane  on  tonsils 
and  uvula ;  urine  albuminous.  Antitoxin,  20  cubic  centimeters  on  sixth 
day. 

35.  Female,  two  years  (admitted  April  22,  1895).  Temperature,  98- 
100.4;  pulse,  100-152;  condition  extremely  septic ;  membrane  on  tonsils 
and  uvula ;  epistaxis  on  April  24 ;  glands  enlarged ;  urine  slightly  albu- 
minous ;  extreme  prostration  April  25.  Antitoxin,  20  cubic  centimeters, 
April  22. 

Newton  Hospital. 

36.  Female,  twenty-two  years  (admitted  March  24,  1895,  fourth  day  of 
illness).  Temperature,  99.8-103.8  ;  pulse,  100-108  ;  marked  prostration  ; 
membrane  over  tonsils,  uvula  and  post-pharyngeal  wall,  separating  on  fifth 
day  ;  throat  clear  on  ninth  day  ;  hoarseness  and  dyspnoea ;  glands  swollen ; 
pulse  irregular.  Antitoxin,  10  cubic  centimeters  on  fourth  day,  23  cubic 
centimeters  fifth  day,  15  cubic  centimeters  sixth  day,  a.m.,  23  cubic  centi- 
meters p.m.,  23  cubic  centimeters  seventh  day. 


>.  34.]    PRODUCTION  AND  USE  OF  ANTITOXIN.        703 

An  exact  statement  cannot  be  mude  as  to  the  strength  of  the 
rum  used  in  each  of  the  foregoing  cases,  but  it  may  be  said  in  gen- 
al  terras  that  those  treated  before  Jan.  1,  1896,  were  treated  with 
e  weaker  serum,  1  to  50,000,  and  the  remainder  with  the  stronger 
rum,  1  to  75,000  or  1  to  100,000. 

The  value  of  antitoxin  as  a  therapeutic  agent  cannot  be  deter- 
ined  by  figures  alone.  The  varied  circumstances  and  conflicting 
nditions  which  surround  and  influence  any  case  of  diphtheria  are 

great  that  we  are  compelled  to  seek  other  sources  of  information 
an  those  which  are  purely  statistical  in  their  character. 
The  clinical  experience  of  the  multitude  of  observers,  who,  in  hos- 
tal  and  in  private  practice,  during  the  past  two  years  have  testified 

its  value,  must  be  weighed  and  considered  in  connection  with  the 
atistical  facts  presented. 

Dr.  Mason  makes  the  following  statement  relative  to  the  use  of 
ititoxin  at  the  Boston  City  Hospital  in  1895  :  — 

If  we  compare  this  death-rate  from  diphtheria  of  1 1  per  cent,  since  the 
traduction  of  antitoxin  with  that  of  a  death-rate  in  the  hospital  of  40  per 
nt.  before  the  introduction  of  antitoxin,  there  can  be  but  one  opinion  re- 
ading the  efficacy  of  the  remedy. 

The  change  in  the  appearance  of  diphtheria  wards  since  the  introduction 
the  use  of  antitoxin  has  been  very  marked.     In  making  a  visit  one  can- 
>t  help  being  struck  with  the  bright  and  cheerful  appearance  of  the  chil- 
en.* 

One  of  the  most  noted  German  authorities  (Baginsky)  says  :  — 

Naked  figures  are  so  little  the  expression  of  the  endless  variations  of 
nical  observation,  of  all  those  fortunate  and  unfortunate  accidental  cir- 
mstances  which  pertain  to  the  constitution  and  nutrition  of  the  patient, 
id  of  the  complications  and  difficulties  which  may  bring  danger  in  a  mild 
tack,  or  lead  to  a  successful  issue  an  apparently  severe  attack,  that  to 
e  clinical  observer  such  figures  appear  of  little  value,  in  comparison  with 
e  treasure-house  of  his  accumulated  experience. 

One  of  the  most  convincing  proofs  of  the  value  of  antitoxin  is 
entioned  by  the  same  writer,  in  what  he  terms  an  involuntary 
tperiment,  "  where,  in  consequence  of  an  interruption  of  the  use 

•  antitoxin  at  a  well-known  hospital,  in  consequence  of  the  failure 

*  the  supply,  for  a  period  of  a  few  weeks  the  mortality  among  the 
iphtheria  patients  immediately  rose  again  to  its  former  height." 

*  Boston  Medical  and  Surgical  Journal,  Feb.  13, 1896,  p.  178. 


»» 
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The  following  extracts  are  from  the  returns  made  to  the  Board  by 
physicians  using  the  serum :  — 

"  This  case  was  one  that,  before  the  days  of  culture  tests,  would  have 
been  called  an  undoubted  case  of  true  diphtheria,  and  I  did  not  feci  justi- 
fied in  waiting  for  the  result  of  the  culture  to  be  reported  to  me  before 
making  use  of  the  antitoxin." 

"  Child  got  on  without  any  set-back  whatever.  I  have  never  had  a  case 
do  so  well  before  using  antitoxin." 

44  No  local  treatment.  Internally,  some  tincture  of  iron,  brandy  and 
nourishing  diet.  Within  twelve  hours  after  injection  of  antitoxin  child 
began  to  improve  both  in  general  and  local  symptoms.1 

44  Improvement  in  twenty-four  hours  was  remarkable.' 

44 1  have  no  doubt  that  antitoxin  treatment  has  done  much  to  help  save 
these  cases."     (By  physician  of  forty  years'  experience.) 

44  These  cases,  it  seems  to  me,  furnish  undoubted  proof  of  the  efficacy  of 
antitoxin.  .  .  .  The  beneficial  effects  were  almost  immediate.  No  exten- 
sion of  the  membrane  occurred.  It  was  being  expelled  on  the  second  day, 
and  on  the  fourth  day  the  throat  was  clear.  Improvement  in  the  general 
condition  was  also  rapid.  The  result  is  all  I  think  could  be  expected  or 
desired." 

44  This  case  was  a  highly  satisfactory  one  in  the  marked  improvement 
immediately  following  antitoxin." 

44  The  case  was  a  very  severe  one,  and  would  probably  have  proved  fatal 
had  not  the  disease  been  arrested  promptly  by  the  U9e  of  antitoxin.  Four 
adults  concerned  more  or  less  in  the  care  of  the  child  were  immunized  each 
with  5  cubic  centimeters  antitoxin.  All  escaped  the  disease."  (Physi- 
cian of  thirty  years'  experience.) 

44  In  this  case  the  disease  seemed  to  have  been  arrested  by  the  anti- 
toxin." 

"This  is  my  first  experience  in  the  use  of  antitoxin.  The  result  is  ex- 
ceedingly gratifying  to  me  and  to  the  parents.  The  change  in  the  appear- 
ance of  the  fauces  was  very  apparent  six  hours  afterward.  After  the 
second  injection  the  membrane  cleared  off  as  I  have  never  seen  it  before, 
and  the  patient's  symptoms  disappeared  with  a  rapidity  to  which  I  am  en- 
tirely unaccustomed.     I  ascribe  this  remarkable  change  to  the  use  of  the 


serum." 


44 1  consider  that  the  use  of  antitoxin  in  this  case  was  not  only  beneficial 
but  absolutely  the  only  curative  agent." 

44 1  have  been  in  the  habit  of  seeing  such  cases  die.  I  think  the  favor- 
able result  may  honestly  be  attributed  to  the  use  of  antitoxin." 

44  Sixteen  others,  of  all  ages,  living  in  the  same  house,  were  immunized; 
none  of  them  had  diphtheria." 
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44  Child  recovered.  This  was  one  of  those  cases  that  usually  proves 
ital  in  about  twenty-four  hours  under  the  old  treatment." 

44  Action  of  antitoxin  marvellous." 

44  My  cases  have  fortunately  done  well,  and  it  seems  to  me  to  be  due  to 
ie  prompt  use  of  the  antitoxin."     (A  physician  of  thirty  years'  practice.) 

44  In  this  family  there  occurred  seven  cases  of  diphtheria.  I  am  satisfied 
lat  without  antitoxin  I  should  have  lost  four  of  them." 

44  This  patient  began  to  improve  after  using  antitoxin." 

44  Since  last  December  I  have  treated  thirty-two  cases  of  true  diphtheria  ; 
ie  first  eight  without  antitoxin,  of  which  four  died ;  and  the  remaining 
renty-four  with  antitoxin,  with  only  one  death.  At  least  half  of  the  last 
iries  of  cases  were  as  severe  as  the  first  eight." 

41 A  physician  of  more  years  in  experience  than  myself,  who  saw  the 
itient  the  day  of  the  injection,  considered  that  the  case  was  hopeless 
ithout  the  antitoxin." 

44  Antitoxin  saved  this  child's  life." 

44  Rapid  improvement  from  time  of  injection." 

The  following  conclusions  and  recommendations  are  selected  from 
ie  work  of  Baginsky,  already  quoted,  in  consequence  of  their  prac- 
cal  value :  — 

8.  The  antitoxin  has  proved,  from  the  first,  an  efficient  and  the  best 
Bans  for  the  prevention  of  diphtheria. 

4.  The  technique  of  injection  corresponds  with  that  of  ordinary  subcu- 
leous  injections,  and  in  like  manner  presupposes  the  strict  employment 
aseptic  methods. 

).     (a)     The  serum  acts  most  successfully  the  sooner  it  is  applied  after 

first  appearance  of  illness.     A  combination  of  its  use  with  the  ordinary 

ptic  local  treatment  of  diphtheria  is  entirely  rational,  and  is  recom- 

ided  for  practical  use.     By  this  combined  method  we  have  succeeded  in 

inishing  the  fatality  to  one-third  of  its  former  rate. 

b)     The  dose  depends  on  the  early  or  late  period  of  its  employment,  the 

irity  of  illness  and  the  age  of  the  patient.     It  varies  from  600  to  4,000 

toxin  units.     An  advantage  is  gained  by  using  the  whole  dose  at  the 

et.     Nevertheless,  in  stubborn  cases  an  increased  dose  may  be  given. 

The  effect  of  the  remedy  is  manifest  in  the  limitation  and  arrest  of 
ocal  processes ;  also  in  the  rapid  dissolution  and  removal  of  the  dis- 
1  product  and  in  the  general  improvement,  which  generally  shows  itself 
e  lessening  of  febrile  reaction. 

The  remedy  appears  most  efficient  in  non-septic  cases  of  diphtheria ; 
theless,  cases  in  which  mixed  infectious  and  septic  diphtheria  are  co- 
snt  are  favorably  affected  by  its  use.  A  larger  dose  is  necessary  in 
cases. 
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8.  The  use  of  the  antitoxin  is  followed  by  no  serious  results  or  illness. 
The  eruptions  which  often  follow  its  use,  although  attended  with  swollen 
glands  or  affections  of  the  joiuts,  are  wholly  wiihout  danger.  Kidney  or 
heart  symptoms  do  not  result  from  its  use. 

The  following  list  presents  the  names  of  the  cities  and  towns  from 
which  detailed  reports  were  received  relative  to  tbe  use  of  anti- 
toxin, with  the  number  from  each  town  and  the  number  of  phy- 
sicians reporting  in  each  :  — 

List  of  Cities  and  Towns  from  which  Reports  have  bun  received  Relative  to  the  C* 
of  Antitoxin  in  the  Treatment  of  Diphtheria*  with  the  Number  of  Reports  from 
Each  and  the  Number  of  Physicians  reporting  in  E'u-h. 
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Titiet  and  Towns  from  which  Beports  hive  been  received  Relative  to  the  Utt 
of  Antitoxin,  etc.  — Concluded. 


ioon  as  the  discovery  of  the  new  remedy,  diphtheria  anti- 
vae  made  known  to  the  world,  and  the  methods  of  its  prepara- 
sre  also  made  public,  several  establishments  both  in  Europe 

America  undertook  its  manufacture,  and  different  brands  of 
in   were   offered   for   sale.      In    order,   therefore,    that    the 

of  the  different  preparations  of  so  important  a  remedy  might 
rmincd  for  the  benefit  of  local  boards  of  health,  hospitals  and 
ans  in  active  practice  throughout  the  State,  the  State  Board 
Itb,  acting  under  the  provisions  of  the  food  and  drug  act  of 
lirected  an  examination  of  the  preparations  in  the  market  to 
le,  and  published  the  result  in  a  circular,  of  which  the  follow- 
i copy :  — 

Statu  Horns,  BoBTO.f,  April  6,  1896. 

r  authority  of  the  statutes  relating  to  food  and  drug  inspection,  the 

card  of  Health  has  examined  such  samples  of  antitoxin  as  are 

Tor  sale  in  Massachusetts,  with  the  following  results  ;  — 

a   No.   2,   Beliring.     Bottle   containing   10  cubic  centimeters  of 

it  an  advertised  strength  of  1,000  units.    The  test  showed  that  the 

'as  up  to  the  standard. 

i  of  Parke,  Davis  &  Co.     Bottle  guaranteed  to  contain  10  cubic 

ters,  of  a  total  strength  of  1 ,000  units.     The  test  showed  that  the 

■as  up  to  the  standard. 
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Scram  No.  2  of  Mulford  &  Co.  The  label  states  that  the  bottle  con- 
tains 10  cubic  centimeters,  of  a  total  strength  of  1,000  units.  The  tart 
confirmed  the  statement,  and  showed  the  serum  to  be  up  to  the  guaran- 
teed strength. 

Serum  of  the  Pasteur  Institute  of  Paris,  France  (Roux).  The  circular 
states  that  the  serum  is  at  least  1  to  50,000  in  strength.  As  this  is  con- 
sidered equivalent  to  Behring's  serum  No.  1,  the  test  was  carried  out  with 
this  strength  in  view.  It  was,  however,  found  to  be  weaker  than  this.  A 
second  test  showed  that  the  10  cubio  centimeters  of  serum  contained  a 
total  of  500  antitoxic  units,  instead  of  600  units. 

Gibier's  Diphtheria  Antitoxin,  New  York.  The  label  states  that  the 
bottle  contains  25  cubic  centimeters,  of  a  total  strength  of  2,500  units. 
The  test  showed  that  the  serum  was  far  below  this  in  strength.  In  s 
second  test  it  was  determined  that  the  bottle  contained  from  625  to  750 
units,  instead  of  2,500,  as  advertised.  The  strength  of  this  serum  is  thus 
a  trifle  below  one-half  of  that  of  Behring's  serum  No.  1.* 

The  State  Board  of  Health. 

Copies  of  the  foregoing  circular  were  distributed  generally  among 
physicians  and  boards  of  health  throughout  the  State. 

*  Ten  cubic  centimeters  of  Behring's  serum  No.  1  contain  600  anits. 
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MISTICAL  SUMMARIES  OF  DISEASE  AND  MORTALITY. 


the  last  report  of  the  Board,  the  statistical  material  collected 
le  Board  was  published  together  under  the  head  of  "  Statistical 
maries  of  Disease  and  Mortality."  These  summaries  comprise 
tatistics  obtained  from  the  authorities  of  cities  and  towns,  and 
>artly  voluntary  and  partly  the  result  of  legal  requirements, 
ley  are  as  follows  :  — 

The  Weekly  Mortality  Returns. — These  consist  of  the  reports 
»aths,  which  are  made  up  weekly  and  are  sent  to  the  office  of  the 
»  Board  by  the  registration  officials  of  cities  and  towns.  They 
roluntary,  and  serve  principally  to  show  the  seasonal  prevalence 
ch  of  the  chief  infectious  diseases,  and  the  mortality  of  children 
r  five  years  old  in  weekly  periods.  This  series  of  statistics  has 
continued  by  the  Board  for  at  least  twenty  years,  and  has  been 
ished  as  a  summary  for  thirteen  years. 

The  Reports  of  Certain  Infectious  Diseases,  —  Diphtheria 
Croup ,  Scarlet  Fever,  Typhoid  Fever  and  Measles.  — These  are 
ined  from  the  annual  reports  of  local  boards  of  health  for  the  year 
►,  which  are  forwarded  to  the  State  Board  from  cities  and  towns, 
omparing  the  numbers  of  reported  cases  with  the  reported  deaths, 
Bean  fatality  of  each  disease  in  the  places  from  which  the  reports 
nade  is  obtained  with  a  reasonable  degree  of  accuracy. 

Reports  of  Cities  and  Towns,  made  under  the  Provisions  of 
pter  302  of  the  Acts  of  1893.  —  By  this  act  each  local  board 
ealth  is  required  to  report  to  the  State  Board  every  case  of 
sease  dangerous  to  the  public  health  "  which  is  reported  to  the 
I  board.  A  digest  of  these  reports  is  presented  in  the  following 
imary  (No.  III.). 

Reports  made  under  the  provisions  of  Chapter  218  of  the 

\  of  1894.  —  The  full  reports  of  deaths  occurring  in  each  city 

town  having  over  5,000  inhabitants  comprise  another  series  of 

rns,  which  are  summarized  in  No.  IV.     These  reports  are  made 

er  the  requirements  of  the  following  statute  :  — 

[Acts  of  1894,  Chapter  218,  Section  3.] 
i  each  city  and  town  having  a  population  of  more  than  five  thousand 
bitants,  as  determined  by  the  last  census,  at  least  one  member  of  said 
•d  shall  be  a  physician,  and  the  board  shall  send  an  annual  report  of 
deaths  in  such  town  to  the  State  Board  of  Health.  The  form  of  such 
rts  shall  be  prescribed  and  furnished  by  the  State  Board  of  Health. 
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I. 

SUMMARY   OF    THE   WEEKLY  MORTALITY   RETURNS    FROM 

CITIES  AND  TOWNS. 

The  following  summary  comprises  the  returns  of  deaths  which  are 
reported  to  the  State  Board  of  Health  at  the  close  of  each  week  by 
such  registration  officials  of  cities  and  towns  as  comply  with  the 
request  of  the  State  Board  of  Health  for  this  information.  The 
data  thus  collected  are  entirely  obtained  from  voluntary  sources, 
and  the  results  are  compiled  at  the  office  of  the  board  each  week 
for  publication  in  a  bulletin  which  is  distributed  to  the  registering 
officers  of  the  cities  and  towns.  The  facility  of  distributing  this 
bulletin  has  been  recently  increased  in  consequence  of  a  change 
in  the  postal  laws,  which  admits  the  bulletin  to  the  mails  at  a 
diminished  rate  of  postage.  It  is  also  a  useful  medium  for  the 
publication  of  such  information  as  it  may  become  desirable  to  issue 
at  more  frequent  intervals  than  is  possible  in  the  annual  reports  of 
the  Board.  The  value  of  the  weekly  mortality  returns  consists  very 
largely  in  the  fact  that  they  constitute  a  continuous  history  of  the 
prevalence  of  the  principal  infectious  diseases  throughout  the  State, 
so  far  as  can  be  learned  from  the  mortality  which  they  cause. 

In  connection  with  the  results  of  the  information  obtained  as  a 
consequence  of  the  enactment  of  chapter  302  of  the  Acts  of  1&*3, 
these  weekly  mortality  reports  furnish  to  the  Board  an  important 
index  of  the  health  of  the  people,  as  influenced  by  the  prevalence 
of  epidemic  diseases  at  different  seasons  of  the  year. 

The  estimated  mean  population  contributing  to  these  returns 
during  the  year  1895  was  about  1,495,000,  or  about  three-fifths  of 
the  total  population. 
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le  data  embraced  in  this  summary  are  the  following :  — 

Average  height  of  barometer  for  each  week. 

Mean  maximum  temperature. 

Mean  minimum  temperature. 

Rainfall  expressed  in  inches. 

Humidity. 

Total  deaths  reported  for  each  week. 

Deaths  of  children  under  five  years. 

Deaths  from  infectious  diseases. 

Deaths  from  consumption. 

Deaths  from  acute  lung  diseases. 

Deaths  from  typhoid  fever. 

Deaths  from  diarrhoeal  diseases. 

Deaths  from  scarlet  fever. 

Deaths  from  measles. 

Deaths  from  diphtheria  and  cronp. 

Deaths  from  puerperal  fever. 

Deaths  from  whooping-cough. 

Deaths  from  malarial  fever. 

Deaths  from  small-pox. 

Deaths  from  erysipelas. 

e  following  table  presents  a  summary  of  the  statistic*  compiled 
the  weekly  mortality  returns :  — 
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Total  Deaths. 

The  whole  number  of  deaths  reported  for  the  year  1895  from  the 
cities  and  towns  contributing  to  these  reports  was  28,978,  and  the 
average  number  per  week  was  557.  The  greatest  number  of  death 
reported  io  a  single  week  was  800,  in  the  week  ending  March  2, 
and  the  least  number  was  3ti8,  in  the  week  ending  June  29.  The 
weekly  average  number  of  deaths  reported  for  each  month  was:— 


January, 629 

February, 658 

March, 665 

April, 571 

May, 538 

June, 438 


July,  .... 

.       .      5tt 

August, 

.      617 

September, 

.      «7 

October, 

.        .      6ti 

November, 

5U 

December, . 

.      & 

The  months  in  which  the  greatest  mortality  per  week  was  reported 
were  February,  March  and  August,  and  those  in  which  there  was  the 
least  reported  mortality  were  June,  July  and  November. 

The  percentages  of  mortality  in  each  of  the  four  quarters  of  the 
year  were  as  follows  :  — 


Deaths  at  all  Ages. 

Deaths  cvdeh  Five  Team. 

Numbers. 

• 

Percentage*. 

Numbers. 

Percental* 

First  quarter, 

Second  quarter,       .... 
Third  quarter,         .... 
Fourth  quarter,       .... 

8,080 
6,629 
7,410 
6,859 

27.88 
22.88 
26.67 
23.67 

2,376 
1,937 
3,668 
2,133 

28.49 

19.15 
36.27 
21.09 

28,978 

100.00 

10,114 

100.00 

The  death  rate  of  reporting  cities  and  towns  was  19.4  per  1,000, 
the  reporting  population  being  1,495,000. 


Deaths  under  Five  Years. 

The  reported  number  of  deaths  of  children  under  five  years  of  age 
was  10,114,  and  the  average  weekly  number  was  194.  The  greatest 
number  reported  in  one  week  was  392,  in  the  week  ending  August 
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10,  and  the  least  number  was  110,  in  the  week  ending  June  29. 
The  ratio  of  the  deaths  of  this  class  to  the  total  mortality  was  34.9 
per  cent.,  which  was  slightly  less  than  that  of  the  preceding  year 
(36.1  per  cent.).  The  average  weekly  number  of  deaths  of  children 
under  five  years  of  age  by  months  was  as  follows  :  — 


January, 176 

February, 203 

March, 172 

April, 175 

May, 153 

June, 125 


July 229 

August, 332 

September,         ....  278 

October, 198 

November,         ....  148 

December, 150 


The  months  having  the  greatest  number  of  deaths  of  children 
under  five  years  of  age  were  July,  August  and  September,  and 
those  having  the  least  number  were  June,  November  and  December. 

The  relation  of  the  death  rate  of  children  under  five  years  of  age 
to  the  death  rate  at  all  ages  is  fully  illustrated  in  the  diagram  upon 
page  721  of  the  twenty-third  annual  report  (1891),  where  the  mean 
death  rate  per  week  for  a  series  of  nine  years  is  given.  The  irregu- 
larities in  the  death  rate  at  all  ages  in  different  seasons  of  the  year 
is  shown  to  be  very  largely  produced  by  the  marked  changes  in  the 
death  rate  of  children. 

Consumption. 

The  number  of  reported  deaths  from  consumption  was  3,119,  and 
the  weekly  average  was  60.  The  greatest  number  of  deaths  reported 
from  this  cause  in  a  single  week  was  88,  in  the  week  ending  Feb- 
ruary 23,  and  the  least  number  was  41,  in  the  weeks  ending  June 
29,  August  3  and  August  17. 

The  average  weekly  number  of  reported  deaths  from  this  cause  in 
each  month  was  as  follows  :  — 


January, 56 

February, 77 

March, 75 

April, 64 

May, 60 

June, 62 


July, 51 

August, 47 

September, 53 

October, 59 

November, 59 

December, 56 


The  months  having  the  greatest  number  of  deaths  from  this  cause 
¥ere  February  and  March,  and  those  having  the  least  were  July 
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and  September.  The  following  table  presents  the  variations  from 
the  weekly  average  number  of  deaths  from  this  cause  for  the  past 
five  years :  — 


1891. 

1899. 

1893. 

1894. 

1895. 

i 

1891. 

1899. 

1899. 

1894. 

1 
IStfc 

January,     . 

•H 

+13 

+8 

+10 

—4 

July,  . 

—4 

—3 

—7 

0 

1 
-1 

February,  . 

-4 

-8 

—3 

+7 

+17 

August, 

—8 

—4 

—1 

-4 

-K 

March, 

—5 

—1 

+» 

+» 

+16 

September, 

—3 

—11 

—1 

—3 

-T 

April, . 

-H 

+7 

+13 

—1 

+4 

October, 

+3 

—5 

—10 

—6 

-1 

May,    . 

+« 

0 

+1 

—7 

0 

November, . 

-4 

-4 

+2 

—7 

-1 

June,  . 

—2 

—6 

—9 

—1 

+2    | 

i 

December, . 

+6 

—1 

-6 

+I 

-4 

The  ratio  of  reported  deaths  from  consumption  to  the  mortality 
reported  from  all  causes  was  107.7  per  1,000,  while  that  of  previous 
years  was  as  follows  :  — 


1888, 
1889, 
1890, 
1891, 


134.2 
125.0 
180.0 
116.5 


1892, 
1893, 
1894, 
1895, 


111.3 
106.5 
111.8 
107.7 


The  ratio  to  the  reported  living  population  in  1895  was  2.09  per 
1,000. 

Acute  Lung  Diseases. 

The  number  of  reported  deaths  from  acute  lung  diseases  (bron- 
chitis, pneumonia,  pleurisy  and  asthma)  during  the  year  was  3,937, 
and  the  weekly  average  was  76.  The  greatest  number  of  deaths 
reported  from  this  group  of  causes  in  a  single  week  was  217,  in  the 
week  ending  March  2 ;  and  the  least  number  was  16,  in  the  week 
ending  July  13.  The  average  weekly  number  of  reported  deaths 
from  these  causes  for  each  month  was  as  follows  :  — 


January, 89 

February, 146 

March, 162 

April, 115 

May, 80 

June, 41 


July 27 

August 25 

September, 28 

October, 48 

November, 68 

December, 80 


The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  were  February  and  March,  and  those  having  the  least 
number  were  July  and  September.     The  ratio  of  reported  deaths 
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acute  lung  diseases  to  the  reported  mortality  from  all  causes 
L35.9  per  1,000.  The  estimated  death  rate  per  1,000  of  the 
ting  population  from  these  causes  was  2.63,  as  compared  with 
for  the  previous  year. 

Typhoid  Fever. 

e  total  number  of  reported  deaths  from  this  cause  was  405,  and 
eekly  average  was  8.  The  greatest  number  reported  in  any 
*  week  from  this  cause  was  23,  in  the  week  ending  September 
ind  the  least  number  was  2,  in  the  weeks  ending  January  19, 
lary  2,  16,  23  and  June  29.  The  average  weekly  number  of 
s  reported  from  this  cause  for  each  month  was  as  follows  :  — 


»ry, 


4 
2 
5 
6 
5 
5 


July,    . 

August, 

September, 

October, 

November, 

December, 


5 

12 
16 
12 
10 
11 


e  months  having  the  greatest  number  of  reported  deaths  from 
;ause  were  August,  September  and  November,  and  those  hav- 
be  least  were  January,  February  and  May.  The  ratio  of  re- 
d  deaths  from  typhoid  fever  to  the  reported  mortality  from  all 
s  was  14.0  per  1,000,  and  the  ratio  to  the  reporting  population 
27  per  1,000,  as  compared  with  .28  in  the  previous  year. 


Diphtheria  and  Croup. 

b  total  number  of  reported  deaths  from  diphtheria  and  croup 
95  was  1,289,  and  the  average  number  in  each  week  was  25. 
greatest  number  reported  in  a  single  week  from  these  combined 
s  was  50,  in  the  week  ending  November  9 ;  and  the  least  num- 
•as  6,  in  the  week  ending  July  6.  The  average  weekly  number 
sorted  deaths  from  these  causes  for  each  month  was  as  follows :  — 


82 
29 
18 
21 
17 
18 


July,    . 

August, 

September, 

October, 

November, 

December, 


12 
16 
25 
28 
41 
42 


e  months  having  the  greatest  number  of  reported  deaths  per 
from  these  causes  were  January,  November  and  December^ 
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and  those  having  the  least  number  were  May,  July  and  August 
The  ratio  of  deaths  from  diphtheria  and  croup  to  the  reported  mor- 
tality from  all  causes  was  44.48  per  1,000,  and  the  death  rate  of 
the  reporting  population  was  86  per  1,000,  that  of  the  previous  year 


being  95. 


Scarlet  Fever. 


The  reported  deaths  from  scarlet  fever  in  1895  were  312,  and  the 
average  weekly  number  was  6.  The  greatest  number  of  reported 
deaths  from  this  cause  in  a  single  week  was  13,  in  the  weeks  ending 
February  2  and  April  13,  and  the  least  number  reported  in  a  single 
week  was  1,  in  the  weeks  ending  October  5  and  November  9.  The 
average  weekly  number  reported  in  each  month  was  as  follows :  — 


January, 
February, 
March, . 
April,   . 
May,     . 
June,    . 


9 

10 
8 
8 
8 
6 


July,     . 

August, 

September, 

October, 

November, 

December, 


6 
4 
* 
S 
2 
3 


The  months  having  the  greatest  number  of  deaths  from  this  cause 
were  February  and  March,  and  those  having  the  least  number  were 
October  and  November.  The  ratio  of  deaths  from  this  cause  to  the 
reported  deaths  from  all  causes  was  10. #0  per  1,000,  and  the  death 
rate  of  the  reporting  population  from  this  cause  was  .21  per  1,000, 
that  of  the  previous  year  being  .32. 


Measles. 

The  total  number  of  reported  deaths  from  measles  in  1895  was  71. 
The  greatest  number  in  a  single  week  was  8.  There  were  twenty- 
two  weeks  in  which  no  deaths  from  measles  were  reported.     The 


average 

weekly  numr 

>er  reported  l 

n  eacn  nionm  was  as 

IOllOWTS 

,  m^mm 

January, 

•              •              • 

2 

July,     . 

• 

9 

* 

February. 

•               •               • 

1 

August, 

0 

March, . 

•               •              • 

1 

September,  . 

0 

April,    . 

•              •               • 

2 

October, 

0 

May,     . 

•               •               • 

0 

November,   . 

0 

June,    . 

•               •               • 

4 

December,    . 

1 

The  ratio  of  deaths  to  the  reporting  mortality  from  all  causes  was 
2.45  per  1,000,  and  the  death  rate  from  this  cause  was  .047  per 
1,000  of  the  reported  population,  as  compared  with  .03  in  18iJ4. 
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Diarrheal  Diseases. 

le  diseases  in  this  group  are  diarrhoea,  dysentery,  cholera 
>us  and  cholera  infantum.  From  these  causes  combined  the 
tar  of  deaths  reported  in  1895  was  2,153,  and  the  weekly  aver- 
number  was  41.  The  greatest  number  reported  in  a  single 
:  was  193,  in  the  week  ending  August  8,  and  the  least  number 
2,  in  the  week  ending  January  19.  The  average  weekly  num- 
of  reported  deaths  from  these  causes  in  each  month  was  as 


wb:  — 


ary, 


4 
7 
8 
6 
8 
13 


July,  . 
August, 
September, 
October, 
November, . 
December, . 


109 

158 

113 

47 

12 

8 


e  months  having  the  greatest  number  of  reported  deaths  from 
causes  in  1895  were  July,  August  and  September,  and  those 

ig  the  least  were  January,  February  and  April.  The  deaths 
these  causes  in  the  third  quarter  of  the  year  constituted  77.7 

sent,  of  the  number  of  deaths  from  the  same  causes  for  the 

3  year.  The  ratio  of  reported  deaths  to  the  reported  mortality 
all  causes  was  74.29  per  1,000,  and  the  death  rate  of  the 

ting  population  from  these  causes  was  1.44,  as  compared  with 

in  1894. 


oping-cough,  Malarial  Fever,  Erysipelas  and  Puerperal 

Fevers. 

e  essential  statistics  relating  to  these  four  diseases  are  embraced 
)  following  table  :  — 


Total  Deaths 
Keportcd. 

Weekly 
Averages. 

Ratio  per 

1.000 

of  Rt* ported 

Deaths  from 

All  Causes. 

Ratio  per 

1,000 

of  Keportlng 

Population. 

>ing-cough,    .... 

>ral  fever,      .... 
al  fever,         .... 

128 
66 
35 
11 

2.5 
1.3 

.7 
.2 

4.42 

2.30 
.12 
.38 

.086 
.044 
.023 
.007 
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FATALITY  {RATIO  OF  DEATHS  TO  CASES)  FROM  CERTAIN 

INFECTIOUS  DISEASES  IN  1895. 

The  statistics  presented  in  the  following  table  are  compiled  from 
the  published  reports  of  local  boards  of  health  for  the  year  1895 
which  have  been  forwarded  to  the  office  of  the  State  Board  of  Health. 
They  are  the  figures  representing  the  numbers  of  cases  reported  to 
local  boards  of  health  under  the  provisions  of  section  79  of  chapter 
80,  Public  Statutes. 

The  numbers  of  deaths  are  also  obtained  from  the  same  reports, 
and  the  comparison  of  these  two  series  of  figures  presents  a  fairly 
accurate  method  of  arriving  at  the  fatality  from  these  diseases  in  the 
places  from  which  they  are  reported.  The  figures  representing  the 
numbers  of  cases  are  probably  less  than  the  actual  numbers,  since 
some  cases  must  necessarily  escape  registration  through  neglect  to 
report  or  in  consequence  of  faulty  diagnosis. 

Cases  of  Infectious  Diseases  and  Deaths  reported  to  Local  Boards  of  Health,  1895> 


Citt  ob  Town. 


Diphtheria 
and  Croup. 


Canes. 


Deaths. 


Amesbury,    . 
And  over, 
Attlcborough, 
Ayer,     . 
Belmont, 
Blackstone,   . 
Boston,  . 
Brockton, 
Brookline,     . 
Cambridge,   . 
Canton,  . 
Chelsea, 
Chicopee, 
Clinton, 


24 
11 

6 

3 
10 
15 
4,050 
37 
97 
573 

3 

173 

12 

4 


1 

3 

664 

13 

15 

106 

31 
5 
3 


Scarlet 
Fkvkr. 


Typhoid 
Fkvkr. 


Mkaslss. 


Cases. 


i 


Deaths.  ,1  Cases 


65 

16 

12 

65 

8 

4 

1,612 

210 

24 

293 

18 

151 

65 

19 


Deaths.  \  Cases. ,  Death*. 


114 
4 
1 

17 
1 

10 
5 


9 
3 
7 

12 

1 

6 

1,026 

25 
9 
107 
3 
7 
8 
9 


225 


3 


1  3 

•  I 

163    ,  2,733 

8  5 

3  21 

12  249 


i 
3 

4  II 

I 


28 


185 


19 
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The  cities  and  towns  embraced  in  the  foregoing  table  are  84  in 
imber,  or  8  more  than  those  presented  in  the  previous  year,  and 
[  more  than  those  which  reported  for  1893.     They  comprise  at 
ast  three- fourths  of  the  population  of  the  State. 
The  list  contains  the  names  of  cities  and  towns  containing  about 
r5,000  more  inhabitants  than  those  which  were  reported  last  year, 
lile  one  important  city  of  about  50,000  population  is  omitted. 
Bearing  these  changes* in  mind,  the  reported  cases  from  diphtheria 
d  croup  were  much  in  excess  of  those  of  any  of  the  previous  years 
ibraced  in  the  report,  but  the  fatality  (18.9)  was  much  less.    Com- 
ent  upon  these  figures  will  be  found  elsewhere. 
The  reported  cases  of  scarlet  fever  were  considerably  less  than 
ose  reported  in  1894,  and  the  fatality  (5.9  per  cent.)  was  less. 
The  reported  cases  of  typhoid  fever  were  less  than  those  of  1894, 
id  the  fatality  (17.2)  was  but  slightly  greater. 
The  reported  cases  of  measles  were  two  and  one-half  times  as 
any  as  those  reported  in  1894,  and  the  fatality  (1.5)  was  less. 
The  figures  for  1895  are  as  follows :  — 

sported  cases  of  diphtheria  and  croup 7,856 

igistered  deaths  from  diphtheria  and  croup  in  the  same  cities  and  towns,    1,484 
itality  (per  cent.), 18.9 

sported  cases  of  scarlet  fever, 6,050 

tgistered  deaths  from  scarlet  fever  in  the  same  cities  and  towns,      .        .       357 
tality  (per  cent.), 5.9 

ported  cases  of  typhoid  fever, 2,665 

gistered  deaths  from  typhoid  fever  in  the  same  cities  and  towns,   .        .       458 
tality  (percent.), 17.2 

ported  cases  of  measles, 5,033 

gistered  deaths  from  measles  in  the  same  cities  and  towns,     ...        75 
ality  (per  cent), 1.5 

The  following  table  presents  the  summary  of  these  statistics  for 
.  five  years  1891-1895  :  — 

Reported  Cases  of  Infectious  Diseases  in  Massachusetts. 

Diphtheria  and  Croup. 


1801. 

ISM. 

1803. 

1804. 

1895. 

Total. 

2,444 

3,083 

2,919 

4,936 

7,866 

21,188 

676 

891 

926 

1,376 

1,484 

6,252 

ty  (per  cant.), 

23.5 

29.2 

81.7 

27.9 

18.9 

24.8 
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Reported  Cases  of  Infectious  Diseases  in  Massachusetts  —  Concluded. 

Scarlet  Fever. 


1M1. 

1M8. 

IMS. 

1*94. 

1898. 

> 

4,517 

0,112 

7,420 

7,410 

0,050 

161 

S81 

024 

604 

867 

8.8 

4.6 

8.8 

0.8 

6.0 

1 

Total. 

SU1S 

1,M7 
6.1 


Reported  eases,  . 

Deaths, 

Fatality  (per  cent.),  . 


Typhoid  Fever. 


1891. 

ISO*. 

1898. 

1894. 

1898. 

Total. 

1,802 

485 

23.0 

2,467 
402 

20.0 

2,814 
488 

17.0 

2,006 

468 

17.2 

12.212 

Fatality  (per  cent.), 

400 
10.0 

19.1 

Measles. 


Reported  cases,  . 

Deaths, 

Fatality  (per  cent.)*   • 


1M1. 

1M9. 

1898. 

1894. 

ISM. 

5,801 

783 

0,200 

2,051 

S.0S3 

84 

31 

08 

37 

T5 

1.4 

4.0 

1.0 

1.8 

1..    | 

Total. 

20,018 
125 

1.6 


Considerable  interest  has  been  manifested  recently  in  the  mortality 
of  cases  reported  as  croup,  but  the  impossibility  of  obtaining  reliable 
statistics  under  the  present  system  of  reporting  is  apparent,  since 
all  reported  cases  of  diphtheria  and  croup  are  embraced  under  one 
title  in  the  published  reports. 

In  England  reported  cases  of  croup  have  been  placed  in  a  sepa- 
rate list  since  1892,  as  shown  in  the  following  table,  which  presents 
the  fatality  of  diphtheria  and  croup  separately.  From  this  table  it 
appears  that  the  fatality  from  diphtheria  for  the  three  years  1892- 
94  was  23.3  per  cent,  of  the  reported  cases,  and  that  of  croup  was 
40.7  per  cent.  The  report  also  presents  the  following  comment  in 
support  of  the  view  that  the  fatality  for  croup  is  still  greater  than 
these  figures  would  appear  to  show  :  — 

The  figures  in  the  column  of  deaths  from  "  membranous  croup"  do 
not  include  all  the  deaths  which  occurred  from  membranous  croup,  for, 
although  that  disease  is  considered  to  be  related  to  diphtheria,  the  Registrar- 
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leral's  returns  do  not  separate  the  deaths  from  those  due  to  spasmodic 
lp,  which  is  not  a  notifiable  disease.  It  is  believed,  however,  that 
n  cases  of  membranous  croup  prove  fatal  they  are  often  registered  as 
n  diphtheria. 

England. 


[Local  Government  Board 

figures.] 

DlPRTHBBIA. 

Cboup. 

Total. 

Cases. 

Deaths. 

Cam*. 

Deaths. 

Cam*. 

Deaths. 

PerCent. 

- 

- 

- 

- 

2,958 

758 

25.6 

- 

- 

- 

- 

11,919 

2,829 

28.7 

18,077 

8,177 

1,169 

401 

15,146 

8,678 

28.6 

•         •         •         •          • 

20,712 

4,751 

1,486 

685 

22,148 

5,486 

24.5 

17,681 

4,286 

1,260 

486 

18,887 

4,722 

25.1 

roui 

62,270 

12,164 

8,861 

1,572 

71,008 

17,818 

- 

Cean  fatality,  per  cent., 

28.8 

40.7 

- 

24.4 

rhe  following  figures  present  the  fatality  from  diphtheria,  scarlet 
er  and  typhoid  fever  in  England,  as  reported  by  the  Local  Gov- 
iment  Board  of  England  for  the  years  1890-94 :  — 


iseo. 


1801. 


199*. 


1898. 


1884. 


ltherla, 
let  fever, 
lold  fever, 


25.5 

8.0 

19.9 


28.7 

6.8 

20.8 


28.6 

4.4 

17.8 


24.5 

4.2 

17.0 


25.1 

4.8 

17.5 
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III. 

The  following  summary  embraces  the  returns  of  diseases  "  danger- 
ous to  public  health  "  made  to  the  State  Board  of  Health  under  the 
provisions  of  chapter  302  of  the  Acts  of  1893.  Since  the  act  in 
question  did  not  specify  the  diseases  intended  to  be  reported  to  the 
Board  (except  small-pox),  the  Board  issued  a  circular,  in  which  it 
expressed  its  opinion  as  to  the  particular  diseases  which  should  be 
reported  under  the  provisions  of  this  act.  They  were  the  following : 
small-pox,  scarlet  fever,  measles,  typhoid  fever,  diphtheria,  mem- 
branous croup,  cholera,  yellow  fever,  typhus  fever,  cerebrospinal 
meningitis,  hydrophobia,  malignant  pustule,  leprosy  and  trichinosis. 

The  report  of  1893  embraced  the  returns  of  the  fractional  year 
only  which  immediately  followed  the  enactment  of  the  statute,  while 
those  of  1894  were  for  a  full  year. 

The  whole  number  of  cases  of  infectious  diseases  reported  in  1895 
was  21,307,  which  were  divided  as  follows  :  — 

Reported  cases  of  small-pox, 1 

Reported  cases  of  diphtheria  and  croup, 7,806 

Reported  cases  of  scarlet  fever, 6,194 

Reported  cases  of  typhoid  fever, 2,488 

Reported  cases  of  measles, 4,868 

Total, 21,307 

The  summary  for  the  years  1893,  1894  and  1895  is  as  follows:  — 


Bkfortkd  Casks  or 


8mall-pox. 


Diphtheria 
and  Croup. 


Scarlet 
Fever. 


Typhoid 
Kerer. 


Measles. 


1893,  . 

1894,  . 

1895,  . 
Totals, 


35 

1,109 

2,914 

1,525 

181 

4,178 

6,731 

2,372 

1 

7,806 

6,194 

2,438 

217 

13,093 

15,839 

6,335 

1.503 
2,133 
4.868 


8,504 
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easonal  Distribution.  —  By  months  these  diseases  were  reported 
>llows  in  1895  :  — 

9  of  Infectious  Diseases  reported  to  the  State  Board  of  Health  by  Months 

in  1895. 


DIptatherta 
and  Oroap. 

s 

► 
o 
hi 

1 

Typhoid 

Ferer. 

i 

! 

• 

a 
0 

SO 

Sa 

• 
* 

1 

2 

t 

* 

• 

s 
1 

ry,  .      .      . 

831 

787 

183 

348 

August,    . 

497 

846 

884 

107 

ary, 

660 

661 

69 

804 

September,      . 

666 

400 

416 

44 

i,     . 

617 

764 

66 

686 

October,  • 

766 

497 

466 

6f 

i       •       < 

341 

461 

66 

878 

November,       .       . 

1,380 

678 

839 

184 

889 
614 

447 
607 

99 
101 

878 
969 

December, 
ToUk,      . 

1,120 

411 

198 
2,438 

Ml 

7,806 

6,194 

4,868 

436 

860 

119 

149 

i  order  that  the  foregoing  figures  may  be  interpreted  with  greater 
lity ,  the  following  table  is  appended :  — 

Intensity  of  Prevalence, 


Diphtheria  axd 
Ckocp. 

SCABLKT 

Fkvjm. 

Ttpboid 
Fkvkk. 

Mbaslk*. 

A 

B 

A 

B 

A 

B 

•1- 

iry, 

20.4 

9.6 

26.4 

14.9 

4.8 

6.4 

11.1 

8.8 

lary, 

20.0 

9.3 

23.2 

18.6 

2.1 

3.1 

10.9 

8.1 

H,    .       . 

16.7 

7.8 

24.3 

14.8 

2.1 

8.1 

22.1 

16.6 

t 

11.4 

6.8 

16.4 

9.0 

2.2 

8.8 

29.2 

21.8 

12.6 

6.8 

14.4 

8.6 

3.2 

4.8 

28.3 

21.1 

e 

20.6 

9.6 

16.9 

9.9 

8.4 

6.1 

82.0 

23.9 

14.1 

6.6 

11.6 

6.8 

8.8 

6.7 

4.8 

8.6 

*,. 

16.0 

7.6 

11.2 

6.6 

12.4 

18.6 

8.4 

2.6 

mber, 

18.9 

8.8 

13.3 

7.8 

13.8 

20.6 

1.6 

1.1 

«r, 

24.4 

11.4 

16.0 

9.4 

16.0 

22.4 

1.8 

1.8 

mber, 

46.0 

21.6 

19.1 

11.2 

11.8 

16.9 

6.1 

4.6 

nber, 

36.1 

16.9 

13.8 

7.8 

6.2 

9.2 

9.1 

6.8 

[c*n, 

21.4 

10.0 

17.0 

10.0 

6.7 

10.0 

13.4 

10.0 

lie  figures  in  the  foregoing  table  are  introduced  for  the  purpose, 
of  comparing  the  prevalence  of  one  disease  with  another,  but 
the  purpose  of  presenting  the  reports  of  each  month  upon  a  uni- 
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form  basis  of  comparison,  month  by  month,  so  that  the  relative  in- 
tensity of  each  disease  is  shown  for  each  month.  The  method  also 
has  the  advantage  of  eliminating  the  apparent  errors  of  computation 
arising  from  the  unequal  length  of  the  months. 

The  figures  may  be  read  as  follows :  for  example,  the  mean  daily 
number  of  reported  cases  of  diphtheria  and  croup  in  January  was 
20.4;  of  scarlet  fever,  25.4;  of  typhoid  fever,  4.3;  and  of  measles, 
11.1  (see  columns  marked  A)  ;  and  the  mean  daily  number  of  the 
same  diseases  for  the  whole  year  1895  was,  respectively,  21.4—, 
17.0  — ,  6.7  and  13.4.  Assuming  a  standard  of  10  as  the  daily  mean 
of  each  disease  for  the  year,  the  ratios  for  January  were  as  follows: 
diphtheria  and  croup,  9.5;  scarlet  fever,  14.9;  typhoid  fever,  6.4; 
and  measles,  8.3.  (See  columns  marked  B.)  That  is  to  say,  for 
each  10  reported  cases  of  diphtheria  and  croup  occurring  throughout 
the  year,  as  a  daily  mean,  there  were  9.5  daily  in  January,  9.3  in 
February,  etc. 

The  following  table  presents  the  numbers  of  cases  of  each  disease 
reported  from  each  city  and  town  in  1895.  The  whole  number  of 
reporting  cities  and  towns  is  less  than  that  of  the  previous  year; 
but,  while  the  number  of  small  towns  reporting  is  less,  the  number 
of  towns  having  over  5,000  population  is  greater. 

Where  the  name  of  a  city  or  town  occurs  both  in  Section  II.  and 
in  Section  III.  of  this  summary,  the  difference  in  numbers  may  be 
taken  as  the  deficiency  in  returns  made  by  the  local  board  to  the 
State  Board  of  Health. 

Cases  of  Infectious  Diseases  reported  to  the  State  Board  of  Health  from  One  Hun- 
dred and  Fifty -Jive  Cities  and  Towns  during  1895 


• 

•c 

Q. 

Q 

u 

► 

m 

Typhoid 

Ferer. 

• 

■» 
«> 

"3 
« 

• 

« 
■c 

JZ 

a. 
Q 

TZ 

S 

GO 

!     s 

9 

a. 

I 

• 

■ 

e 

■ 

8 

* 

A  cu  sb  net, 

- 

4 

- 

- 

i  Attleborough, , 

4 

13 

8 

j    , 

Adams,     .        . 

2 

6 

- 

2 

Auburn,   . 

- 

1 

- 

- 

Agawara, . 

- 

2 

- 

- 

|  Ayer, 

3 

36 

6 

- 

Amesbury, 

23 

68 

16 

162 

Barnstable, 

8 

6 

- 

l 

Amberst, . 

- 

6 

3 

- 

Bedford,  . 

2 

10 

- 

2 

Arlington, 

22 

18 

3 

- 

Belchertown,  . 

1 

2 

- 

S 

Ashburnham,  . 

1 

- 

- 

- 

Beverlt, 

00 

40 

17 

4 

Ashland,  . 

2 

1 

- 

1 

Billerica,  . 

- 

3 

- 

» 

Athol, 

1 

1 

- 

- 

Bolton,     . 

5 

- 

2 

1 
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Cases  of  Infectious  Diseases,  etc.  —  Continued. 

4 

s 

s 

• 
la 

• 

** 
•» 

t» 

3 

00 

Typhoid 

Ferer. 

i 

i 

4 

Q. 

5 

• 

> 

c 
o 

CO 

Typhoid 

Fever. 

& 

"3 

4» 

s 

ft,     •            •            • 

4,150 

1,699 

994 

2,657 

i  Hampden,        . 

i 

- 

1 

- 

- 

>rd, 

4 

8 

7 

19 

j  Hanson,    . 

- 

4 

- 

- 

reo,        • 

1 

- 

- 

- 

1  Hardwlck, 

22 

1 

- 

- 

water,   . 

- 

6 

- 

- 

!  Harvard,  .       • 

t 

1 

15 

2 

- 

eld, 

1 

10 

16 

19 

j  Haverhill,    . 

28 

99 

89 

219 

TOH, 

82 

153 

9 

2 

1 
Hingham, 

1 

9 

- 

- 

line, 

84 

32 

mm 

-1 

Hinsdale, . 

- 

3 

1 

9 

tIDQE,     . 

623 

289 

116 

249 

Holliaton, 

4 

25 

- 

25 

i,     . 

8 

1 

- 

_ 

Hudson,   . 

1 

- 

- 

- 

o,    •       •        « 

- 

1 

- 

- 

.Hull, 

2 

- 

- 

- 

'»     •       •       • 

9 

- 

- 

- 

i 

i  Ipswich,  • 

14 

42 

7 

77 

•ford,     . 

- 

17 

2 

-1 

1  Kingston, 

- 

7 

- 

1 

EA, 

160 

128 

6 

23 

j  Lancaster, 

- 

- 

4 

46 

1,      .          . 

1 

8 

- 

- 

!  Lawrence,     . 

88 

109 

62 

151 

*d,  . 

8 

18 

8 

1 

Leicester,         . 

9 

4 

- 

- 

y,  .       .       . 

- 

6 

1 

179 

Lenox, 

7 

1 

4 

- 

re,  •       • 

2 

88 

8 

61 

Leominster, 

- 

12 

2 

2 

m,  .       •       . 

48 

54 

1 

11 

i  Ley  don,    . 

4 

- 

- 

- 

'D,  •        •        • 

11 

o 

mm 

- 

- 

I 

|  Lexington, 

1 

4 

- 

8 

•       •       • 

- 

8 

- 

- 

|  Lincoln,   . 

6 

4 

- 

1 

U    • 

1 

7 

- 

- 

1  Lunenburg, 

2 

8 

- 

- 

ry,       .      . 

1 

2 

- 

- 

i 

1  Ltxn  , 

222 

882 

104 

158 

rldgewater,  . 

- 

18 

- 

- 

Malden,  . 

49 

40 

29 

26 

mpton,  . 

- 

23 

2 

82 

Marlborough, 

6 

2 

- 

109 

»ngtneadow, . 

- 

13 

- 

- 

Manchester,     .       . 

i 

2 

6 

1 

- 

,     •       ■ 

1 

6 

- 

- 

i 

i  Marshfleld, 

l 

1 

3 

- 

- 

TT, 

44 

49 

28 

45 

;  Maynard, 

I 

- 

1 

- 

- 

ven, 

- 

6 

- 

- 

1  Medford, 

40 

76 

26 

18 

&IVER,    . 

64 

166 

84 

- 

j 

1  Melrose,  . 

8 

9 

6 

8 

1UBG,      . 

27 

44 

85 

16 

!  Middleborough, 

9 

37 

4 

- 

rough,    . 

48 

21 

1 

- 

j  Milford,    . 

21 

22 

3 

- 

In, . 

86 

- 

4 

70 

!  Millbury, . 

4 

11 

2 

2 

ItTER,  . 

156 

155 

25 

- 

Milton,      . 

18 

6 

13 

7 

B,    •          •          • 

- 

16 

1 

2 

1  Montague, 

1 

8 

2 

8 

- 

lie, 

1 

1 

- 

- 

'  Nantucket, 

2 

- 

- 

- 

BDd, 

1 

4 

- 

- 

i 

New  Bedford, 

i 

i 

189 

94 

78 

18 
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Cases  of  Infectious  Diseases,  etc.  —  Concluded. 
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* 
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Newburyport, 

9 

69 

27 

- 

Somerset, 

- 

2 

- 

Newton,  . 

131 

91 

18 

259 

80XEBYILXJE,  , 

228 

230 

38 

North  Adams, 

24 

12 

88 

2 

Southampton, . 

1 

1 

- 

Northampton, 

6 

27 

48 

10 

Springfield, 

47 

111 

41 

53 

North  Andover, 

- 

19 

- 

8 

Sterling,  . 

- 

- 

1 

No.  Attleborough,  . 

7 

18 

- 

- 

8tow, 

1 

- 

1 

Northborough, 

8 

- 

- 

- 

Sutton,     . 

- 

3 

- 

Northbrldge,   . 

1 

25 

- 

- 

Swampaeott, 

7 

0 

1 

North  Brook  field,    . 

• 

2 

2 

- 

Taunton, 

186 

87 

8 

Norton,     . 

- 

6 

- 

- 

Templeton, 

- 

1 

- 

Orange,    . 

1 

1 

16 

8 

Tolland,  . 

- 

- 

1 

Oxford,    . 

- 

8 

1 

20 

Upton, 

- 

- 

1 

Palmer,    . 

6 

68 

7 

- 

Waltham, 

177 

68 

25 

Paxton,     . 

- 

1 

- 

- 

^r  are, 

T 

9 

1 

Peabody, . 

10 

186 

34 

- 

Warren,   . 

1 

14 

3 

Pepperell, 

1 

8 

1 

1 

Watertown,     . 

22 

7 

4 

PlTTSFIELD, 

2 

8 

1 

4 

Webster,  . 

5 

4 

10 

Plymouth, 

9 

51 

20 

3 

Wenham, 

1 

«    — 

- 

Princeton, 

15 

1 

- 

8 

West  Boylston 

2 

35 

1 

Quinct,   . 

109 

59 

21 

30 

Westfield, 

50 

45 

13 

Randolph, 

7 

13 

- 

1 

Westford, 

1 

18 

- 

Raynhara, 

6 

- 

- 

- 

Westminster,  . 

v 

- 

8 

1 

Reading,  . 

7 

4 

34 

3 

Weston,   . 

6 

- 

m 
1 

Revere,     . 

26 

20 

2 

- 

Weymouth,     , 

13 

42 

2 

Rockland, 

- 

42 

•» 

- 

Whitman, 

1 

40 

- 

Rock  port, 

5 

2 

33 

- 

Willlamstown, 

4 

6 

9 

Rowley,    . 

1 

25 

6 

2 

Wlnohendon,  . 

14 

2 

4 

Salem, 

45 

267 

34 

- 

Winchester,     . 

- 

2 

1 

Bandisfield, 

• 

- 

9 

- 

Winthrop, 

17 

3 

2 

Bcituate,  . 

2 

2 

- 

- 

Woburn, 

79 

113 

4 

8angu«,     . 

14 

18 

6 

1 

Worcester,  . 

250 

146 

123 

23 

Sharon,     . 

4 

1 

7 

- 

2 

Wrentham, 
Totals, 

4 

1 

- 

- 

Sherborn, 

7,806 

6,194 

v» 

4,HS 

One  case  of  small-pox  In  Andover. 


The  following  list  comprises  the  cities  and  towns  which  failed  to 
report  (under  the  provisions  of  the  statute)  to  the  State  Board  of 


*o.  34.] 


STATISTICAL  SUMMARIES. 


733 


lealth.  It  is  bat  just  to  state  that  in  many  of  the  towns  named  in 
froup  IV.  and  in  some  of  those  in  group  III.  it  is  quite  probable 
hat  no  cases  of  infectious  disease  occurred. 

List  or  Towns  from  which  no  Reports  were  received. 

J.    Cities. 
Chicopee,  Holyoke. 

//.    Towns  having  a  Population  of  More  than  5,000  in  Each. 


Andover, 
Black  stone, 
Gardner, 
Greenfield, 
Hyde  Park, 

II.    Towns  having  a 

Abington, 

Acton, 

Ashfield, 

Avon, 

Bar  re, 

Bellinghani, 

Belmont, 

Brook  field, 

Buckland, 

Charlemont, 

Charlton, 

Chatham, 

Cheshire, 

Chester, 

Clarksburg, 

Cohasset, 

Col  rain, 

Coltage  City, 

Dalton, 

Dartmouth, 

Deerfield, 

Dennis, 

Douglas, 

Dracut, 

Easthampton, 

Easton, 

Edgartown, 

Essex, 

Falmouth, 

Freetown, 

Georgetown, 

Gill, 

Great  Barrington, 


Marblehead, 

Methuen, 

Southbridge, 

Spencer, 

Stoneham, 


Population  of  Over  1,000 

Groton, 

Hadley, 

Hamilton, 

Hanover, 

Harwich, 

Hatfield, 

Hoi  brook, 

Holden, 

Hopedale, 

Hopkinton, 

Hubbardston, 

Huntington, 

Lee, 

Lexington, 

Littleton, 

Ludlow, 

Mansfield, 

Mattapoisett, 

Medfield, 

Med  way, 

Merrimac, 

Millis, 

M  on  son, 

Need  ham, 

Newbury, 

New  Marlborough, 

Northfield, 

Norwell, 

Norwood, 

Orleans, 

Pembroke, 

Provincetown, 

Rehoboth, 


Stoughton, 
Wakefield, 
Westborough, 
West  Springfield. 


—  14. 


but  Less  than  5,000  in  Each. 

Rochester, 

Salisbury, 

Sandwich, 

Seekonk, 

Sheffield, 

Shelburne, 

Shirley, 

Shrewsbury, 

Southborough, 

South  Hadley, 

Stockbridge, 

Sturbridge, 

Sudbury, 

Swansea, 

Tewksbury, 

Tisbury, 

Topsfield, 

Townsend, 

Uxbridge, 

Walpole, 

Wareham, 

Wayland, 

Wellesley, 

West  Bridge  water, 

West  Brookfield, 

West  Newbury, 

Westport, 

West  Stockbridge, 

Wilbraham, 

Williamsburg, 

Wilmington, 

Yarmouth.  —  98. 
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List  ok  Towns  from  which  no  Reports  were  received  —  Concluded. 


IV.    Towns 

having  Less  than  1,000  Inhabitants. 

Alford, 

Hancock, 

Petersham, 

Ash  by, 

Hawley, 

Phtllipston, 

Becket, 

Heath, 

Plainfield, 

Berkley, 

Holland, 

Plympton, 

Berlin, 

Lakeville, 

Prcscott, 

Bernardston, 

Lanes  borough, 

Richmond, 

Bland  ford. 

Leverett, 

Rowe, 

Boxborough, 

Longmeadow, 

Royalston, 

Boxford, 

Lynn  field, 

Russell, 

Boylston, 

Marion, 

Rutland, 

Brewster, 

Mash  pee, 

Savoy, 

Burlington, 

Mendon, 

Shutesbury, 

Chesterfield, 

Middlefield, 

South  wick. 

Chilraark, 

Middleton, 

Sunderland, 

Cumniington, 

Munroe, 

Truro, 

Dana, 

Monterey, 

Tyngsborough, 

Dover, 

Montgomery, 

Tyringham, 

Dunstable, 

Mount  Washington, 

Wales, 

Eastham, 

Nahant, 

Warwick, 

Egremont, 

New  Ash  ford, 

Washington, 

Enfield, 

New  Braintree, 

Wellfleet, 

Florida, 

New  Salem, 

Wendell, 

Gay  Head, 

Norfolk, 

Westhampton, 

Gosnold, 

North  Reading, 

West  Tisbury, 

Goshen, 

Oakham, 

Whately, 

Gran  by, 

Otis, 

Windsor, 

Greenwich, 

Pelham, 

Worthington.  — 83. 

Halifax, 

Peru, 

The  Board  will  forward  to  the  local  board  of  health  of  any  place 
the  postal  cards  necessary  for  reporting  on  application  from  such 
local  board  of  health. 
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IV. 

The  following  summary  comprises  the  results  obtained  from  the 
abulation  of  the  returns  required  by  chapter  218  of  the  Acts  of 
894,  whereby  the  board  of  health  of  each  city  and  populous  town 
3  directed  to  send  to  the  State  Board  of  Health  an  annual  state- 
Qent  of  the  deaths  in  such  city  or  town  upon  a  blank  form  fur- 
tished  by  the  State  Board. 

The  whole  number  of  cities  and  towns  included  in  this  list  is 

ighty-five,  of  which   number  eighty  complied   with  the   statute. 

'he  total  population  of  these  cities  and  towns  by  the  census  of  1895 

as  1,971,817.     The  number  of  deaths  registered  in  these  cities  and 

jwns  was  37,828,  and  the  death  rate  was  19.18  per  1,000. 

Sexes.  —  The  number  of  deaths  of  males  was  19,109,  or  50.5  per 
ent.  of  the  whole  number  of  deaths ;  and  the  deaths  of  females  were 
8,702,  or  49.5  per  cent. 

Ages.  — The  deaths  of  infants  under  one  were  8,634,  or  22.8  per 
ent.  of  the  total  mortality;  those  of  children  under  five  years  of 
ge  were  12,425,  or  32.8  per  cent,  of  the  whole. 

In  conformity  with  the  age  distribution  recommended  by  Korosi, 
he  deaths  of  those  whose  ages  were  known  were  as  follows :  — 


Ages. 

Percentages. 

Ages. 

Percentages. 

22.9 
17.9 

25.7 
83.5 

*  Months  and  Quarters.  — The  number  of  deaths  in  each  quarter  of 
he  year  is  shown  in  the  following  table :  — 


Deaths. 

Percentages. 

Deaths. 

Percentages. 

Int  quarter,   .       . 
toood  quarter, 

10,181 

8,500 

10,359 

26.9 
22.7 
27.4 

Fourth  quarter, 
Date  unknown, 
Total, 

8,712 
10 

23.0 

bird  quarter, . 

37,828 

100.0 
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The  intensity  of  the  seasonal  death  rate  is  shown  in  the  following 
table,  the  method  employed  being  explained  on  page  730,  in  Section 
III.,  relating  to  disease  notification. 

Seasonal  Intensity  of  the  Death  Rate. 


Mean  Daily 

1  tenth* 
per  Month. 

Mean  Rate 
compared 

with  a 
Standard 

of  100. 

Mean  Dally 

Deaths 
per  Month. 

Mean  toft 
compani 

wnbt 
Standard 

of  U». 

January,  . 
February, . 
March, 
April, 
May, . 

99.7 
125.1 
115.7 
105.5 
98.1 
88.8 
101.7 

96.2 

120.8 

111.7 

101.8 

89.9 

80.9 

98.2 

August,    .... 
September, 

October,  .... 
November, 

December,       ... 
Annual  mean,  . 

126.4 

109.6 

95.0 

94.8 

94.4 

122.0 

1054 

91.7 

91.5 

91.1 

June, 
July, . 

103.6 

100.0 

Causes  of  Death.  —  The  list  of  causes  of  death  embraced  in  this 
summary  includes  those  from  the  principal  infectious  diseases,  in- 
cluding consumption,  together  with  certain  other  groups  of  destructive 
diseases  and  those  from  violence. 

The  ratio  of  deaths  to  the  living  population  is  also  presented, 
since  this  method  of  presentation,  especially  in  a  census  year,  con- 
stitutes a  better  method  of  indicating  the  incidence  of  each  cause  of 
death  upon  the  living  population  than  the  ratio  of  the  deaths  from 
each  disease  or  cause  of  death  to  the  total  mortality. 

Table  I. 


Reporting  Cities  and  Towns. 


Population, 
If495. 

(State  Census.) 


Adam*,     . 

Ameebury, 

Andover,  . 

Arlington, 

Athol, 

Attleborough, 

Beveulv, 

Blackrttone, 

Boston,   . 

Bralutree, 

Brockton, 

Brookllne, 

Cambridge, 

Chelsea, 


7,837 

9,986 

6,145 

6,516 

7,364 

8,288 

11,806 

6,039 

496,920 

5,311 

33,165 

16,164 

81,643 

81,264 


Reporting  Cities  and  Towns. 


Population, 
1*05. 

(State  Census.) 


Chicopkb,      . 

Clinton, 

Concord,         . 

Danvert,         . 

Dan  vers  Lunatic  Hospital,  . 

Deilhara,         . 

Everett,       . 

Fall  River, 

Kitchburq,  .        .       .       . 

Framingham, 

Franklin 

Gardner,  . 

Gloucester, 
Greenfield,     . 


16,420 

11,497 

6,175 

8,181 

7,211 

18,573 

89,203 

26,400 

9,512 

5,136 

9,152 

28,211 

6,229 
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Table  I  —  Concluded. 


posting  Cities  axd  Town. 


Population, 
1S95. 

(8tate  Cemas.) 


BHILL,     . 

>n,    . 
Park,      . 

RNCB,      . 

inster,     . 

LL,  . 

»        •  •  • 

EN,  . 

•head,     . 

BOROUGH, 
ORD, 

•e,   . 

en, . 

thorough, 

*,    .       .       . 

try,         .       . 

i,     . 

t,     .       .    -  . 

Bedford,     . 

URYPORT, 

on,  . 

b  Adams, 

BAMPTON, 

Atilcboroagh, 
bridge,    . 
e,    . 
r,    . 
dy, .       .       . 


80,200 

5,808 

11,820 

62,184 

0,211 

84,867 

82^54 

29,708 

7.871 

14,077 

14,474 

11,085 

6,600 

6,680 

8,050 

6,222 

6,618 

8,961 

66,251 

14,662 

27,690 

19,136 

16,746 

6,576 

5,286 

5,861 

6,868 

10,607 


Rkpobtmo  Cities  axd  Towns. 


Population, 
IMS. 

(State  Census.) 


PlTTSFIBLD,  . 

Plymouth,      .       . 

QUIXCT,. 

Revere,  •       •  •  • 

Rockland, 

Rock  port,       •  .  • 

Salem 

bomebyillb, .  .  . 
Boulhbridge, . 

Spencer,         .  .  • 

SPRINGFIELD,         • 

6  tone  bam,      .       . 
Stougbton,     .       •       • 
Tauhton,      •       .       • 
Wakefield,     . 
Walthaji,     . 
Ware,     .... 
Watertown,   .       . 
Webster, 
Westfleld,      . 
Weymouth,   .       .       . 
Whitman, 
Winchester,  . 
Wobdrn,       .       .       . 
Worcester,. 

Total.      . 


20,461 
7,967 

20,712 
7,428 
6,628 
6,280 

84,478 

62,200 
8,260 
7,614 

61,622 
6,284 
6,272 

27,116 
8,804 

20,876 
7,651 
7,788 
7,700 

10,668 

11,291 
5,744 
6,160 

14,178 

98,767 


1,971,817 


Graf  ton,  Uolyoke,  Montague,  Westborough  and  West  Springfield,  no  returns. 
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Table  V. 


CAUSES  OF  DlATH. 

Deaths. 

Mortality 
per  10,000 

of  the 
Population, 

1895. 

Causes  of  Death. 

Deaths. 

!    Mortality 
per  10.000 

of  U* 

PopolAdoa, 

ISM. 

Consumption, 

4,178 

21.20 

Dysentery 

157 

• 

0.80 

Measles 

Scarlet  fever, 

88 
410 

0.40 
2.10 

Diarrhoea  and  cholera  mor- 
bus. 
Pneumonia, 

411 
3,453 

2.0S 
17.10 

Diphtheria  and  croup, 

1,553 

7.80 

Bronchitis 

1,214 

6.1S 

Whooping-cough, 

205 

1.04 

Diseases  of  the  heart. 

8,044 

15.40 

Typhoid  fever,    . 
Qerebro-splna)  meningitis, 

525 
857 

2.60 
1.80 

Diseases  of  the  brain  and 

spinal  cord. 
Diseases  of  the  kidneys,    . 

2,624 
1,872 

13.80 
6.M 

Erysipelas,  .... 

108 

0.55 

Cancer 

881 

4.47 

Puerperal  fever,  . 

81 

0.41 

Suicide 

210 

1.0S 

Influenza,     .... 

841 

1.70 

Accident,     .... 

1,146 

5.90 

Malarial  fever,     . 

52 

0.26 

Unknown     or    ill  defined 

460 

2.33 

Cholera  Infantum, 

2,108 

10.70 

causes. 
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The  following  digest  contains  such  extracts  from  the  annual  reports 
?f  the  local  boards  of  health  of  cities  and  towns  as  pertain  to  matters 
)f  sanitary  importance  in  the  different  municipalities  from  whose  re- 
ports they  are  quoted. 

The  most  notable  point  observed  in  these  reports  is  the  unanimity 
rith  which  local  boards  have  entered  upon  the  work  of  controlling 
die  spread  and  limiting  the  mortality  from  diphtheria  by  the  intro- 
duction of  the  use  of  antitoxin.  In  nearly  all  the  cities  and  large 
towns  and  in  many  of  the  smaller  towns  the  use  of  this  agent  has 
become  quite  general,  and  the  success  attained  by  such  use  appears 
to  have  been  uniformly  good.  It  is  to  be  hoped  that,  along  with  the 
gain  derived  from  this  additional  aid  to  the  sanitary  authority,  the 
usual  and  quite  important  measures  of  isolation,  notification,  disin- 
fection and  general  municipal  cleanliness  will  not  be  slackened  in  the 
least  degree. 

Attention  is  especially  called  to  the  statement  in  the  extract  from 
the  report  of  the  Concord  board  of  health  relative  to  the  authority 
or  jurisdiction  of  a  local  board  of  health  over  a  public  institution 
existing  within  the  limits  of  the  area  over  which  the  local  board 
rf  health  acts.  There  are  at  present  many  such  institutions  and 
establishments  located  in  the  different  cities  and  towns,  and  their 
lumber  is  annually  increasing.  A  full  statement  of  the  question  in- 
olved  has  been  published  by  the  authorities  of  the  State  Reforma- 
ory  at  Concord. 

Health  of  Towns. 

Amesbury. 

The  election  of  the  board  of  health  was  illegal.  The  duties  of  the  board 
verted  to  the  selectmen,  and  they  availed  themselves  of  a  statutory  provi- 
on  and  appointed  an  agent. 

The  vault  and  cesspool  method  of  caring  for  the  sewage  has  been  in 
neral  use  so  long  that  some  sections  of  the  town  are  saturated  with  filth, 
that  in  some  instances  vault  fluids  have  leaked  through  into  adjacent 
liars. 
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A  few  cases  of  tuberculosis  have  been  discovered  in  oar  town,  and  the 
animals  quarantined  and  slaughtered  by  order  of  the  State  officers.  Every 
dairyman  should  have  his  herd  tested,  for  it  will  be  only  a  few  years  when 
consumers  of  milk  will  demand  a  certified  article.  , 

Diphtheria  has  been  unusually  severe,  there  having  been  24  cases,  9  of 
which  were  fatal.  Up  to  October  18  there  have  been  8  cases,  with  4  deaths ; 
since  the  above  date  there  have  been  16  cases,  with  3  deaths.  In  12  of 
these  16  cases  antitoxin  was  used,  with  only  2  deaths;  in  4  of  these  16 
cases  antitoxin  was  not  used,  and  one  died.  In  one  of  the  fatal  cases 
where  antitoxin  was  used  the  case  had  advanced  two  weeks  before  the  use 
of  the  drug,  and  the  other  case  was  advanced  from  Tuesday  to  Friday.  It 
is  necessary  to  use  antitoxin  early  in  the  development  of  the  disease,  to 
get  the  best  results.  A  supply  of  antitoxin  is  constantly  kept  on  hand  by 
this  board,  and  in  cases  of  poor  families  is  furnished  free  of  charge. 


Andover. 

During  the  year  twenty-six  cases  of  nuisance  have  been  investigated  by 
the  board.  Advice  in  regard  to  the  location  of  six  cesspools  has  been 
given.  Two  examinations  and  certificates  for  plumbers  have  been  received, 
and  one  permit  granted  to  keep  a  boarding-house  for  infants. 

The  various  slaughter  houses  and  rendering  establishments  have  been 
under  the  supervision  of  your  Board,  and  have  been  visited  frequently. 


Arlington. 

Our  town  the  past  year  has  been  remarkably  free  from  the  prevalence  of 
epidemics  of  contagious  or  other  diseases. 

The  board  has  given  prompt  attention  to  all  calls  for  its  services  to 
abate  nuisances  and  remedy  sanitary  defects. 

In  most  cases  parties  interested  have  readily  responded  to  requirements 
of  the  board,  with  results  satisfactory  to  all  concerned. 

Attleborough. 

The  present  board  early  in  the  year  published  a  notice  inviting  all 
citizens  who  knew  of  any  nuisance  or  any  condition  which  they  deemed  a 
nuisance  or  a  menace  to  the  public  health  to  notify  the  board  in  writing- 
Owing,  doubtless,  to  this  fact,  it  is  safe  to  say  that  there  have  been  more 
cases  of  this  nature  reported  during  the  past  year  than  in  any  preceding 
year  in  the  history  of  the  town.  The  board  has  made  a  special  effort  to 
remedy  an  evil  which  we  believe  has,  in  the  past,  been  the  cause  of  much 
infectious  illness  in  our  town. 
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Of  the  animals  killed  daring  the  past  year  in  town  for  beef  purposes, 
twelve  have  been  found  to  be  afflicted  with  tuberculosis.  Some  of  these 
animals,  apparently  healthy,  have  been  used  as  milk  producers.  We  wish 
It  were  possible  (p  require  every  milk  producer  to  have  his  herd  examined 
before  he  is  allowed  to  dispose  of  a  single  quart  of  milk. 


Ayer. 

Four  cases  of  typhoid  fever  were  contracted  out  of  town,  three  occurred 
a  families  using  water  from  old  wells,  five  were  of  unknown  origin. 


Belmont. 

The  town  has  been  remarkably  free  from  contagious  diseases  during  the 
1st  year.  Only  one  death  occurred  during  the  year  from  contagious  dis- 
use, that  being  from  diphtheria. 

The  completion  of  the  main  line  of  the  metropolitan  sewer  in  the  summer 

1895  was  a  matter  looked  upon  by  the  board  of  health  as  one  of  great 

importance  toward  promoting  the  good  sanitary  condition  of  the  town.    This 

completion  necessitated  the  adoption  of  plumbing  regulations,  which  were 

accordingly  drawn  up  by  the  board,  accepted  by  the  town  and  incorporated 

as  a  part  of  its  by-laws. 

Billerica. 

We  have  from  time  to  time  inspected  wells,  cesspools  and  vaults  and 
nade  analyses  of  drinking  water,  both  in  the  Centre  and  North  villages, 
ind  have  advised  such  cleansing  and  changes  of  construction  as  seemed  to 
>e  demanded  in  the  interest  of  health.  We  cannot  too  earnestly  call  atten- 
ion  to  the  importance  of  keeping  the  drinking  water  free  from  all  pollution, 
y  drainage,  from  cesspools  or  vaults. 


Blackstone. 

During  the  year  the  board  attended  to  all  complaints  made  to  them,  and 
most  cases  with  good  results ;  but  in  a  few  cases  the  persons  to  whom 
structions  to  abate  nuisances  were  given  did  not  promptly  attend  to  them, 
ther  from  neglect  or  for  the  purpose  of  making  themselves  thoroughly 
lagreeable.  All  cases  have  been  properly  examined,  however,  and  such 
ggeBtions  made  as  are  likely  to  obviate  future  cause  of  complaint. 
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Boston. 

The  total  number  of  deaths  for  the  year  was  11,329,  a  decrease  from  the 
previous  year  of  191  deaths.  The  population,  as  estimated  at  the  end  of 
the  year,  is  501,083.  The  death  rate  for  the  year,  as  calculated  on  this 
population,  is  22.60  per  1,000  inhabitants.  This  rate  is  less  by  .38  than 
that  of  the  previous  year,  and  the  lowest  since  1889. 

There  were  229  less  deaths  from  diphtheria  than  in  1894,  although  the 
number  of  cases  of  diphtheria  reported  was  largely  increased  on  account  of 
the  larger  number  discovered  among  the  pupils  in  the  public  schools  by  the 
medical  inspectors  of  schools,  and  the  bacteriological  tests  in  the  otherwise 
unrecognized  cases.  The  ratio  of  deaths  to  the  number  of  cases  of  diph- 
theria reported  has  been  reduced  by  more  than  one-half. 

Very  complete  tables  are  published,  showing  the  mortality  from  infections 
diseases  in  Boston  in  1895,  by  months,  sex,  nativity,  color  and  ages. 

Bacteriology. 

The  bacteriological  work  in  culture  diagnosis  of  diphtheria,  begun  by  the 
board  of  health  in  October,  1894,  has  been  continued  at  the  Harvard  Med- 
ical School  Laboratory  under  the  charge  of  Prof.  Harold  C.  Ernst. 

Medical  Inspection  of  Schools  and  Supervision  of  Contagious  Disease*. 

The  inspection  of  schools,  which  was  commenced  in  November,  1894, 
and  described  fully  in  our  last  annual  report,  has  been  followed  through 
the  year  with  excellent  results.  The  schools  have  been  visited  daily,  and 
all  children  who  have  complained  of  illness  or  appeared  to  the  teachers  to 
be  ill  have  been  examined  by  the  visiting  physician,  who,  in  all  cases,  ad- 
vises the  teachers  what  to  do  with  the  pupil.  This  work  has  now  been  in 
progress  for  fourteen  months,  and  it  has  demonstrated  the  fact  that  there 
are  not  only  many  cases  of  contagious  diseases  to  be  found  in  the  schools, 
and  which  require  early  recognition  and  removal,  but  that  there  are  large 
numbers  of  school  children  whose  illness  and  whose  disposition  by  the 
teacher  require  the  decision  of  a  competent  physician. 

For  the  fourteen  months  ending  Dec.  31,  1895,  16,790  pupils  were  ex- 
amined, 10,737  of  whom  were  found  to  be  ill ;  6,053  were  found  not  to  be 
ill,  and  2,041  of  these  were  too  ill  to  remain  in  school  for  the  day. 

Seventy-seven  cases  of  diphtheria,  28  cases  of  scarlet  fever,  116  of 
measles,  28  of  chicken-pox,  69  of  pediculosis,  47  of  scabies,  47  of  mumps, 
33  of  whooping-cough  and  8  of  congenital  syphilis  were  found  in  children 
sitting  in  their  seats  spreading  these  diseases  to  other  children.  The  re- 
maining 10,372  sick  children  were  suffering  from  a  large  variety  of  other 
diseases. 
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Commendable  efforts  were  made  by  the  board  in  the  direction  of  a  gen- 
eral improvement  of  the  sanitary  condition  of  the  school-houses  of  Boston, 
[n  view  of  the  fact  that  contagious  diseases  may  easily  be  spread  in  the 
ichools  through  the  medium  of  infected  books,  pencils,  sponges,  slates, 
leskB  and  other  surfaces  of  the  school-room,  handled  or  used  by  the  chil- 
Iren,  the  following  recommendation  was  made  to  the  school  committee  in 
894 :  — 

*o  the  Honorable  School  Committee,  City  of  Boston. 

Gentlemen  :  —  The  board  of  health  begs  respectfully  to  recommend  that  the 
ssks,  chairs,  window-sills,  wainscotings,  doors,  door-knobs  and  such  other  sur- 
ces  as  are  likely  to  be  handled  by  the  children  within  the  school  buildings  be 
refully  rubbed  with  cloths  or  sponges,  wet  with  a  solution  of  corrosive  subli- 
ate  (one  part  of  corrosive  sublimate  to  one  thousand  parts  of  water),  as  often  as 
ery  Saturday  during  the  school  year ;  that  the  floors  of  the  school-houses  be  well 
rered  with  sawdust  thoroughly  wet  with  the  same  disinfecting  solution,  at  least 
ce  a  week,  and  the  sawdust  swept  up  and  burned ;  that  the  use  of  all  slates, 
Ate-pencils  and  sponges  for  slate  use  be  discontinued,  and  that  paper  and  lead- 

/encils  be  substituted. 
The  disinfection  of  books  is  scarcely  practicable  except  by  Are,  and  the  board 

would  recommend,  whenever  it  is  known  that  a  book  has  been  handled  by  a  pupil 

who  was,  at  the  time,  affected  with  a  contagious  disease,  or  the  book  is  otherwise 

much  soiled,  it  be  immediately  burned. 

Very  respectfully, 

The  Board  of  Health, 

By  S.  H.  Dukgin,  Chairman. 

The  following  action  was  subsequently  taken  by  the  school  committee :  — 

Report  of  Committee  on  Hygiene  and  Physical  Training. 

The  committee  on  hygiene  and  physical  training,  to  whom  was  referred  — 
ctober  27  —  an  order  "that  the  committee  on  hygiene  and  physical  training 
insider  and  report  what  action,  if  any,  can  be  taken  by  this  board  to  disinfect,  or 
nder  aseptic,  the  school-books  used  in  the  schools,11  report  that  careful  consider- 
lon  was  given  to  the  order,  but  no  practical  method  could  be  found. 
Up  to  this  time  nothing  but  fire  is  considered  a  sure  disinfectant,  therefore  the 
oks  could  be  rendered  aseptic  only  by  destruction  at  stated  intervals.  As  this 
mmittee  do  not  feel  at  liberty  to  recommend  this  action,  they  have  no  sugges- 

n  to  offer  concerning  the  disinfection  of  books ;  however,  that  it  will  be  entirely 

icticable  to  discontinue  the  use  of  slates  and  slate-pencils,  and  the  necessary 

tompaniment,  sponges.    There  are  three  good  reasons  why  the  use  of  slates 

I  slate-pencils  should  be  discontinued :  — 

Hrst%  a  light  gray  mark  upon  a  slightly  darker  gray  surface  is  more  or  less 

Istinct,  and  trying  to  the  eyesight. 

'econdy  the  resistance  of  the  hard  pencil  upon  the  hard  slate  is  tiring  to  the 
icles,  and  the  resistance,  to  which  the  muscles  are  trained  by  the  use  of  slates 
slate-pencils,  must  be  overcome  when  beginning  to  write  with  pencil  or  pen 
q  paper. 
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Third,  and  last,  but  not  least,  the  use  of  slates,  slate-pencils  and  sponges  is  a 
very  uncleanly  custom,  and  leads  to  and  establishes  very  uncleanly  habits. 

The  committee  also  deprecate  the  custom  of  the  daily  distribution  and  regatb- 
ering  of  lead-pencils,  for  the  reasons  which  must  be  apparent  to  all  after  a 
moment's  consideration.  The  pencil  not  infrequently  finds  a  resting-place 
between  the  teeth  and  lips,  and  it  is  hardly  to  be  supposed  that  the  same  penal 
will  be  given  to  the  same  pupil  the  next  day. 

The  committee,  therefore,  recommend  the  passage  of  the  following  orders :  — 

Ordered,  That  the  use  of  slates  and  slate-pencils  and  sponges  be  discontinued, 
and  that  paper,  lead-pencils  and  rubber  erasers  be  supplied  in  their  places. 

Ordered,  That  lead-pencils  and  erasers  be  given  to  each  pupil  at  the  beginning 
of  the  term,  to  be  retained  by  the  pupil  for  his  sole  use  during  the  school  year. 

Jcne  25,  1898. 

Ordered,  That  the  committee  on  accounts  be  requested  to  direct  janitors  to 
cover  during  the  summer  vacation  all  the  floors  of  school-houses  with  sawdust 
wet  with  a  solution  of  bichloride  of  mercury  (one  part  of  bichloride  of  mercury  to 
three  thousand  parts  of  water),  and  sweep  the  sawdust  before  it  becomes  dry: 
also  sponge  off  all  chairs,  desks,  window-sills,  wainscotings,  doors  and  door-knobs 
with  a  solution  of  the  same  strength,  and  wipe  off  with  a  wet  cloth  before  they 
become  dry.  All  applications  may  be  made  with  a  sponge  or  cloth  mounted  open 
a  handle  or  stick,  so  that  the  hands  need  not  be  put  into  the  solution. 

Diphtheria. 

A  detailed  account  of  the  work  of  culture  diagnosis  of  diphtheria  and  the 
production  of  antitoxin  is  presented. 

The  total  examinations  made  for  the  whole  period  have  been  8,644 ;  the 
lowest  daily  average  for  any  month  was  1 1 ,  during  August  and  September, 
and  the  highest  33,  during  December,  1895.  The  daily  average  of  Novem- 
ber, 1894,  was  13;  the  daily  average  of  November,  1895,  was  28;  of 
December,  1894,  27  ;  of  December,  1895,  33,  — showing  a  marked  increase 
in  the  use  of  this  method  of  diagnosis  by  the  profession. 

The  total  number  examined  in  November,  1894,  was  397  ;  in  November, 
1895,  835  ;  in  December,  1894,  823  ;  in  December,  1895,  1,023. 

There  were  sent  in  402  cases  showing  no  growth,  and  these  are  to  be 
neglected,  leaving  8,242  cases  in  which  the  results  were  more  or  less  satis- 
factory. Of  these,  1,717  were  found  to  contain  the  bacilli  of  diphtheria,  a 
percentage  of  a  little  less  than  21. 

The  Production  of  the  Antitoxin  of  Diphtheria. 

The  preparation  of  this  material  was  begun  in  December,  1894,  and  has 
been  vigorously  and  successfully  prosecuted  since  that  time.  Some  time 
was  consumed  in  getting  together  the  necessary  apparatus,  animals  and 
assistants.  The  cultures  have  all  been  made  and  the  injections  of  the 
horses  have  been  carried  out  at  the  place  originally  selected  on  Gallop's 
Island. 
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The  following  table  has  been  prepared,  which  includes  the  totals  from  all 
le  horses  in  the  time  that  they  have  all  been  immunized,  i.e.,  from  the  last 
r  August,  1895  ?  — 

Cable  Centimeters 
of  Serum. 

Horse  IV., 2,500 

Horse  VM 3,600 

Horse  VIII., 1,700 

Horse  IX., 2,000 

Horse  X., 8,500 

Horse  XL, 2,500 

Total 15,700 

r  nearly  1,000  cubic  centimeters  a  week. 

There  have  been  returned  at  this  date  (Jan.  15,  1896)  reports  of  the 
jsults  of  the  use  of  the  antitoxin  supplied  by  the  board  in  748  cases, 
Ivided  as  follows :  — 

Recoveries, 550 

Deaths, 97 

Total, 647 

Iving  a  mortality  of  a  shade  under  15  per  cent.,  which  is  remarkable  when 
>mpared  with  the  general  mortality  of  this  disease,  never  under  27  per 
int.  in  Boston  and  27.06  per  cent,  in  1894. 

To  the  foregoing  are  to  be  added  96  cases  in  which  the  serum  was  used 
>r  immunizing,  making  a  total  of  743  cases  in  all. 

It  has  seemed  to  be  interesting  to  work  out  the  percentage  of  mortality 
i  private  practice,  so  far  as  it  is  shown  by  our  returns.  Of  cases  in  which 
le  antitoxin  of  your  board  has  been  used  out  of  the  hospitals,  there  have 
sen  reported :  — 

Recoveries, 72 

Deaths, 7 

Total, 79 


hich  gives  a  mortality  of  8  per  cent. 


Garbage  Disposal. 

If  this  material  should  be  disposed  of  in  the  kitchen  there  would  no 
tger  be  any  danger  of  a  public  plant  for  the  cremation  or  reduction  of 
rbage  in  any  residential  district  of  the  city ;  there  would  be  no  more 
ill-carts  in  the  streets ;  there  would  be  fifty  thousand  less  swill-barrels 
the  back  yards,  and  a  saving  of  two  hundred  thousand  dollars  annually 
>ur  city  treasury. 
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House-to-house  Inspection. 

Recapitulation. 

Whole  number  examined, 366 

Bad  odors  found, 116 

Defective  drains  found, 122 

Lack  of  traps  found, 77 

Offensive  vaults  found, 1 

Damp  or  unclean  yards, 11 

Damp  or  unclean  cellars, .  19 

Using  furnaces, 107 

Furnaces  without  proper  air  supply, 14 

Using  steam  heat  or  hot  water, 8 

Water-closets  found, 864 

Old  style  or  faulty  water-closets  found, 64 

Offensive  water-closets  found, $4 

Ventilation  to  soil-pipe  or  drain  found, 178 

Offensive  cesspools  found, 14 

Percentage  of  defective  drains, 38.83 

Percentage  of  defective  trapping,  .        .        .        *        .        .        .21.04 

Percentage  of  un ventilated  drains, 51.37 

Total  number  of  nuisances  abated, 11,679 

Disinfection  after  Infectious  Diseases. 

Diphtheria, 3,450 

Scarlet  fever, 1,486 

Phthisis 6 

Measles, 11 

Total, 5,095 

Rooms  disinfected, 10,155 

Grand  total  of  disinfections, 56388 

Materials  Used. 

Bichloride  of  mercury  (pounds), 1,575 

Chloride  of  lime  (pounds), 36,875 

Sulphur  (pounds), 44,899 

Copperas  (pounds), 3,150 

Muriatic  acid  (carboys),.        .                 12 

Houses  ordered  vacated, 112 


Public  Baths,  Number  of  Bathers  in  June,  July,  August  and  September. 

1894.  1895. 

Total  men  and  boys, 860,944        589,779 

Total  women  and  girls, 221,731         177,046 

Total  of  both  sexes, 1,082,675        766,825 
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The  subject  of  maintaining  bath-houses  all  the  year  round  was  the  sub- 
ject of  a  special  recommendation  by  His  Honor  the  mayor  in  his  inaugural 
address  to  the  city  council,  and  a  special  commission  has  since  been  ap- 
pointed by  him  to  consider  the  subject,  and  make  such  recommendations 
with  a  view  to  establishing  such  accommodations  as  may  be  deemed  ex- 
pedient. The  supplying  of  public  bathing  facilities  during  the  winter  as 
veil  as  during  the  summer  months  has  the  cordial  approval  of  the  board  of 
lealth,  as  being  in  the  line  of  promoting  the  public  health. 

Examination  of  Plumbers. 

The  examining  board  held  44  meetings  and  examined  258  candidates  for 
plumbers'  licenses ;  93  were  for  master  plumbers'  licenses,  and  50,  or  52 
per  cent.,  passed  the  examination  and  were  licensed;  165  were  examined 
for  journeymen  plumbers'  licenses,  and  106,  or  64  per  cent.,  passed  the 
oral  examination  and  were  notified  to  report  at  the  shop  for  a  practical  test. 
Of  the  106  candidates  who  passed  the  oral  examinations,  77  passed  suc- 
cessful examinations  in  the  shop  and  were  given  licenses. 

Lying-in  Hospitals. 

During  the  year  423  confinements  have  taken  place  in  the  licensed  hos- 
pitals, and  no  deaths  have  been  reported. 

Stables, 
There  were  248  applications,  and  198  were  granted. 

Prosecutions. 

During  the  year  there  have  been  30  prosecutions  for  violations  of  various 
lealth  laws.  In  these  cases  there  were  25  convictions,  2  acquittals,  2  were 
iol-prossed  and  1  is  still  pending. 

Of  the  convictions,  perhaps  the  most  important  was  that  of  a  physician  for 
ailing  to  report  a  case  of  contagious  disease  which  he  had  been  called  to 
ttend.  In  this  case  a  fine  of  fifty  dollars  was  imposed  in  the  lower  court, 
ad,  after  an  appeal  and  trial  before  a  jury,  the  judgment  of  the  lower  court 
as  affirmed,  and  the  fine  increased  to  one  hundred  dollars. 

The  physicians  of  the  board  examined  39  cases  reported  as  small-pox, 
>ne  of  which  proved  to  be  such. 

The  bodies  of  454  persons  dying  without  a  physician  were  also  examined, 
determine  the  causes  of  death. 

Animals  killed  at  Abattoir. 

Cattle, 25,814 

Calves, 14,141 

Sheep, 77,906 

Swine, 470 
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Animals  condemned. 


Number. 


Weight. 


Cows,  . 
Steers,  . 
Bulls,  . 
Calves, . 
Sheep,  . 
Parts  of  animals, 

Total,    . 


52 

22364 

2 

1,540 

1 

630 

9 

372 

1 

30 

— 

4,000 

65 


Found*. 


29,436 


Diseases  found  among  Animals  after  having  been  killed  and  dressed  at  (fa 

Abattoir. 


Diseases. 

Cattle. 

CaItcs. 

8twep. 

Tuberculosis, 

Actinomycosis, 

Septicaemia, 

Puerperal  fever, 

Bruised, 

Immatured, 

49 
7 
2 
2 
1 

9 

1 

Tuberculosis. 

The  following  table  shows  the  percentage  of  tuberculosis  in  cattle  killed 
at  abbatoir  with  the  intention  of  being  used  for  food  :  — 


Class  of  Animals. 

Number 
recelYed. 

Tuberculosis.       Percent*** 

Whole  number  of  all  kinds,      .... 
Cows  from  eastern  States, 
Bulls  from  eastern  States, 
Steers  from  eastern  States, 

Cows  from  Buffalo, 

Cows  from  western  States,        .... 
Steers  from  western  States, 

25,814 

1,949 

157 

536 
1,421 

49 

47 

1 

1 

0.189 

2.41 

0.63 

0.18 

Under  the  head  of   "cows  from  eastern  States'*  is  understood  those 
animals  from  all  of  the  New  England  States,  including  Massachusetts. 
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Inspection  of  Cattle. 

In  accordance  with  the  regulations  of  the  board  of  health  and  an  act  of 
the  Legislature,  the  work  of  inspection  of  cows  kept  for  the  production  of 
milk  has  been  continued  during  the  past  year.  With  one  or  two  exceptions 
all  cattle  which  upon  inspection  have  shown  any  symptoms  of  tuberculosis 
have  been  subjected  to  the  tuberculin  test,  and  all  animals  which  have 
shown  a  reaction  to  such  test  have  been  quarantined,  and  the  State  Board 
of  Cattle  Commissioners  notified. 

Brockton. 

The  board  is  of  the  opinion  that  final  disinfection  after  contagious  dis- 
eases, which  is  required  under  the  Public  Statutes  to  be  done  to  the  satis- 
faction of  the  board,  should  be  done  by  the  board  itself.  It  is  the  intention 
of  the  board  the  coming  year  to  ask  for  an  appropriation  to  carry  out  this 
work,  and  to  employ  some  person  to  disinfect  all  premises  and  articles 
which,  in  its  opinion,  have  been  infected. 

The  following  is  a  list  of  some  of  the  principal  complaints  and  nuisances 
nvestigated  during  the  past  year :  — 

Defective  cesspools, 127 

Defective  vaults, 115 

Filthy  yards, 143 

Filthy  cellars, 24 

Bad  drainage, 33 

Animals  buried, 43 

Brooklike. 

Nine  cases  of  typhoid  fever,  several  of  which,  if  not  all,  were  found  on 
investigation  to  have  been  contracted  away  from  home,  is  an  exceedingly 
small  number  for  a  population  of  over  sixteen  thousand,  and  is  the  best 
possible  evidence  of  the  care  taken  to  maintain  the  purity  of  our  public 
water  supply. 

The  board  of  health  hospitals  have  been  kept  in  readiness  throughout  the 
year,  and  have  been  used  for  the  efficient  isolation  and  care  of  2  cases  of 
scarlet  fever  and  21  cases  of  diphtheria.  The  only  death  occurring  in  the 
hospital  was  the  case  of  a  feeble  little  child,  ill  with  both  measles  and 
diphtheritic  croup,  the  latter  disease  being  well  advanced  and  beyond  con- 
trol when  admitted  to  the  hospital. 

It  is  gratifying  to  be  able  to  state  that  during  the  diphtheria  epidemic  in 
Brookline  and  the  surrounding  cities  and  towns  in  October,  November  and 
December,  of  the  18  patients  admitted  to  the  hospital,  all  going  with  their 
»arents'  approval  or  consent,  and  all  of  whom  received  one  or  more  injec- 
ions  of  antitoxin  (in  most  cases  furnished  by  the  State  Board),  all  re- 
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covered.  The  number  of  diphtheria  patients  reported  in  the  town  daring 
the  same  time,  many  of  whom  also  had  antitoxin,  was  42,  of  which  num- 
ber 9  died,  or  21.4  per  cent.  During  the  epidemic  and  since,  antitoxin 
has  been  furnished  free  by  the  board,  on  application,  to  physicians  having 
patients  who  could  ill  afford  to  pay  for  it.  The  State  Board  antitoxin 
was  supplied  when  available,  otherwise  Behring's,  and  excellent  results 
were  reported  from  both. 

The  value  of  the  bacteriological  test  as  a  means  of  certain  diagnosis, 
which  is  required  to  be  made  in  all  diphtheritic  cases  before  they  are  re- 
leased from  quarantine,  has  been  emphasized  by  the  recent  experiences 
here. 

The  need  of  improved  public  bathing  facilities  and  of  a  new  public 
swimming-bath,  recommended  in  previous  reports  of  this  board  as  an 
important  sanitary  measure,  has  been  recognized  by  the  town,  and  the 
necessary  steps  for  securing  a  new  public  bath-house,  first-class  in  every 
respect,  have  been  taken. 

In  the  same  pamphlet  with  the  report  of  the  board  of  health  are  pub- 
lished the  reports  of  the  inspectors  of  milk  and  of  animals,  also  those  of 
the  sanitary  inspector  and  of  the  town  clerk  on  vital  statistics.  The 
report  of  the  milk  inspector  presents  the  results  of  analysis  of  each  one  of 
more  than  two  hundred  samples,  together  with  the  names  of  the  dealers. 

Cambridge. 

Number  of  inspections  made, 2,813 

Number  of  subsequent  inspections, 4,569 


Total, 6,882 

Ho  spited. 

In  the  year  1894  the  prevalence  of  scarlet  fever  in  Cambridge  was  greater 
than  in  any  year  since  notification  of  diseases  dangerous  to  the  public 
health  was  made  obligatory,  and  in  the  present  year  the  same  has  been 
true  of  diphtheria. 

Had  there  been  during  these  years  a  suitable  hospital  for  the  reception 
of  cases  of  these  diseases  at  the  disposal  of  the  board,  many  cases  might 
have  been  prevented  and  lives  been  saved.  In  the  absence  of  such  a 
hospital  it  has  been  the  duty  of  this  board  (P.  S.,  chap.  80,  sect.  40),  in 
view  of  the  great  prevalence  of  diphtheria  in  the  city,  to  utilize  as  far  as 
possible  the  small  ward  in  the  Cambridge  Hospital  for  the  reception  of 
cases  of  this  disease.  They  have  also  been  compelled  to  use  for  a  short 
time  the  Cottage  Hospital  on  the  almshouse  grounds.  While  the  accom- 
modations afforded  by  these  hospitals  have  not  been  adequate  to  the  needs 
of  the  city,  they  have  yet  been  of  very  great  value  in  enabling  us  to  check 
the  spread  of  this  disease.     In  these  two  hospitals  combined  62  cases  of 
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diphtheria  have  been  cared  for  this  year  at  the  public  expense ;  of  this 
number,  9  died.  The  Cambridge  Hospital  also  treated  9  private  cases, 
among  which  there  were  no  deaths.  The  fatality  among  the  hospital  cases 
was,  therefore,  9  out  of  71,  or  12.7  per  cent.  Of  these  fatal  cases  it 
should  be  said  that  3  were  practically  paet  hope  when  they  reached  the 
hospital,  and  expired  shortly  after  reaching  it. 

Disinfection. 

We  are  endeavoring  to  so  train  certain  of  our  employees  that  the  work 
of  house  disinfection  may  be  intelligently  and  effectively  done  by  them 
and  under  their  direction,  they  being  authorized  to  require  the  co-operation 
of  the  householders  for  such  matters  as  can  and  should  be  done  by  the 
latter. 

Bacterial  Examination. 

We  are  most  clearly  of  opinion  that  the  protection  of  the  public  health 
demands  that  this  work,  begun  by  this  board  during  the  past  year,  should 
be  unremittingly  carried  on. 

Schools. 

What  has  thus  far  been  accomplished  is  to  prevent  the  return  to  the  pub- 
lic schools  of  children  who  have  had  contagious  disease,  while  they  are  yet 
capable  of  transmitting  it,  and  to  prevent  the  attendance  at  such  schools  of 
children  from  families  wherein  cases  of  such  disease  exist.  This  has  been 
of  the  utmost  importance ;  but  there  yet  remain  the  following  measures  to 
be  adopted  before  it  can  be  said  that  the  city  has  reasonably  done  its  duty 
in  the  premises :  — 

1.  The  extension  of  the  present  system  to  the  private  and  parochial 
schools  of  the  city. 

2.  Establishing  a  system  of  school  inspection  by  physicians  appointed 
by  this  board,  with  a  view  of  detecting  cases  of  actual  disease  among  the 
children  present  in  school,  and  their  prompt  elimination. 

3.  Much  greater  attention  than  has  heretofore  been  paid  to  the  matter 
of  cleansing  of  the  school-rooms  and  school-houses. 

We  have  already  succeeded  in  partially  extending  this  system  to  the 
parochial  schools;  i.e.,  notification  of  contagious  diseases  affecting  the 
attendance  of  their  scholars  is  now  sent  to  those  in  charge  of  such  schools. 

Canton. 

Owing  to  an  informality  in  the  election  of  the  board  of  health,  the  duties 
>f  the  office  devolved  upon  the  selectmen. 

Twenty-three  complaints  of  nuisances  have  been  filed,  and  each  was  at 
nee  abated. 


766  STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 


Chicopee. 

Epidemic  influenza,  or  "  grippe,"  which  appears  to  have  become  an 
annual  visitor,  was  the  principal  acute  disease  affecting  our  people  daring 
the  winter  and  spring,  but,  aside  from  its  fewer  victims  and  somewhat  les- 
sened severity,  presented  no  new  symptoms  worthy  of  note. 

Eight  cases  of  typhoid  fever  is  a  good  record,  compared  to  the  years 
previous  to  1893,  when  our  city  stood  among  the  first  in  the  Commonwealth 
as  a  habitat  of  this  disease.  Here  certainly  is  a  testimonial  to  the  greater 
cleanliness  of  the  city,  as  well  as  to  our  better  water  supply.  Some  diffi- 
culty has  been  experienced  in  getting  physicians  to  report  cases  of  typhoid 
to  the  health  department,  though  this  is  distinctly  required  by  the  regula- 
tions. Accordingly  the  board  had  mailed  to  every  physician  in  the  city  a 
postal  card  stating  that  typhoid  fever  must  be  reported,  that  this  was  neces- 
sary not  only  for  statistical  purposes  but  also  to  enable  the  health  author- 
ities to  investigate  the  sanitary  conditions  of  the  places  where  it  occurred, 
and  that  co-operation  in  this  matter  would  be  insisted  upon.  Since  then, 
so  far  as  the  board  is  aware,  all  cases  have  been  promptly  reported. 

As  our  population  increases,  the  need  of  some  systematic  and  reliable 
method  of  garbage  collection  becomes  more  pressing. 

Clinton. 

The  board  has  made  arrangements  with  the  State  Board  of  Health  for 
the  keeping  of  a  supply  of  antitoxin  on  hand  for  the  use  of  physicians  in 
this  and  adjoining  towns.  By  this  means  several  cases  in  Clinton  and 
Bolton  have  been  supplied  earlier  than  could  have  been  the  case  under  the 
former  method,  and  it  is  believed  with  marked  benefit. 

Cohasset. 

Complaints  having  been  made  of  the  impure  condition  of  James  Brook 
during  the  summer,  the  board  of  health  carefully  investigated  the  matter 
and  did  what  they  could  to  abate  the  nuisance.  Believing  the  cause  to  have 
been  the  flowing  of  sewage  into  the  brook,  they  requested  all  persons  who 
convey  the  overflow  of  their  cesspools  thereto  to  cease  doing  so  before  April 
1  next.  A  cheerful  compliance  with  the  above  request  will  prevent  the 
repetition  of  the  nuisance  the  coming  summer.  The  board  have,  as  a  pre- 
cautionary measure,  caused  the  brook  to  be  cleaned  and  dug  out  from  the 
bridge  on  Pleasant  Street  to  its  entrance  to  the  harbor. 

Concorq. 

The  plumbing  in  thirty-six  houses  has  been  inspected  and  passed  during 
the  year.  This  work  is  all  new,  being  either  in  new  houses,  or  new  work 
in  old  houses.     We  can  truthfully  say  that  that  part  of  the  labor  of  this 
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board  is  worth  all  it  costs.  In  our  opinion  this  is  most  important,  and  it 
will  be  found  to  be  especially  so  if  a  system  of  sewage  disposal  is  estab- 
lished in  the  near  future.  By  the  agent's  report  it  will  be  seen  that  he  has 
inspected  more  places  than  ever  before,  and  in  the  most  thorough  manner. 

The  agent  was  refused  permission  to  inspect  the  premises  in  one  case. 
The  deputy  superintendent  of  the  Massachusetts  Reformatory,  acting  under 
instructions  from  the  superintendent,  took  the  ground  that  none  of  the 
houses  occupied  by  the  officers  and  owned  by  the  Commonwealth  were 
subject  to  any  inspection  by  the  local  board  of  health.  After  considerable 
correspondence  with  the  superintendent  and  the  prison  commissioners,  an 
opinion  was  finally  obtained  from  the  Attorney-General  of  the  State.  The 
opinion  is  expressed  that,  as  the  superintendent  had  sole  control  of  the 
reformatory,  and  as  the  houses  of  the  officers  were  a  part  of  the  institu- 
tion, the  local  board  of  health  could  not  inspect  them  without  interfering 
with  the  discipline  of  the  prison.  It  being  admitted  on  our  side  that  we 
had  no  rights  inside  the  prison  walls,  the  Attorney-General  thought  that  it 
would  be  impossible  clearly  to  draw  the  line,  and  hence  that  neither  we 
nor  the  State  Board  had  any  right  to  inspect  the  property.  We  have 
rested  our  case  there.  Our  only  alternative  is  to  go  to  the  Legislature  and 
try  to  get  a  bill  passed,  allowing  local  boards  of  health  to  inspect  State 
property  used  as  dwellings,  wherever  it  may  be  found  within  their  juris- 
diction. 

It  seems  to  us  decidedly  inconsistent  that,  as  a  local  board,  we  should 
not  have  the  same  rights  to  inspect  the  houses  of  the  Commonwealth  as  we 
have  to  inspect  those  of  a  private  individual ;  for,  if  an  epidemic  should 
break  out,  or  even  if  an  isolated  case  of  contagious  disease  should  appear 
in  one  of  the  houses  owned  by  the  Commonwealth,  the  local  board  of  health 
would  certainly  be  called  upon  to  fumigate  the  building  and  take  other 
measures  to  abate  the  trouble,  and,  if  so,  why  should  we  not  have  the 
power  to  inspect  the  houses  at  first,  and  see  that  they  are  kept  in  a  healthy 
condition  ? 

Cottage  City. 

Ab  there  had  been  considerable  agitation  and  discussion  concerning  the 
unsatisfactory  condition  of  Lake  Anthony  for  some  time  previous  to  the 
annual  town  meeting,  at  which  place  it  was  again  brought  under  discussion, 
the  board  felt  it  their  duty  to  bring  the  lake  into  as  clean  and  healthful  a 
condition  as  possible,  and  at  the  same  time  render  it  an  ornament  to  the 
town.  The  board,  therefore,  consulting  with  several  competent  persons  as 
to  the  most  expedient  and  satisfactory  way  to  obviate  this  difficulty,  de- 
cided to  close  the  opening  to  the  lake,  thereby  changing  the  water  from 
salt  to  fresh,  and  thus  killing  the  peculiar  growth  of  grass  with  which  the 
lake  was  filled,  and  by  its  decay  causing  a  disagreeable  odor,  rendering  the 
ihore  unsightly  and  making  the  lake  totally  unfit  for  boating.     We  closed 
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the  lake  by  the  construction  of  a  dam  across  the  opening,  by  which  means 
the  water  was  changed  from  salt  to  fresh.  We  succeeded  by  this  means  in 
destroying  the  grass,  as  evidenced  by  the  large  quantities  which  came 
ashore  during  high  winds,  and  the  accumulation  thus  coming  ashore  was 
raked  up  and  carted  away  as  soon  as  possible. 

Danvers. 

There  was  an  epidemic  of  measles  during  the  spring  and  summer,  prob- 
ably many  more  cases  than  were  reported,  as  the  disease  is  often  so  mild 
that  no  physician  is  called  to  attend. 

The  cases  of  diphtheria  were  treated  with  the  new  remedy,  diphtheria 
antitoxin,  of  which  so  much  has  been  expected.  We  have  thought  it  ad- 
visable to  keep  an  antitoxin  syringe  and  a  supply  of  antitoxin  on  hand, 
so  that  any  physician  in  town  can  obtain  them  of  the  board  of  health  at 
short  notice. 

The  time  is  not  far  distant  when  the  town  must  adopt  a  general  sewage 
system,  which  is  the  only  satisfactory  way  of  disposing  of  the  Be  wage  in 
thickly  settled  parts  of  the  town. 

Dedham. 

The  town  is  to  be  congratulated,  both  in  being  able  to  obtain  so  excel- 
lent a  service  as  will  be  hers  when  the  metropolitan  sewer  is  completed, 
and  also  in  having  the  prospect  of  obtaining  so  speedy  a  relief  from  the 
extremely  unsanitary  conditions  now  prevailing  in  her  midst.  Upon  the 
completion  of  the  trunk  sewer  the  town  must  construct  a  system  of  lateral 
or  branch  sewers  to  connect  therewith,  and  some  provision  must  be  made 
for  this  purpose  in  the  near  future. 

The  keeping  of  swine  in  the  town  and  the  teaming  of  swill  and  offal 
through  the  streets  seem  to  be  an  annual  source  of  difficulty  and  nuisance. 

Everett. 

In  July  it  came  to  the  knowledge  of  the  board  that  there  were  some  un- 
reported cases  of  diphtheria.  The  attending  physician  was  prosecuted  and 
fined  fifty  dollars  in  the  district  court.  In  these  cases  the  probable  source 
of  infection  was  an  old  lounge  that  had  been  brought  from  out  of  town  and 
upon  which  a  child  had  died  with  diphtheria.  It  was  put  out  in  the  yard, 
and  the  children  had  used  it.  Very  soon  there  were  7  cases  and  1  death  in 
the  neighborhood.  Possibly  there  were  other  mild  cases  that  were  not  rec- 
ognized. There  has  been  a  number  of  cases  since  in  that  locality.  In  a 
number  of  instances  we  are  quite  sure  that  the  disease  has  been  contracted 
from  infected  persons  from  out  of  town  or  by  children  visiting  infected 
houses  in  other  places.  In  one  case  a  child  was  sent  here  because  its 
brothers  had  the  disease.     This  child  remained  well,  but  a  child  in  the 
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family  where  it  came  to  stay  developed  a  positive  case  of  diphtheria.  We 
lave  had  a  number  of  cases  that  have  shown  the  great  advantage  of  making 
bacteriological  examinations.  Of  26  cases  where  antitoxin  was  used  early 
/here  were  but  2  deaths  (one  of  them  occurred  at  the  end  of  the  sixth 
ffeek),  — a  mortality  of  7.7  per  cent.  In  four  cases  it  was  used  late,  and 
ihe  patients  died.  Of  the  25  in  which  it  was  not  used,  11  of  the  patients 
lied. 

Everett  is  a  city  of  new,  clean  houses.  We  have  a  third  less  tuberculosis 
han  the  average  of  the  State.  By  care  and  disinfection  we  can  keep  these 
louses  free  from  the  germs  of  this  disease. 

Fall  River. 

Many  cases  of  contagious  diseases  have  come  under  our  observation  in 
lomes  and  boarding-houses  where  there  were  not  proper  facilities  for  their 
jare  and  isolation.  We  believe  the  safety  of  the  public  demands  that  some 
>rovision  for  such  cases  should  be  made,  and  would  recommend  that  a  ward 
n  the  old  almshouse  be  set  apart  for  the  treatment  of  contagious  diseases 
>f  this  character,  other  than  small-pox. 

The  increase  in  contagious  diseases  for  the  year,  before  noted,  was 
^together  confined  to  scarlet  fever  and  diphtheria,  and  was  not  wholly 
mexpected,  as  in  the  early  spring  and  during  the  year  those  diseases  were 
eported  as  prevalent,  and  even  epidemic,  in  many  cities  of  the  Common- 
wealth as  well  as  the  surrounding  States,  from  which  the  board  knows  some 
>f  the  cases  reported  in  this  city  were  brought,  and  has  reason  to  believe 
here  were  others. 

Early  in  the  year  the  board  decided  that  it  would  be  necessary  to  take 
nergetic  measures  to  stamp  out  those  diseases,  or  prevent  them  becoming 
pidemic,  and  result  in  the  closing  of  the  public  schools,  as  occurred  else- 
rhere.  Regulations  were  adopted,  printed  and  furnished  to  all  physicians 
nd  undertakers,  and,  through  the  superintendent  of  schools,  the  teachers 
f  the  public  schools  were  also  notified  of  the  same. 
In  all  cases  of  diphtheria,  culture  tubes  are  furnished  by  the  board  to  the 
ttending  physician,  to  take  cultures  from  the  throat  of  the  patient. 

Our  only  protection  against  small-pox  consists  in  thorough  vaccination. 
'his  the  board  provides  free  of  expense,  and  advertises  freely,  which  we 
re  gratified  to  note  by  the  records  is  understood  and  appreciated  by  our 
wmopolitan  population,  the  number  vaccinated  each  year  exceeding  the 
•evious  one.  Vaccinations  are  performed  by  the  clerk  of  the  board,  under 
e  direction  of  the  city  physician.  The  number  successfully  vaccinated 
ch  year  during  the  past  four  years  was  as  follows:  1892,  1,326  ;  1893, 
231;  1894,  1,720;  1895,  2,118. 

While  the  primitive  method  of  disposing  of  garbage,  as  pursued  here, 
ght  for  a  time  be  permitted  in  a  country  town,  where  it  could  be  con- 
fed  to  some  uninhabited  outlying  district,  it  seems  needless  to  add  thafc 
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it  is  in  no  way  adapted  to  a  city  of  ninety  thousand  inhabitants.  With  a 
view  to  be  able  to  suggest  at  this  time  the  safest  and  most  approved  system 
of  disposing  of  garbage,  the  board,  agent  and  inspectors  have  visited  dif- 
ferent cities  during  the  year,  for  the  purpose  of  investigating  their  systems. 
The  result  of  our  inquiries  confirms  the  opinion  that  destruction  by  fire  is 
the  only  sure  and  safe  method  of  disposing  of  garbage. 

Ten  cows  were  found  to  be  infected  with  tuberculosis  during  the  year, 
and,  after  the  usual  quarantine  and  inspections  by  the  cattle  commission- 
ers, were  destroyed,  and  the  carcasses  disposed  of  to  the  satisfaction  of 
the  board  of  health.  In  May  last  the  board  adopted  a  regulation  requiring 
the  owners  of  all  neat  cattle  within  the  city  to  have  the  same  duly  regis- 
tered and  licensed  at  the  office  of  the  board  of  health  every  year.  The 
reason  that  led  to  this  was  the  number  of  cases  coming  to  our  notice  of  ill- 
fed  cattle,  allowed  to  roam  through  the  streets  and  feed  upon  garbage 
among  the  different  dumps  throughout  the  city,  as  well  as  the  filthy  con- 
dition and  lack  of  ventilation  in  the  stables  in  whioh  they  were  housed 
(when  housed  at  all). 

Fitchburg. 

House  inspection  has  been  extended,  during  the  past  year,  over  sections 
of  the  city  contiguous  to  those  sections  inspected  in  1894,  and  has  included 
also  the  whole  section,  called  the  south  Fitchburg  district,  which  was  the 
seat  of  the  diphtheria  epidemic.  The  total  number  of  inspections  recorded 
was  554. 

The  total  number  of  nuisance  complaints  received  by  the  board  during 
the  year  was  148.  This  includes  only  the  complaints  of  which  a  record  is 
made.  In  connection  with  the  regular  house  inspection,  a  very  large  num- 
ber of  minor  unsanitary  conditions  were  found  and  corrected  by  a  personal 
notice. 

The  majority  of  the  cases  of  diphtheria  occurred  in  a  section  of  the  city 
which  is  in  no  way  provided  with  sewers  and  proper  means  of  drainage. 
It  cannot  be  said,  however,  that  the  unsanitary  conditions  found  in  nearly 
every  house  where  the  disease  occurred  were  the  direct  cause  of  the  oat- 
break,  as  an  infection  from  case  to  case  was  in  nearly  every  instance  traced. 
In  all  cases  where  defects  were  found  the  property  owners  were  asked  to 
correct  them  so  far  as  possible,  and  in  nearly  every  instance  they  readily 
and  promptly  complied.  A  very  good  map,  showing  the  location  of  cases, 
accompanies  the  report. 

Typhoid  fever  has  been  somewhat  prevalent  during  the  year,  although 
the  total  number  of  cases  was  not  greatly  in  excess  of  1894.  Out  of  * 
total  number  of  29  cases,  7  may  fairly  be  said  to  have  been  imported,^ 
the  origin  of  the  disease  having  been  traced  to  infection  arising  in  other 
places  than  Fitchburg.  More  than  usual  care  has  been  exercised  the  past 
year  in  getting  as  accurate  a  history  of  each  case  as  was  possible. 
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Framingham. 

The  State  Board  of  Health  was  consulted  in  reference  to  the  cases  of 
typhoid  fever  occurring  in  South  Framingham,  a  suspected  well  of  water 
was  examined,  and  all  infected  premises  ordered  cleaned  and  disinfected. 
The  outbreak  could  be  traced  to  two  imported  cases. 

Gardner. 

The  sanitary  condition  of  the  town  is  the  best  that  it  has  been  within 
:>ur  memory.  Places  that  in  former  years  were  frequently  neglected  are 
low  being  regularly  attended  to,  or  are  improved  so  as  to  avoid  frequent 
tomplaints.     We  believe  that  prompt  attention  to  complaints  has  led  to 

his  gratifying  result,  and  the  people  of  the  town  derive  the  benefit  in  being 

omparatively  free  from  contagious  diseases. 
With  a  town  of  ten  thousand  inhabitants,  the  milk  supply  is  one  of  great 

oportance.     Since  the  board  recommended  that  those  furnishing  the  supply 

iould  obtain  licenses,  we  find  that  there  has  been  a  steady  improvement  in 
Jie  care  of  stock,  and,  the  natural  result,  an  improvement  in  the  milk  sup- 
ply.    There  have  been  forty-eight  licenses  granted  during  the  past  year. 


Gloucester. 

There  have  been  more  cases  of  scarlet  fever  and  diphtheria  during  the 
[Mist  year  than  on  some  previous  years,  but  the  type  has  generally  been 
nild. 

The  board  would  recommend  the  maintenance  of  a  hospital  for  contagious 
liseases. 

Haverhill. 

The  most  noticeable  contrast  in  the  mortality  of  any  infectious  disease 
ttween  last  year  and  previous  years  is  the  number  of  fatal  cases  of 
looping-cough.     Physicians   are   very  careful  to  report  their  cases  of 
>htheria  and  scarlet  fever,  but  little  attention  is  paid  to  reporting  cases 
whooping-cough.     The  records  show  that  only  34  cases  have  been  re- 
ted,  and  of  this  number  12  deaths  occurred  last  year.     This  would  be 
re  than  35  per  cent,  of  the  number  reported,  —  a  higher  death  rate  than 
•  other  disease  that  was  reported  to  us.     It  is  probable  that,  instead  of 
re  being  but  34  cases,  as  reported,  in  the  city  last  year,  there  were  many 
5S  more  than  that  number.     In  the  last  twelve  years,  including  1895, 
e  have  been,  in  all,  but  31  fatal  cases  of  whooping-cough,  an  annual 
age  of  less  than  3  deaths. 
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HOLTOKE. 

The  board  is  of  the  opinion  that  a  crematory  necessary  for  the  accom- 
modation of  the  city's  offal,  and  located  in  a  convenient  place,  would  be 
more  economical  to  the  city  than  the  coarse  now  pursued. 

Early  in  May  a  thorough  health  inspection  of  the  city  was  made  by 
the  board  of  health.  Several  localities  of  doubtful  healthfulness  were 
promptly  corrected  in  a  measure  satisfactory  to  the  board.  The  importance 
of  this  annual  sanitary  inspection  regularly  and  systematically  carried  oat 
in  the  early  season  of  each  year  cannot  be  over-estimated.  It  stimulates 
the  habitually  careless  to  a  better  regulation  of  their  houses,  and  removes 
from  unsanitary  localities  much  that  invites  and  fosters  disease  germs  for 
summer  activity.  On  persons  not  complying  with  the  board's  orders  in 
regard  to  abating  nuisance,  eight  sheriff's  notices  were  served ;  conviction 
and  fine  was  the  result  of  each  case. 

Out  of  a  mortality  of  111  deaths  during  the  month  of  July,  79  deaths 
were  among  infants. 

Hyde  Park. 

About  one  hundred  and  fifty  complaints  have  been  received  in  relation 
to  overflowing  cesspools,  vaults  in  bad  condition,  wet  land,  filthy  houses 
and  yards,  dead  animals,  and  swine  kept  without  permits. 

There  has  been  quite  an  increase  in  the  cases  of  contagious  diseases, 
although  in  some  respects  we  have  fared  better  than  some  of  the  towns 
about  us.  The  increase  in  cases  of  measles  has  given  a  large  total  for 
this  year.  We  find  that  in  cities  and  towns  where  a  hospital  is  provided 
patients  receive  in  most  cases  better  care,  the  contagion  is  less  liable  to 
spread  and  deaths  are  less  frequent.  We  hope  the  time  will  come  when 
we  can  have  this  help  in  our  work. 

Ipswich. 

During  the  months  of  October  and  November  an  epidemic  of  measles 
spread  through  the  town.  The  disease  was  of  a  mild  type,  and  no  deatbe 
occurred  from  the  same.  With  these  exceptions,  the  general  health  of  the 
town  has  been  fairly  good.  But  how  much  longer  this  will  continue  is 
a  question,  and  one  to  be  seriously  considered ;  for  with  our  public  water 
supply  and  our  town  being  so  situated  in  a  valley,  so  to  speak,  and  oar 
drainage  at  the  best  none  too  good,  the  filth  that  will  accumulate  in  numer- 
ous cesspools  will  prove  a  dangerous  menace  to  the  public  health.  Tbe 
complaints  to  the  board  for  the  past  year  have  been  mostly  from  this  cause* 
and  absolute  safety  from  cesspool  filth  will  never  be  attained  until  the  town 
provides  a  system  of  sewerage. 
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Lee. 

2  board  as  a  body,  or  by  delegating  one  of  its  members,  investigated 
m plaints  received  regarding  nuisances  or  conditions  detrimental  to  the 

3  health  whenever  there  seemed  reasonable  ground  for  such  complaints ; 
i  all  cases  the  recommendations  or  orders  of  the  board  were  promptly 
pparently  cheerfully  complied  with. 


Lexington. 

r  several  years  past  the  piggeries  in  various  parts  of  the  town  have  at 
given  considerable  trouble.  The  present  board,  after  careful  con- 
ition,  adopted  the  system  of  giving  permits  for  the  keeping  of  swine, 
ctice  which  has  thus  far  given  very  good  satisfaction.  The  whole 
er  of  permits  granted  is  sixteen,  the  board  finding  it  unnecessary  to 
permits  for  a  less  number  than  twenty  pigs. 


Lowell. 

lost  of  burning  garbage,  1894, 95,742  69 

lost  of  burning  garbage,  1895, 3,662  53 


Saving  in  1895  of $2,080  16 

e  ashes  resulting  from  the  combustion  of  our  garbage  have  frequently 

analyzed  at  the  State  Agricultural  College  at  Amherst.     The  analyses 

,  and  to  a  certain  extent  summer  ashes  appear  to  be  poorer  than  those 

e  spring  or  fall.     The  largest  amount  of  potassium  oxide  per  100  parts 

lined  in  a  specimen  of  the  ashes  was  8.83  ;  the  largest  amount  of  phos- 

c  acid  was  32.36. 

e   only  way  to  obtain  a  satisfactory  solution  of  the  problem,  how 

to  dispose  of  a  city's  garbage  is  to  make  a  thorough  personal  investi- 

n  of  all  the  methods  now  in  use.     Such  an  investigation  has  been 

n  under  the  direction  of  Mr.  Rudolph  Hering,  the  well-known  civil 

leer,  and  chairman  of  the  committee  on  disposal  of  garbage  of  the 

rican  Public  Health  Association. 

the  mean  time,  the  conclusions  reached  by  the  board  of  health  from  a 

*years  study  of  the  subject  are  briefly  as  follows :  — 

iat  reduction  systems,  even  if  well  located,  properly  constructed  and 

arly  managed,  can  at  present  offer  no  marked  improvement  over  ere- 

ries. 

iat,  at  present,  cremation  is  the  best  solution  of  the  problem  for  the 

ige  New  England  city.     That  the  kind  of  cremator  to  be  selected 
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should  have  been  in  active  operation  for  at  least  a  year  in  some  city  where 
it  has  caused  no  nuisance. 

That  trustworthy  figures  should  be  obtained  as  to  the  average  cost  in  fuel 
and  labor  to  burn  a  ton  of  garbage,  and  that  the  price  of  fuel  and  labor 
should  be  known. 

That  that  cremator  should  be  selected  which,  considering  the  original 
cost,  will  do  the  city's  work  most  efficiently  and  economically. 

That  it  should  be  owned  and  operated  by  the  city. 

That  the  cremator  now  in  use  in  Lowell  is  a  vast  improvement  over  the 
methods  employed  in  all  other  New  England  cities. 

A  contagious  disease  hospital  is  recommended. 

The  board  of  health  recommends,  and  the  citizens  can  if  they  desire  see, 
that  Lowell  is  provided  with  a  public  bath-house. 

As  regards  the  use  of  antitoxin  in  diphtheria,  we  find  from  our  limited 
experience  somewhat  more  favorable  results  from  the  use  of  the  remedy 
than  by  other  means  of  treatment. 


Lynn. 

During  the  year  there  has  been  completed  on  Holyoke  Street  a  hospital 
for  contagious  diseases,  in  accordance  with  chapter  511  of  the  Acts  of  1894. 
This  property  was  turned  over. to  the  board  of  health  by  the  proper  com- 
mittee April  29,  1895.  It  was  dedicated  and  opened  to  the  admission  of 
patients  May  15,  1895,  the  administration  building  and  two  hospital  wings, 
consisting  of  two  wards  each,  receiving  suitable  furniture  throughout  as  a 
gift. 

The  first  patient  was  admitted  June  13,  and  the  total  number  admitted 
to  Jan.  1,  1896,  was  40.  The  first  case  of  scarlet  fever  was  admitted  June 
13,  and  the  number  of  cases  was  12.  The  first  case  of  diphtheria  was 
admitted  August  14,  and  the  number  of  cases  was  27.  One  case  of  measles 
was  admitted  July  7.  Of  the  40  patients  admitted,  there  have  been  3  deaths, 
all  from  diphtheria,  or  about  11  per  cent,  of  the  diphtheria  cases  admitted, 
or  a  little  more  than  7  per  cent,  of  total  admissions. 

As  soon  as  possible  after  a  patient  suffering  with  diphtheria  has  been 
admitted  to  the  hospital  diphtheria  antitoxin  is  administered,  which  has  a 
pronounced  curative  effect  upon  the  disease.  The  use  of  this  remedy  is 
responsible  for  making  the  mortality  so  low  the  past  six  months  in  this 
institution.  In  two  of  the  patients  that  died  the  disease  had  been  in  prog- 
ress six  days  before  the  remedy  was  administered.  In  the  third  patient, 
beside  being  a  late  stage  of  the  disease,  there  was  some  complication  which 
was  not  positively  recognized.  The  first  two  patients  died  twenty-four  and 
thirty-six  hours  after  admission,  and  the  third  thirty-six  hours  after  admis* 
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1.  To  my  mind,  all  three  of  these  patients  could  have  lived  had  the 
ninistration  of  antitoxin  been  effected  in  the  early  stages.  Comparing 
i  experience  with  that  had  in  1893,  when  diphtheria  appeared  in  the 
Idren's  home,  there  were  3  deaths  in  10  taken  with  the  disease,  or  a 
rtality  of  30  per  cent. ;  this  was  before  antitoxin  was  used  in  this 
ntry. 

Marlborough. 

There  has  been  no  serious  outbreak  of  disease  in  the  city  during  the 
r.  In  November  a  rather  small  epidemic  of  measles  appeared,  and 
>ut  sixty  cases  were  reported  to  the  board. 

The  cases  of  scarlet  fever  and  diphtheria  were  few  and  somewhat  widely 
arated  in  time  of  appearance  and  in  location. 

Sarly  in  the  year  the  board  discussed  the  matter  of  furnishing  to  the 
rsicians  of  the  city  means  for  a  culture  diagnosis  in  cases  of  diphtheria, 
•hough  the  opportunity  to  test  the  value  of  this  method  of  being  positive 
diagnosis  in  cases  of  contagious  disease  has  been  small,  there  being  only 
e  cases  of  diphtheria  during  the  year,  the  board  is  much  pleased  at  the 
ults  of  its  experience.  In  the  summer  vacation  a  very  severe  case  of 
htheria  appeared,  after  an  interval  of  five  months  in  which  no  cases  had 
tn  reported.  By  chance  it  was  discovered  that  a  boy  who  had  lately 
ae  from  a  neighboring  town,  from  a  house  where  there  was  a  case  of 
htheria,  was  staying  on  the  opposite  side  of  the  street.  This  boy  had 
en  dinner  some  days  previous  with  the  patient  now  sick  with  diphtheria, 
culture  examination  of  the  throat  of  the  suspected  importer  of  the  dis- 
e  showed  that  his  throat  contained  germs  of  diphtheria,  though  he  had 
;  at  any  time  been  sick  in  bed  nor  in  doors,  nor  had  he  paid  any  atten- 
q  to  his  sore  throat.  No  doubt  he  was  the  bearer  of  the  disease  to  the 
t-mentioned  patient.  These  cases  are  mentioned  to  call  the  attention  of 
t  public  to  the  fact,  not  generally  understood,  that  a  person  may  be  suf- 
ing  from  diphtheria  in  a  mild  form,  and  not  necessarily  be  sick  in  bed, 
t  at  the  same  time  be  capable  of  conveying  the  disease  in  its  worst  form 
another  individual. 

The  antitoxin  furnished  by  the  State  Board  of  Health  was  used  by  the 
ysicians  attending  diphtheria  cases  in  only  two  instances.  Each  time 
re  seemed  to  be  a  reluctance  on  the  part  of  the  physician  to  use  the  new 
aedy  until  other  means  of  treating  the  disease  had  been  tried.  This  is 
;  the  course  recommended  by  those  who  are  familiar  with  the  best  results 
antitoxin  treatment,  and  it  is  hoped  that  physicians  who  decide  to  use 
Atoxin  will  give  the  remedy  a  fair  trial  by  using  it  as  early  in  the  case 
possible. 

There  were  one  hundred  and  seventy-one  complaints  of  nuisances  re- 
red  during  the  year.  These  were  promptly  investigated.  A  few  legal 
ices  were  served. 
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Med  ford. 

In  our  report  of  1894  attention  was  called  to  the  fact  that  the  existence 
of  diphtheria  can  be  positively  recognized  at  an  early  stage  by  the  modern 
methods  of  microscopical  examinations.  Following  our  recommendation, 
the  sum  of  one  hundred  dollars  for  the  special  purpose  of  providing  such 
examinations  was  generously  granted,  and  during  the  past  year  thirty-one 
cultures  from  suspected  cases  of  throat  disease  have  been  examined  either 
at  the  Harvard  or  Tufts  medical  school  laboratories,  with  the  following  re- 
sults :  number  of  examinations,  31.  The  bacillus  of  diphtheria  was  found 
in  23  examinations ;  the  bacillus  of  diphtheria  was  not  found  in  8  examina- 
tions. It  is  thus  to  be  seen  that,  of  74  cases  reported  as  diphtheria,  in 
fully  50  cases  no  microscopical  examination  was  made. 

In  the  opinion  of  this  board,  each  report  of  a  case  of  diphtheria,  with  its 
consequent  discomforts  of  isolation,  disinfection,  etc.,  should  be  founded 
upon,  and  verified  by,  a  proper  microscopical  examination. 

Melrose. 

Our  requirements  to  correct  nuisances  have  usually  been  promptly  met 
One  person  only  has  been  brought  to  court  and  fined  for  offence,  and  be 
for  not  only  emptying  his  cesspool  himself  without  a  permit,  but  for  the 
gross  misdemeanor  of  pouring  the  offensive  material  upon  his  neighbor's 
premises.  A  number  of  languid  responses  to  our  requirements  have  been 
wonderfully  quickened  by  the  impending  resort  to  legal  proceedings. 

A  concise  summary  of  the  labors  of  the  inspector  of  plumbing  during  the 
past  year  is  as  follows  :  — 

Number  of  permits  granted  to  do  plumbing,         ....  492 

Number  of  permits  for  sewer  connection, 166 

Number  of  visits  made  by  inspector, 883 

Number  of  water  tests  made, 424 

Number  of  sewer  connections  tested, 129 

New  Bedford. 

For  the  past  year  every  case  of  typhoid  fever,  diphtheria  and  scarlet 
fever  has  been  investigated,  with  the  idea  of  keeping  a  record  of  each  case, 
and  trying  to  impress  upon  the  public  the  necessity  of  greater  care  in 
isolation  and  sanitation. 

The  school  which  each  child  attends  is  ascertained,  together  with  the 
special  room,  and  if  several  cases  are  found  originating  at  about  the  same 
time  in  any  one  room,  then  that  room  is  closed  and  thoroughly  disinfected, 
and  reopened  again  at  the  judgment  of  the  board  of  health.  Three  times 
during  the  past  year  this  has  been  done,  probably  stopping  what  at  first 
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ippeared  to  be  the  beginning  of  a  serious  epidemic  of  scarlet  fever  and 
liphtheria.  The  Sunday-school  attended  by  the  sick  child  is  also  inquired 
nto,  and. the  superintendent  of  that  school  notified  of  the  fact  of  that 
child's  illness,  with  the  advice  to  stop  future  attendance  of  other  children 
n  the  same  family.  Each  case  of  scarlet  fever  is  watched  until  desqua- 
nation  has  ceased,  although  no  school  permits  are  given  until  after  four 
reeks  have  elapsed,  even  though  that  process  should  have  apparently 
leased  earlier. 

During  the  year  about  550  calls  have  been  made  by  the  inspector. 
Nineteen  vessels  coming  from  foreign  ports  boarded  by  quarantine  physi- 
cian ;  none  quarantined. 

Newton. 

Upon  recommendation  of  His  Honor  the  mayor,  the  city  council,  in  June, 
ippropriated  the  sum  of  one  thousand  dollars  for  the  erection  and  main- 
enance  of  a  bath-house  on  the  bank  of  Charles  River,  off  California 
Street,  Ward  1.     The  committee  on  public  property  were  instructed  to 
irect  the  building,  which,  when  completed,  was  to  be  turned  over  to  this 
ward  to  maintain. 
The  general  health  of  the  city  during  1895  has  compared  favorably  with 
revious  years,  the  number  of  deaths  being  448,  a  mortality  of  1 6.23  per  thou- 
ind.     No  general  epidemic  has  occurred,  although  from  some  of  the  wards 
large  number  of  contagious  cases  were  reported.     The  three  important 
ratagious  diseases,  diphtheria,  scarlet  fever  and  measles,  have  been  pres- 
it  in  the  city  almost  continuously  during  the  year,  but  never  in  such  num- 
ber as  to  cause  serious  alarm.     As  will  be  seen  by  the  tables,  the  number  of 
ases  of  diphtheria  reported  to  the  board  was  greatly  in  excess  of  the  pre- 
ious  year. 
The  great  benefit  to  the  city  of  the  contagious  wards  of  the  Newton  Hos- 
ital  has  again  been  fully  demonstrated,  121  cases  of  contagious  disease 
living  been  admitted.     The  board  has  always  urged,  and  in  some  cases 
ompelled,  parents  to  send  their  sick  children  to  the  hospital.     This  is  one 
f  those  instances  when  the  prerogative  of  the  board  seems  to  antagonize 
idividual  liberty ;  but  it  is  the  duty  of  a  board  of  health,  to  do  all  in  its 
ower  to  prevent  the  spread  of  a  contagious  disease,  and,  as  by  removing  a 
ick  person  from  a  crowded  tenement  more  can  be  done  toward  freeing  the 
>mm unity  from  danger  than  can  be  accomplished  by  the  strictest  quaran- 
ne,  the  individual  must  yield  to  the  community. 

The  plan  of  appointing  medical  inspectors  for  each  ward  or  school  dis- 
Ict,  on  whom  the  board  can  call  to  examine  the  children  in  a  school  or 
le where,  in  the  event  of  suspected  cases,  has  worked  most  satisfactorily. 
Teral  school  inspections  have  been  made,  and  a  large  number  of  children 
ye  been  examined  at  their  own  homes  by  the  inspectors ;  in  several  in- 
nces  unsuspected  cases  of  disease  have  been  discovered  and  reported  to 
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the  board,  thus  enabling  it  to  take  proper  precautions.  No  complaint  in 
regard  to  the  interference  by  the  inspectors  with  the  work  of  the  family 
physician  has  been  reported,  and  the  board  will  continue  the  system  during 
the  coming  year. 

On  Jan.  1,  1895,  the  board  announced  that  it  would  furnish  antitoxin 
free  of  charge  to  physicians  who  wished  to  use  it  in  the  treatment  of 
diphtheria.  Advantage  was  immediately  taken  of  this  offer,  and  the  board 
continued  to  supply  it  until  the  State  Board  of  Health  was  able  to  meet  all 
demands. 

The  use  of  antitoxin  in  the  treatment  of  diphtheria  may  be  said  to  have 
become  general  in  Newton  after  this  offer  made  by  the  board.  Previous  to 
that  several  cases  had  been  treated  with  it,  but  they  were  too  few  to  permit 
any  inference  to  be  drawn  as  to  its  value.  Since  then  the  board  has  en- 
deavored to  keep  careful  statistics  of  the  results  of  its  use,  and  the  figures 
given  herewith  are  of  great  interest.  To  show  most  conclusively  the  effect 
of  antitoxin  upon  the  death  rate  in  diphtheria,  it  is  necessary  to  compare 
the  rate  in  1895  with  that  of  previous  years.  Starting  in  1890,  it  is  found 
that  the  death  rate  from  diphtheria  in  Newton  is  as  follows :  — 


Yea*. 


Eats. 


1890,     

1891 

1892, 

1893, 

1894 

The  figures  for  1895  are  as  follows : 
1895,     


55 

10 

42 

7 

29 

8 

88 

32 

81 

20 

18.18 
16.66 
27.50 
37.27 
24.69 


9.93 


In  accordance  with  an  order  of  the  city  council,  the  board  considered  the 
subject  of  establishing  a  steam  plant  for  the  disinfection  of  bedding,  mat- 
tresses, etc.,  from  houses  infected  with  contagious  disease.  A  report  on 
this  subject  was  made  early  in  the  spring,  and  the  board  again  calls  atten- 
tion to  the  necessity  for  such  a  plant  in  order  to  prevent  the  spread  of  con- 
tagion through  the  inability  of  the  board  to  properly  disinfect  such  articles. 


Northampton. 

We  have  no  hospital  for  contagious  diseases.  A  suitable  location  for 
one  has  been  found  in  the  rear  of  the  almshouse  property,  across  the  track, 
safe  from  danger  of  contagion.  A  one-story  wooden  building  costing  but 
a  small  sum  is  needed  in  our  city. 
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North  Attleborocgh. 

North  Attleborough  has  enjoyed  a  comparative  freedom  from  diseases  of 
a  contagious  character  daring  the  past  year.  Any  cases  that  have  appeared 
have  been  quarantined  at  once,  when  the  board  has  been  notified  of  their 
existence.  In  each  case,  when  quarantined,  there  has  been  no  spread  of 
the  disease  beyond  the  domicile  where  it  first  made  its  appearance.  The 
neglect  of  one  family  in  failing  to  ascertain  the  true  character  of  the  sick- 
ness of  one  of  its  members  caused  the  board  to  fear  that  there  might  follow 
an  epidemic  of  scarlet  fever,  since  the  child  had  been  allowed  to  mingle 
with  other  children.  Fortunately,  only  one  other  case  followed  as  a  result 
of  this  neglect.  The  board  feels  called  upon  to  once  more  demand  of 
parents  that  they  should  consult  some  competent  authority  in  case  of  any 
suspicious  sickness,  especially  among  children. 

Provincetown. 

The  inspectors  of  the  board  of  health  have  visited  about  eight  hundred 
houses,  and  in  nearly  all  found  marked  improvement  in  condition  over  last 
year.  We  have  also  visited  the  schools,  and  found  the  temperature  quite 
even,  but  the  system  of  ventilation  very  poor  indeed,  and  would  recom- 
mend that  it  be  improved  in  some  way  during  the  coming  year. 

The  vaccination  law  has  been  thoroughly  enforced  in  our  schools,  with 
he  result  that  over  four  hundred  children  have  been  vaccinated ;  each  of 
hese*  together  with  all  those  who  had  been  previously  vaccinated,  was 
resented  with  a  certificate  to  be  given  to  the  superintendent,  that  a  thorough 
ad  complete  record  may  be  kept  of  the  same. 

Quincy. 

One  of  the  earliest  matters  to  receive  the  attention  of  the  board  was  the 
importance  of  improving  the  scavenger  system  of  the  city.  Complaints  by 
citizens  and  the  personal  knowledge  of  the  workings  of  the  old  system  led 
the  board  to  consider  the  desirability  of  adopting  a  more  cleanly  and 
responsible  system  than  had  previously  prevailed.  Testimonials  and  visits 
to  neighboring  cities  where  the  contemplated  system  was  in  practical  work- 
ing order  led  the  board  to  adopt  the  Odorless  Excavating  Company's 
lystem. 

Salem. 

In  two  cases  this  year  it  has  been  necessary  to  close  schools  until  a  com- 
lete  disinfection  could  be  had,  and  books,  pencils,  etc.,  likely  to  spread 
le  infection,  destroyed.  So  little  did  some  persons  realize  the  importance 
!  thus  protecting  the  children,  that  some  adverse  criticism  followed  because 
'the  loss  of  the  value  of  the  books,  which,  however,  was  quite  inconsiderable. 
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The  board  has  encouraged  in  every  practicable  way  the  use  of  the  Dew 
remedy,  antitoxin,  and  with  very  gratifying  results.  The  length  of  the 
disease,  in  cases  where  this  remedy  was  used,  has  been  much  reduced,  and 
in  some  cases  lives  have  been  saved  which  in  all  probability  would  have 
been  lost  under  any  other  treatment.  Of  the  four  fatal  cases,  two  were 
treated  in  this  way  and  two  were  not. 

SOMERVILLE. 

Number  of  nuisances  abated, 814 

Number  of  nuisances  referred  to  board  of  1896,  ....  173 

Number  of  nuisances  complained  of, 987 

Number  of  complaints  (many  covering  more  than  one  nuisance),  507 

Number  of  notices  mailed, 480 

Number  of  notices  served  by  constables, 19 

In  addition  to  the  above,  many  nuisances  have  been  abated  on  verbal 
notice  from  the  agent  without  action  by  the  board,  and  of  which  no  record 
has  been  made. 

Six  cases  of  glanders  have  occurred  during  the  year.  Prompt  action 
was  taken  in  every  case,  and  the  horses  have  been  killed. 

Taunton. 

The  board  has  advocated  the  isolation  of  suspected  cases  of  diphtheria, 
especially  where  there  are  two  or  more  children  in  the  family  or  house, 
without  waiting  for  a  full  development  of  the  disease. 

Early  in  the  year  the  board  of  health  invited  the  co-operation  of  the 
school  teachers  to  aid  in  preserving  the  public  health.  To  this  end  printed 
postal  cards  directed  to  the  board  of  health  were  distributed  to  each  teacher, 
whereon  they  were  to  indicate  the  absence  of  any  pupil  with  suspected  ill- 
ness. Upon  receipt  of  the  card  the  physician  of  the  board  visited  the 
scholar.  A  large  number  of  cases  so  indicated  have  been  examined,  and, 
while  a  large  majority  of  cases  found  were  of  the  kind  incident  to  child- 
hood, suspicious  cases  of  contagious  disease  have  been  found,  the  child 
isolated  and  children  in  the  house  kept  from  school. 

Wakefield. 

Regulations  for  the  inspection  and  testing  of  plumbing  work  were  made 
and  have  been  enforced.  The  result  has  been  highly  satisfactory,  the 
quality  of  the  work  done  being  so  much  improved  as  to  far  outweigh  the 
additional  cost  to  the  town  of  having  the  inspections  made.  We  wish  to 
impress  upon  the  town  the  absolute  necessity  of  some  sewerage  system  in 
the  very  immediate  future,  as  there  are  in  certain  portions  of  the  town 
nuisances  that  cannot  be  entirely  abated  under  present  conditions. 
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Waltham. 

The  careful  precautions  taken  in  regard  to  suspicious  throat  cases  have 
been  observed  throughout  the  year.  Cultures  have  been  taken  from  all 
suspicious  cases,  at  the  request  of  the  physician  in  charge,  and  quite  a 
number  of  cases  that  would  have  passed  as  non-contagious  were  proved 
contagious  and  properly  isolated. 

No  case  of  diphtheria  has  been  let  out  of  quarantine  until  a  bacteriological 
test  of  the  throat  has  proved  the  absence  of  the  diphtheria  bacillus.  During 
the  year  605  cultures  have  been  taken,  and  the  result  of  the  bacteriological 
examination  communicated  to  the  physician  in  charge.  The  bacteriological 
laboratory  of  the  Waltham  Hospital  has  continued  to  serve  the  city  by  freely 
accommodating  the  board  of  health.  There  were  115  cases  of  diphtheria 
during  the  year,  with  3  deaths,  giving  a  very  low  mortality  rate,  which 
remarkable  result  was  evidently  due  to  the  beneficial  action  of  antitoxin, 
and  also  to  the  many  mild  cases  which  might  have  passed  unnoticed  but 
for  the  bacteriological  test. 

* 

At  the  beginning  of  the  present  year  this  board  notified  the  physicians  of 
Waltham  that  free  examinations  of  sputum  for  the  bacilli  of  tuberculosis 
would  be  made  by  the  physician  of  the  board.  As  a  result  52  specimens 
of  sputum  were  sent  to  the  board,  and  a  careful  microscopic  examination 
made.  The  board  also  offered  to  disinfect  after  the  death  or  removal  of 
jases  of  consumption,  when  requested  to  do  so  by  the  physician  in  charge 
>r  the  family. 

In  June,  1895,  a  somewhat  different  process  of  disinfection  of  rooms  and 
furniture  was  begun.  Reliance  is  no  longer  placed  in  fumigation,  but  in 
the  most  painstaking  cleansing  of  every  part  of  the  room  and  furniture. 
Five  per  cent,  solution  of  carbolic  acid  is  used  as  a  germicide.  The  city  is 
in  great  need  of  a  disinfecting  station,  where  clothing  and  bedding  can  be 
disinfected  by  dry  or  superheated  steam. 

Watertown. 

For  the  first  time  the  care  of  all  sanitary  matters,  which  includes  the 
bath-house,  was  assumed  by  the  board  of  health.  It  was  thought  wise  in 
the  management  of  the  bath-house  to  reserve  it  two  afternoons  a  week  for 
the  use  of  women.  For  that  purpose  a  woman  was  appointed  to  take 
jharge  of  the  bath-house  during  those  afternoons.  The  plan  has  worked 
veil  and  will  be  continued. 

During  the  year  the  connection  of  all  available  premises  with  the  com- 
aon  sewer  has  progressed  very  favorably.  At  every  meeting  of  the  board 
f  health  a  number  of  premises  have  been  ordered  to  be  connected  with  the 
3wer,  and  almost  uniformly  the  requests  of  the  board  have  been  complied 
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Westfield. 

One  hundred  and  eighty-nine  nuisances  have  been  abated  daring  the 
year.  Fifteen  water-closets  so  located  as  to  be  considered  nuisances  have 
been  ordered  connected  with  the  sewer. 

We  feel  that  the  time  has  fully  come  when  responsible  persons  should  he 
employed  to  remove  garbage  from  the  streets  and  yards  at  least  three  times 
a  week  during  the  warm  season. 

Westford. 

The  use  of  antitoxin  both  as  a  cure  and  preventive  of  diphtheria  has 
come  into  prominence  and  considerable  use.  We  have  been  able  to  arrange 
for  a  supply  from  the  State  Board  of  Health  through  the  city  of  Lowell,  and 
in  all  necessary  cases  it  can  be  used.  Five  patients  have  been  treated  with 
it  during  the  year,  with  the  following  results :  2  cases  membranous  croup 
(diphtheritic) ,  1  recovery ;  1  case  diphtheria,  recovery ;  2  cases  as  a  pre- 
ventive, successful. 

Whitman. 

During  the  past  year  seventy-three  complaints  were  entered  and  attended 
to,  thirty-six  quarantine  cards  posted,  and  many  other  calls  made  and  places 
investigated  where  no  complaints  have  been  made. 

The  row  of  dwelling-houses  on  Park  Avenue,  back  of  which  lies  Hobaifs 
Pond,  were  nearly  all  found  to  be  emptying  their  sink  waste  and  sewage 
directly  into  the  pond.  Such  a  condition  is  in  direct  opposition  to  the  laws 
of  the  State  as  well  as  public  safety,  hence  the  nuisance  was  discontinued. 

Woburn. 

The  use  of  antitoxin  was  introduced  and  supplied  free  of  charge  to 
physicians  who  wished  to  use  it  in  their  practice.  Its  use  has  become  gen- 
eral in  Woburn,  and  the  results  are  very  satisfactory  to  the  board.  There 
is  no  doubt  in  the  minds  of  the  members  of  the  board  of  health  that  its 
timely  use  has  prevented  an  alarming  death  rate  from  diphtheria  in  Woburn 
during  the  last  four  months  of  the  year. 

Worcester. 

Number  of  complaints  for  the  year  ending  Dec.  31,  1895,  1,602. 

Nearly  seven  hundred  cultures  have  been  examined  during  the  year, 
showing  how  largely  physicians  have  availed  themselves  of  the  use  of  this 
department. 

The  city  council  selected  and  purchased  a  lot  for  an  isolation  hospital. 

The  office  of  the  board  is  now  open  every  day  in  the  year ;  the  hours 
Sundays  and  holidays  are  between  12  and  1  p.m.  It  was  found  necessary 
to  make  this  addition  to  the  office  hours  in  order  that  the  undertakers  should 
be  subjected  to  no  delay  in  procuring  burial  permits,  and  also  that  culture 
tubes  for  diphtheria  might  be  provided  for  and  received  from  physicians. 
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The  following  group  of  figures  presents  the  general  death  rate  per 
1,000,  and  the  combined  death  rate  per  10,000,  from  scarlet  fever, 
diphtheria  and  croup,  typhoid  fever,  cholera  infantum  and  con- 
sumption, in  a  group  of  contiguous  towns  lying  mostly  in  the 
metropolitan  district,  and  for  a  period  of  four  years,  1891-94.  None 
of  the  number  had  a  general  death  rate  of  more  than  20  per  1,000, 
and  the  mean  annual  death  rate  of  the  group  was  17.1  per  1,000  of 
the  estimated  living  population. 


Four  Tears  (1891-94). 


Qeneral 

Death  Rate 
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Death  Rate 
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Mean  rate  for  the  district, 
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Numbers  of,  in  Lawrence  sewage ".  447,  448 

Numbers  of,  in  Framingham  sewage 453,  456 

Numbers  of,  in  Marlborough  sewage 453,  455 

Numbers  of,  in  Worcester  State  Lunatic  Hospital  sewage     •         .        .  452,  454 
Bacteria  in  sewage  and  waters,  methods  employed  at  the  Lawrence  Experi- 
ment Station  for  the  quantitative  determination  of  585 
Bacterial  purification  by  experimental  sewage  filters     .        .        •        •        .  462 

By  experimental  water  filters 509 

Bacteriological  work  and  organization  of  department xxiii 

Baddacook  Pond,  Groton,  examination  of  water  of 164 

Bannister  Brook,  Framingham,  examination  of  water  of     ...        .  618 

Barre,  water  supply  of 95 

Bassett  Brook,  Adams,  examination  of  water  of 79 

Bassett  Brook,  Easthampton,  examination  of  water  of         ...        .  148 

Belmont,  consumption  of  water  in  (see  Watertown) 420 

Health  of 755 

Water  supply  of  (see  Watertown) 95 

Berlin,  Gates  Pond,  heights  of  water  in 182 

Examination  of  water  of 181 

Beverly,  consumption  of  water  in 419 

Water  supply  of  (see  Salem) 95 

Big  Sandy  Pond,  Pembroke,  examination  of  water  of 77 

Billerica,  health  of "55 

Advice  of  Board  with  reference  to  water  supply 14 

Nutting's  Pond,  examination  of  water  of 96 

Birch  Pond,  Lynn,  examination  of  water  of 209 

Births  and  birth  rates,  1885-94 lv 

By  sexes,  1891-94 Ivi 

By  months,  1894 W 

By  counties,  1891-94 lvii 

Illegitimate,  1891-94 lvii 

Plural,  1891-94 lviii 

Still-births lviii 

Blackstone,  health  of 755 

Blackstone  River,  examination  of 360 

AtMillbury 374 

At  Millville 3G2,  363,  367 

At  Uxbridge 3G2,  364,  366 

Above  Worcester  Sewage  Purification  Works        .        .                 .         .  362-364 

Below  Worcester  Sewage  Purification  Works 362-364 
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tstone  River  at  Millbury,  pollatioD  of,  advice  of  Board        ...  67 
sstone  Kiver  and  Worcester  Sewage  Purification  Works,  special  exam- 
ination of        367-392 

Hill  River  at  Brain  tree,  examination  of  water  of 285 

on,  consumption  of  water  in 419 

Health  of • 756 

Water  supply  of,  examination  of    .                        97 

Sudbury  River  supply,  — 

Indian  Brook  at  head  of  Reservoir  No.  6,  Hopkinton     ...  98 

Reservoir  No.  6,  Ashland 98,  100 

Cold  Spring  Brook  at  head  of  Reservoir  No.  4,  Ashland        .        .  102 

Reservoir  No.  4,  Ashland 103,  105 

Sudbury  River  at  head  of  Reservoir  No.  2,  Ashland        .        .        .  106 

Reservoir  No.  2,  Framingham 107 

Walker's  Brook,  Marlborough 109 

Stony  Brook  at  head  of  Reservoir  No.  3,  Southborongh         .  110 

Reservoir  No.  3,  Framingham HI 

Cochituate  supply,  — 

Lake  Cochituate,  Wayland 118 

Water  from  faucet,  Massachusetts  Institute  "of  Technology  .        •  115 
Mystic  supply,  — 

Mystic  Lake 117 

Faucet  in  Charlestown  district 119 

Stony  Brook,  examination  of  water  of 412 

Heights  of  water  in  lakes  and  storage  reservoirs 119 

omly  Pond,  Pax  ton,  examination  of  water  of 358 

id  Brook,  Scituate,  examination  of  water  of 142 

Brook,  Shirley,  examination  of  water  of 299 

Iford,  consumption  of  water  in 419 

Water  supply  of,  advice  of  Board 15 

Examination  of 119 

l  diseases,  mortality  from lxv,  lxvli 

ltree,  Blue  Hill  River  at,  examination  of  water  of         ....  285 

Consumption  of  water  in 419 

Water  supply  of,  examination  of 121 

t  Rock,  Marsh  field,  water  supply  of,  examlnation^of     ....  225 

1's  Pond,  Lynn,  examination  of  water  of 207 

jewater,  State  Farm  at,  advice  of  Board  relative  to  sewage  dis- 
posal of •  67 

ffater  supply  of,  examination  of 122 

jewater  and  East  Bridge  water,  consumption  of  water  in      .        •        •  419 

d  Brook,  North  Adams,  examination  of  water  of 254 

kton,  comsuinptton  of  water  in       ...#...  419 

Icalthof 768 

towage  disposal  of 604 

Advice  of  Board 62 

Water  supply  of,  examination  of 125 

lefghts  of  water  in  Salisbury  Brook  storage  reservoir ....  123 

kfleld,  water  supply  of,  examination  of 125 

kdvice  of  Board 16 


788  INDEX. 

Plil 

Brookline,  consumption  of  water  in .  419 

Health  of 763 

Water  supply  of,  examination  of .  128 

Charles  River,  opposite  filter  gallery  at  West  Roxbury        ...  129 

Brook's  Pond,  Spencer,  examination  of  water  of 300 

Brown's  Pond,  Peabody,  examination  of  water  of 273 

Buckmaster  Pond,  Dedham,  examination  of  water  of  .                           .         .  267 

Bull  Brook,  Ipswich,  examination  of  water  of 189 

Butter,  inspection  of .    645, 668 

Cady  Pond,  Groton,  examination  of  water  of 166 

Cambridge,  consumption  of  water  in 419 

Health  of 764 

Water  supply  of,  examination  of 130 

Heights  of  water  in  pond  and  reservoir 135 

Cancer,  mortality  from lxv,  Ixvil 

Canton,  consumption  of  water  in 419 

Health  of 765 

Cape  Pond,  Rockport,  examination  of  water  of 291 

Cassia,  inspection  of 672 

Cat  Brook,  Manchester,  examination  of  water  of 221 

Cayenne,  inspection  of 673 

Cedar  Brook,  Lynn,  examination  of  water  of 216 

Charles  River,  examination  of  water  of                393 

At  Medway 230 

AtMIlford 393 

At  West  Roxbury 129 

Chauncy  Pond,  Westborough,  examination  of  water  of        ...  332 

Pollution  of      .                         70 

Chebacco  Lake,  Essex  and  Hamilton,  examination  of  water  of    .  150 

Cheese,  inspection  of 668 

Chelsea,  consumption  of  water  in  (see  Boston,  Mystic  Works)   ...  419 

Water  supply  of  (see  Boston,  Mystic  Works) 135 

Chemical  precipitation  of  sewage  by  sulphate  of  alumina     ....  450 

Purification  of  sewage  by  experimental  filters  at  Lawrence  ...  461 

Cheshire,  water  supply  of,  examination  of 135 

Chester,  water  supply  of,  examination  of 136 

Chicopee,  health  of 766 

Milk  of 684 

Water  supply  of,  examination  of 136 

Cholera  infantum,  mortality  from Ixiv,  lxri 

Cities  and  towns,  advised  with  regard  to  water  supply  and  sewerage  8 

Consumption  of  water  in 419.  420 

Date  of  construction  of  water  works  in 418 

Number  of,  having  public  water  supplies 417 

Sewage  purification  of •  601 

Clinton,  health  of    .                                   766 

Water  supply  of,  examination  of 139 

Cloves,  inspection  of 672 

Cochituate  Lake  (Boston  Water  Works),  examination  of  water  of  US 

Coffee,  inspection  of 673 
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consumption  of  water  in 419 

i  of 766 

supply  of,  examination  of 140 

ice  of  Board 17 

k  Station,  Barre,  examination  of  Ware  River  at  .        .        .        .  4 IS 

ig  Brook,  Ashland,  examination  of  water  of 102 

ig  Brook  at  Mlllbury,  examination  of  water  of     ...        .    886,  387 

ig  Reservoir,  WWiamstown,  examination  of  water  of  .        .        .  886 

lealth  of 766 

ad  Lincoln,  water  supply  of,  examination  of        ...        .  143 

ad  Sudbury  rivers,  report  on  improvement  of       ...  xxxix 

ion,  mortality  from lxiv,  ixvi 

ence  of xv 

ar  upon  consumption xv 

ture xv 

lions  which  favor  its  spread xvi 

itive  measures xvif 

Mil  of  sputa xviii 

ection xix 

y  summary  of  deaths 717 

ion  of  water  in  various  cities  and  towns,  statistics  relating  to     .  419 

bensils,  inspection  of 646 

>ok  and  Cooley  Brook  Reservoir,  Chicopee,  examination  of  water 

of 186 

William  R.  (and  George  W.  Fuller),  methods  employed  for  the 

quantitative  determination  of  bacteria  in  sewage  and  waters       .  585 

ty,  consumption  of  water  in 419 

i  of 767 

supply  of,  examination  of 145 

ver  at  Dan  vers,  examination  of 893 

artar,  inspection  of        . 678 

ke,  Gardner,  examination  of  water  of 159 

ke,  Haverhill,  examination  of  water  of 169 

.ke,  Wakefield,  examination  of  water  of 316 

e  District,  Dalton,  water  supply  of 145 

iealth  of 768 

nation  of  Crane's  River  at 893 

;e  disposal  of,  advice  of  Board 62 

ad  Middleton,  consumption  of  water  in 419 

tai  reported  mortality,  1895 716 

five  years,  reported,  1895 716 

ary  of  weekly  mortality  reports  from  cities  and  towns        .        .  712 
is  of,  from  cities  and  towns  having  a  population  of  more  than 

5,000 735-750 

typhoid  fever  in  Lawrence,  1885-95 7 

1  death  rates,  1885-94 lix 

:es lix 

►nths,  1894 lx 

inties,  1891-94 lxl 

i  of  death lxl 
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Deaths  and  death  rates  —  Concluded. 

From  ten  prominent  causes  (table) lxii 

Statistics  of  certain  causes  of  death,  1875-94  (table)     .        .         .         lxiv-lxviii 

Dedham,  consumption  of  water  in         .......         .  419 

Buckmaster  Pond,  examination  of  water  of 267 

Health  of 768 

Water  supply  of,  examination  of 146 

Deerfield  River,  examination  of 395 

Diarrhoeal  diseases,  weekly  summary  of  deaths 721 

Dighton  and  Somerset,  advice  of  Board  in  relation  to  water  supply    .         .  18 

Examination  of  water  with  reference  to  proposed  water  supply    .        .  147 

Dike's  Brook  storage  reservoir,  Gloucester,  examination  of  water  of          .  160 

Dingle  Brook  Reservoir,  Chicopee,  examination  of  water  of  137 

Diphtheria,  use  of  antitoxin  in 689 

Diphtheria  and  croup,  mortality  from lxiv,  lxvi 

Weekly  summary  of  deaths 719 

Reported  cases  of 725 

Disposal  of  waste  liquors  from  industrial  works 469 

Doane  Pond,  North  Brookfield,  examination  of  water  of     ...        .  2B2 

Dorothy  Brook,  MillviUe,  examination  of  water  of 386,  887 

Dows  Brook,  Ipswich,  examination  of  water  of 187 

Dow's  Brook  storage  reservoir,  Ipswich,  examination  of  water  of              .  188 

Drags,  inspection  of 677 

Adulteration  of 647 

Dry  Brook,  Adams  and  Cheshire,  examination  of  water  of  ...  80 

Dug  Pond,  Natick,  examination  of  water  of          ......  241 

East  Bridgewater,  consumption  of  water  in  (see  Bridge  water)    ...  419 

Easthampton,  water  supply  of,  examination  of 148 

East  Meadow  River,  Haverhill,  examination  of  water  of      ...        .  171 

Easton,  consumption  of  water  in    . 419 

Easton,  North  Easton  Village  District,  water  supply  of,   examination 

of 149 

Edgartown,  advice  of  Board  in  relation  to  water  supply       ....  20 

Examination  of  water  with  reference  to  proposed  water  supply   .        .  149 

Elder's  Pond,  Lakeville,  examination  of  water  of 311 

Erysipelas,  mortality  from lxviii 

Weekly  summary  of  deaths 721 

Essex,  Chebacco  Lake,  examination  of  water  of 150 

Everett,  consumption  of  water  in  (see  Boston,  Mystic  Works)     ...  419 

Health  of 76$ 

Water  supply  of,  examination  of  (see  Boston,  Mystic  Works)       .        .  150 

Examination  of  rivers 359 

Examination  of  water  supplies 75 

Examinations  of  water  made  during  1895 5 

Exhibit  of  the  Board  at  the  Atlanta  (Ga.)  Exposition xxv 

Expenditures xxxiii 

Experiments  upon  the  purification  of  sewage  by  filtration  at  the  Lawrence 

Experiment  Station 445-503 

Experiments  upon  the  purification  of  water  by  filtration  at  the  Lawrence 

Experiment  Station 504-581 
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alrhaven,  consumption  of  water  in 419 

Sewage  disposal  of,  advice  of  Board 68 

Water  supply  of,  examination  of 151 

all  Brook,  Leominster,  examination  of  water  of 201 

all  River,  consumption  of  water  in 419 

Health  of 769 

Water  supply  of,  examination  of 151 

liters,  experimental,  for  sewage  purification  at  Lawrence  ....  473 

Experimental,  for  water  purification  at  Lawrence         ....  505 

Isk  Brook,  Adams,  examination  of  water  of 82 

Uchburg,  health  of 770 

Nashua  River  at,  examination  of 403 

Water  supply  of,  examination  of 152 

Ive-mile  River,  Brookfleld,  examination  of  water  of 126 

lora  Glen  Brook,  Williamstown,  examination  of  wateifof         .        .        .  337 

low  of  streams 428 

'ood  and  drug  inspection xxii,  639 

Number  of  samples  examined 639 

Summary  of  work  done  during  the  year 689 

Summary  of  work  of  previous  years 641,642 

Adulterated  milk 643 

Local  inspection  of  milk 645 

Food,  other  than  milk 645 

Drugs        .                 647 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated 

milk 648 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated 

food,  other  than  milk 649 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated 

drugs 649 

Expenditures 655 

Fines 655 

Prosecutions 650 

Summary 658 

Report  of  Dr.  C.  P.  Worcester  on  analyses  of  food  and  drugs     .        .  659 

Report  of  Prof.  C.  A.  Ooessmann  on  the  milk  of  western  Massachusetts  683 

fort  Pond,  Littleton,  examination  of  water  of 78 

fort  Pond,  Shirley,  examination  of  water  of 299 

fort  River,  examination  of  water  of 604 

foxborough,  consumption  of  water  in 419 

foxborough  Water  Supply  District,  water  supply  of,  examination  of         .  155 

'ramingham,  consumption  of  water  in 419 

Health  of 771 

Sewage  disposal  at 608 

Advice  of  Board 63 

Reservoir  No.  2,  Boston  Water  Works,  examination  of  water  of  .        .  107 

Reservoir  No.  3,  Boston  Water  Works,  examination  of  water  of  .        .  Ill 

Water  supply  of,  examination  of 156 

Under- drains  beneath  sewers,  examination  of  water  of          ...  157 

franklin,  consumption  of  water  in 420 

Water  supply  of,  examination  of 158 
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French  River,  examination  of 395 

Fresh  Pond,  Cambridge,  examination  of  water  of 130 

Fuller,  George  W.  (and  W.  R.  Copeland),  methods  employed  for  the  quan- 
titative determination  of  bacteria  in  sewage  and  waters      .        .  585 
Fulling  Mill  Pond,  Hingham,  examination  of  water  of         ...        .  173 
Furnace  Pond,  Brookfleld,  examination  of  water  of 126 

Gardner,  consumption  of  water  in 420 

Health  of 771 

Sewage  disposal  at 618 

Water  supply  of,  examination  of 159 

Gates  Pond,  Berlin,  examination  of  water  of 181 

General  report vil 

Ginger,  inspection  of 673 

Glen  Lewis  Pond,  Lynn,  examination  of  water  of 212 

Gloucester,  consumption  of  water  in 420 

Health  of 771 

Water  supply  of,  examination  of 160 

Advice  of  Board 20 

Goessmann,  Prof.  C.  A.,  report  on  milk  of  western  Massachusetts     .  683 

Grafton,  consumption  of  water  in 420 

Water  supply  of,  examination  of 163 

Great  Pond,  Randolph  and  Brain  tree,  examination  of  water  of    .        .        .  286 

Great  Pond,  Weymouth,  examination  of  water  of        ....  335 

Great  Quittacas  Pond,  Lakevllle,  examination  of  water  of   ...        .  247 

Greenfield,  milk  of 685 

Water  supply  of 164 

Advice  of  Board 23 

Green  Pond,  Montague,  examination  of  water  of 235 

Green  River,  Cohasset,  examination  of  water  of 142 

Groton,  advice  of  Board  in  relation  to  water  supply 24 

Examination  of  water  with  reference  to  proposed  water  supply   .         .  164 

Haggett's  pond,  Andover,  examination  of  water  of 86 

Hatfield,  advice  of  Board  in  relation  to  water  supply 25 

Examination  of  water  with  reference  to  proposed  water  supply    .         .  168 

Haverhill,  health  of 771 

Water  supply  of,  examination  of 168 

Advice  of  Board 26 

Examination  of  Merrimack  River 401 

Haynes  Reservoir,  Leominster,  examination  of  water  of      ...  199 

Head,  effect  of  loss  of,  upon  bacterial  purification  of  water  ....  515 

Loss  of,  daily  results 575-5*1 

Health  of  towns xxx.  753 

Heart  diseases,  mortality  from Ixv,  lxvii 

Heights  of  water  in  ponds  and  reservoirs : 

Boston  Water  Works,  lakes  and  storage  reservoirs        ....  119 

Brockton,  Salisbury  Brook  storage  reservoir 125 

Cambridge,  pond  and  reservoir 135 

Hudson,  Gates  Pond  (Berlin) 181 

Lynn  and  Saugus,  ponds  and  storage  reservoirs 216 
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[eights  of  water  in  ponds  and  reservoirs  —  Concluded. 

Maiden,  Medford  and  Melrose,  Spot  Pond  (Stoneham)  ....  218 

Natick,  Dug  Pond 243 

New  Bedford,  Acushnet  Reservoir  and  Little  Quittacas  Pond        .        .  248 

Norwood,  Buckmaster  Pond  (Dedham) 268 

Quincy,  storage  reservoir 286 

Salem  and  Beverly,  Wen  ham  Lake 296 

Springfield,  Ludlow  Reservoir 306 

Worcester,  Leicester  and  Holden  storage  reservoirs      ....  856 

iingham  and  Hull,  water  supply  of,  examination  of 171 

[insdale  Fire  District,  Hinsdale,  water  supply  of,  examination  of       .        .  174 

[obb's  Brook,  Waltham,  examination  of  water  of 134 

[olbrook,  consumption  of  water  in  (see  Randolph) 420 

Water  supply  of  (see  also  Randolph)       .......  175 

iolden,  advice  of  Board  in  relation  to  water  supply 28 

Examination  of  water  from  Pine  Hill  Reservoir 175 

Examination  of  water  from  Quinepoxet  River 404 

olliston,  consumption  of  water  in 420 

Water  supply  of,  examination  of 176 

ollow  Brook,  Lanesborough,  examination  of  water  of                        .        .  278 

[olyoke,  health  of 772 

Milk  of 684 

Water  supply  of,  examination  of    .        .        .        .        .        .        .        .  177 

Advice  of  the  Board 29 

!oney,  inspection  of 673 

oosac  River,  examination  of,  at  Adams 82 

At  Williamstown 396 

opkinton,  consumption  of  water  in 420 

orn  Pond,  Woburn,  examination  of  water  of 345 

ousatonic  River,  examination  of,  at  New  Lenox 397 

adson,  water  supply  of,  examination  of 181 

Heights  of  water  in  Gates  Pond,  Berlin 182 

nil,  water  supply  of  (see  Hingham) 183 

yde  Park,  consumption  of  water  in 420 

Health  of 772 

yde  Park  and  Milton,  water  supply  of,  examination  of      ...  183 

egitimate  births.     (See  Births  ) 

iprovement  of  Concord  and  Sudbury  rivers xxxix 

jian  Brook.  Hopkinton .  98 

fectious  diseases          * ix 

Small-pox ix 

Typhoid  fever x 

Malarial  fever .  xiv 

Consumption xv 

Notification  of xxiii 

Cases  of,  reported  to  the  Board,  1895 722 

tection  of  food  and  drugs.     (See  Food  and  Drug  Inspection.) 

national  and  Interstate  vital  statistics    .......  li 

rich,  health  of • 772 

Water  supply  of ,  examination  of     ...                ....  \&l 
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Kenoza  Lake,  Haverhill,  examination  of  water  of 169 

Kimball's  Pond,  Amesbury,  examination  of  water  of 85 

Kingston,  water  supply  of,  advice  of  Board 30 

Examination  of 190 

Kidney  diseases,  mortality  from lxv,  lxvii 

Lard,  inspection  of 646.  668 

Lawrence  Experiment  Station,  detailed  account  of  work  at,  in  1895    .         .     445-681 
Lawrence  city  filter,  operation  of,  with  tables  of  daily  results     .         .         .     571-5^1 

Lawrence,  consumption  of  water  in 420 

Water  supply  of,  examination  of 190 

Merrimack  River  at,  examination  of  water  of    .       195,  400,  526,  527,  529,  571 

Flow  of  Merrimack  River 195 

Lead  poisoning xxiv 

Lee,  health  of 773 

Leicester,  water  supply  of,  examination  of 196 

Advice  of  Board 32 

Lenox,  water  supply  of 196 

Leominster,  water  supply  of,  examination  of 196 

Advice  of  Board 33 

Lexington,  consumption  of  water  in 420 

Health  of 773 

Water  supply  of,  examination  of 201 

Lily  Pond,  Cohasset,  examination  of  water  of 142 

Lily  Pond,  Edgartown,  examination  of  water  of 149 

Lincoln,  water  supply  of  (see  Concord) 202 

Little  Chauncy  Pond,  Westborough,  examination  of  water  of               .  332 

Little  Quittacas  Pond,  Lakeville,  examination  of  water  of  ...  246 

Little  South  Pond,  Plymouth,  examination  of  water  of        ...  2*0 

Local  boards  of  health xix 

Act  providing  for  election  of xi 

Local  nuisances xxi 

Longham  Brook  Reservoir,  Salem  and  Beverly,  examination  of  water  of   .  295 

Longmeadow,  consumption  of  water  in 420 

Water  supply  of 202 

Long  Pond,  Lakeville,  examination  of  water  of 24$ 

Lowell,  consumption  of  water  in .  420 

Health  of 773 

Water  supply  of,  examination  of 203 

Advice  of  Board .  35 

Merrimack  River,  examination  of  water  of 204,  399 

Lower  Sandra  Reservoir,  Westborough,  examination  of  water  of  330 

Ludlow,  water  supply  of  (see  Springfield) 207 

Ludlow  Reservoir,  Springfield,  examination  of  water  of      ...  303 

Lulu  Brook,  Pittsfleld,  examination  of  water  of 27$ 

Lung  diseases,  acute,  weekly  summary  of  deaths.        .....  71$ 

Lynde  Brook  storage  reservoir,  Worcester,  examination  of  water  of  .        .  347 

Lynn,  health  of 774 

Lynn  and  Saugus,  consumption  of  water  in 420 

Water  supply  of,  examination  of  • 207 

Heights  of  water  in  ponds  and  storage  reservoirs 216 
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Mace,  inspection  of 673 

Magog  Brook  and  Magog  Pond,  Acton,  examination  of  water  of  78 

Malarial  fever,  mortality  from lxviii 

Prevalence  of xiv 

Weekly  summary  of  deaths      .                                 721 

Maiden,  consumption  of  water  in 420 

Water  supply  of,  examination  of 219 

Maiden,  Medford  and  Melrose,  water  supply  of,  examination  of          .        .  217 

Heights  of  water  in  Spot  Pond 218 

Manchester,  consumption  of  water  in 420 

Water  supply  of,  examination  of 220 

Manhan  Brook,  Southampton,  examination  of  water  of        ....  180 

Mansfield,  consumption  of  water  in 420 

Mansfield  Water  Supply  District,  Mansfield,  water  supply  of,  examination 

of 221 

Manual  of  health  laws xxvl 

Maple  sugar,  inspection  of 646,  674 

Maple  syrup,  inspection  of 646,  674 

Marblehead,  consumption  of  water  in 420 

Water  supply  of,  examination  of 221 

Marlborough,  consumption  of  water  in 420 

Health  of 775 

Sewage  disposal  at 624 

Examination  of  water  of  Walker's  Brook  (Boston  Water  Works)        .  109 

Water  supply  of,  examination  of 222 

Marriages  and  marriage  rates,  1885-94 Mil 

By  counties,  1891-94 llii 

By  ages,  1891-94 .  liv 

By  months,  1894 lv 

Martin's  Pond,  Groton,  examination  of  water  of 166 

Massachusetts,  vital  statistics  of,  1894 xlix 

Mattapan,  examination  of  Neponset  River  at 411 

May  Brook,  Pittsfleld,  examination  of  water  of 279 

Maynard,  consumption  of  water  in 420 

Water  supply  of,  examination  of 225 

Measles,  mortality  from lxiv,  lxvi 

Weekly  summary  of  deaths 720 

Reported  cases  of 725,  726 

Med  field,  examination  of  water  from  a  spring 226 

Sewage  disposal  at 632 

Medfleld  Insane  Asylum,  water  supply  of,  examination  of  .        .        .        .  227 

Medford,  health  of 776 

Water  supply  of,  examination  of  (see  also  Maiden,  Medford  and^Mel- 

rose) 227 

Under-drains  beneath  sewers,  examination  of  water  of  229 

Meeting- House  Pond,  Westminster,  examination  of  water  of      .        .        .  154 

iledical  examiners,  returns  of lxviii 

A edway,  examination  of  water  from  test  wells  and  spring  ....  229 

From  Charles  River 230 

Melrose,  consumption  of  water  in 420 

Health  of 776 
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Melrose —  Concluded. 

Water  supply  of,  examination  of  (see  also  Maiden,  Medford  and  Mel- 
rose)         230 

Merrimack  River,  examination  of  (see  also  Lawrence  and  Lowell)      .         •  397 
At  Lawrence     .......       191,  195,  400,  526,  527,  529,  571 

At  Lowell 399,  204 

Average  weekly  flow  of 429 

Flow  of,  at  Lawrence 195 

At  Haverhill 401 

Methods  employed  for  the  quantitative  determination  of  bacteria  In  sewage 

and  waters 585 

Methuen,  consumption  of  water  in 420 

Water  supply  of,  examination  of 231 

Middleborough,  consumption  of  water  in 4*20 

Middleborough  Fire  District,  Middleborough,  water  supply  of,  examina- 
tion of 238 

Middleton,  consumption  of  water  in  (see  Danvers) 419 

Milford,  consumption  of  water  in 420 

Water  supply  of 233 

Examination  of  Charles  River  at 393 

Milk: 

Adulterated 643 

Inspection  of 659 

From  cities,  660;  from  towns,  661 ;  from  suspected  producers,  662. 

Table  showing  quality  of,  by  months 659 

Milk,  condensed,  inspection  of 604 

Millbury,  pollution  of  Blackstone  River  at,  advice  of  Board        ...  67 

Examination  of  Blackstone  River  at 374 

Water  supply  of 234 

Miller's  Falls,  Montague,  advice  of  Board  in  relation  to  water  supply          .  37 

Examination  of  water  with  reference  to  proposed  water  supply    .         .  235 

Mlllham  Brook,  Marlborough,  examination  of  water  of                .         .         .  224 

Millham  Brook  storage  reservoir,  Marlborough,  examination  of  water  of  .  225 

Millls,  water  supply  of,  examination  of 234 

Millville,  examination  of  Blackstone  River  at 3*. 7,  392 

Milton,  consumption  of  water  in 420 

Molasses,  inspection  of 673 

Monson,  water  supply  of 235 

Montague,  consumption  of  water  in 420 

Examination  of  water  with  reference  to  proposed  water  supplies          .  235 

Montague,  Village,  advice  of  Board  In  relation  to  water  supply  ...  37 

Montague,  Miller's  Falls,  advice  of  Board  in  relation  to  water  supply         .  37 

Montague,  Turner's  Falls  Fire  District,  water  supply  of,  examination  of    .  237 

Morse  Reservoir,  Leominster,  examination  of  water  of         ...  197 
Mortality  reports : 

Statistics  of  disease  and  mortality 711 

Summary  of  weekly  reports  of  cities  and  towns 712 

Total  deaths 716 

Deaths  of  children  under  five  years 716 

Acute  lung  diseases 718 

Consumption 717 
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Mortality  reports —  Concluded. 

Diarrhoeal  diseases 721 

Diphtheria  and  croup 719 

Measles 720 

Scarlet  fever 720 

Typhoid  fever 719 

Whooping-cough,  malarial  fever,  erysipelas  and  puerperal  fever  .        .  721 

Morton  Brook  Reservoir,  Chicopee,  examination  of  water  of  137 

Muddy  Cove  Brook,  Dighton,  examination  of  water  of        ...  147 

Mumford  River  at  Uxbridge,  examination  of 390,  391 

Muschopauge  Lake,  Rutland,  examination  of  water  of          ....  292 

Mustard,  inspection  of 673 

Mystic  Lake  (Boston  Water  Works),  examination  of  water  of    .        .        .  117 

Nahant,  consumption  of  water  in  (see  Swampscott) 420 

Water  supply  of  (see  Swampscott) 237 

Nantucket,  consumption  of  water  in 420 

Water  supply  of,  examination  of 238 

Nashua  River,  examination  of .  402 

North  Branch  below  Fitchburg 402 

North  Branch  above  Lancaster 403 

Stillwater  River  at  Sterling 405 

At  Groton 166 

Quinepoxet  River  in  Holden 404 

South  Branch  above  Clinton 406 

South  Branch  above  Lancaster 407 

Natick,  consumption  of  water  in 420 

Water  supply  of,  examination  of 241 

Heights  of  water  in  Dug  Pond 243 

Need  ham,  consumption  of  water  in 420 

Water  supply  of,  examination  of 248 

Neponset  Meadows,  sanitary  condition  of xxviii 

Neponset  River,  examination  of 408 

At  Norwood 410 

Above  Hyde  Park 410 

At  Hyde  Park 185 

At  Mattapan 411 

New  Bedford,  consumption  of  water  in 420 

Health  of 776 

Water  supply  of,  examination  of 244 

Heights  of  water  in  Acushnet  Reservoir  and  Little  Quittacas  Pond       .  248 

Newburyport,  consumption  of  water  in 420 

Water  supply  of,  examination  of 249 

New  Lenox,  examination  of  Housatonic  River  at 397 

Newton,  consumption  of  water  in 420 

Health  of 777 

Water  supply  of,  examination  of 250 

Main  under-drain  beneath  Laundry  Brook  valley  sewer,  examination 

of  water  of 254 

Main  under-drain,  Cheesecake  Brook  division,  examination  of  water  of  253 

Main  under-drain,  Hyde  Brook  division,  examination  of  water  of  25% 
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Newton  Reservoir,  Athol,  examination  of  water  of 91 

Nitrification,  effect  of  winter  weather  upon 461 

Nitrogen,  storage  of,  in  sand  of  experimental  sewage  filters  at   Law- 
rence   460, 466 

North  Adams,  milk  of 685 

Water  supply  of,  examination  of 254 

Northampton,  health  of 778 

Milk  of 684 

Water  supply  of,  examination  of 255 

North  Attieborough,  consumption  of  water  In 420 

Health  of 779 

Water  supply  of,  examination  of 260 

Northborough,  water  supply  of,  examination  of 260 

North  borough,  Lake  Chauncy,  pollution  of,  advice  of  Board       ...  70 

North  Brookfleld,  consumption  of  water  in   .        .        .     .    .        .         .        .  420 

Water  supply  of,  examination  of 262 

North  Easton  Village  District,  Easton,  water  supply  of,  examination  of    .  149 

North  Pond,  Orange,  examination  of  water  of 269 

North  Watuppa  Lake,  Fall  River,  examination  of  water  of  ...        .  151 

Norton,  examination  of  water  from  a  tributary  of  Wading  River        .        .  266 

Norwood,  consumption  of  water  In 420 

Water  supply  of,  examination  of 266 

Heights  of  water  in  Buckmaster  Pond 268 

Examination  of  Neponset  River  at 410 

Notch  Brook,  North  Adams,  examination  of  water  of 254 

Notification  of  infectious  diseases xiii 

Nutmegs,  inspection  of 673 

Nutting's  Pond,  Billerica,  examination  of  water  of 9S 

Offensive  trades xxi 

Olive  oil,  inspection  of 671 

Orange,  consumption  of  water  In 420 

Water  supply  of,  examination  of 269 

Orr's  Pond,  Attieborough,  examination  of  water  of 93 

Osgood  Brook,  in  Wendell  and  Montague,  examination  of  water  of    .         .  236 
Oxygen,  dissolved,  in  Merrimack  River  water  and  effluents  from  experi- 
mental water  filters  at  Lawrence .  524 

Palmer  Fire  District,  Palmer,  water  supply  of ,  examination  of    .         .        .  272 

Pax  ton,  advice  of  Board  in  relation  to  water  supply  of         ...  38 

Examination  of  water  with  reference  to  proposed  water  supply     .         .  273 

Peabody,  consumption  of  water  in 420 

Water  supply  of,  examination  of 273 

Peabody  and  Salem,  sewage  disposal  of          .......  xxviii 

Pembroke,  Big  Sandy  Pond,  examination  of  water  of          ...  77 

Pentuckct  Lake,  Haverhill,  examination  of  water  of     .        .         .                  .  170 

Pepper,  inspection  of G73 

Pepperell,  advice  of  Board  in  relation  to  water  supply  of     .         .         .         .  38 

Examination  of  water  with  reference  to  proposed  water  supply     .         .  •    276 

Permanency  of  sewage  filters 4.?S 

Directly  dependent  upon  the  treatment  which  they  receive    ...  45$ 

Efficiency  of  water  filters  in  removing  bacteria      .....  506 
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Pine  Hill  Reservoir,  Holden,  examination  of  water  of 175 

Pittsfleld,  milk  of 684 

Water  supply  of,  examination  of 277 

Advice  of  Board 40 

Plain ville,  water  supply  of  (see  Wrentham) 58,  856 

Pleasant  Lake,  Montague,  examination  of  water  of 237 

Pleasant  Pond,  Wenham,  examination  of  water  of 828 

Plymouth,  water  supply  of,  examination  of 280 

Pneumonia,  mortality  from lxv,  lxvii 

Pollution  of  inland  waters 67 

Pond  Brook,  Gardner,  examination  of  water  of 624 

Pontoosuc  Lake,  Pittsfleld,  examination  of  water  of 279 

Population  of  cities  and  towns  having  and  not  having  public  water  supplies  417 

Population  of  Massachusetts xlix 

Of  cities  and  large  towns,  1895  (United  States  census) ....  736 

Powderhorn  Brook  Reservoir,  Chicopee.  examination  of  water  of       .        .  188 

Powow  Hill  Water  Company,  Amesbury,  advice  of  Board    ....  13 

Examination  of  water  of 83 

Precipitation,  chemical,  of  sewage  at  Lawrence 450,  467 

Prodiglosus,  Bacillus,  method  of  application  to  water  filters  at  Lawrence  .  528 

Prosecutions 650 

Provlncetown,  consumption  of  water  in 420 

Health  of 779 

Water  supply  of ,  examination  of 281 

Puerperal  fever,  mortality  from lxvill 

Weekly  summary  of  deaths 721 

Purification  of  sewage  in  cities  and  towns  in  Massachusetts        .                .  601 
Purification  of  sewage  and  water.    (See  Sewage,  Filtration  of,  and  Water, 
Filtration  of.) 

Quantitative  efficiency  of  experimental  water  filters  at  Lawrence         .  505 

Quincy,  consumption  of  water  in 420 

Health  of 779 

Water  supply  of,  examination  of 283 

Heights  of  water  in  storage  reservoir 286 

Quinepoxet  River,  examination  of,  in  Holden 404 

Quinsigamond  River  at  Farnumsville,  examination  of 388,  389 

Quinsigamond  Lake  (Shrewsbury),  pollution  of,  advice  of  Board        .        .  69 

Rainfall,  normal,  in  Massachusetts 421 

At  nine  places  in  Massachusetts,  geographically  selected       .        .        .  422-427 

Randolph  and  Holbrook,  consumption  of  water  in 420 

Water  supply  of,  examination  of 286 

Rate  of  filtration,  of  experimental  sewage  filters  at  Lawrence     .        .        .  462 

Of  experimental  water  filters  at  Lawrence 605 

Effect  of,  upon  efficiency  of  water  filters 615 

Reading,  consumption  of  water  in 520 

Water  supply  of,  examination  of 286 

Advice  of  Board 41 

Recommendations  to  the  Legislature xxxiil 

Registration  of  vital  statistics.     (See  Vital  Statistics.) 
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Removal  of  bacteria.    (See  Bacteria.) 

Removal  of  organic  matter.     (See  Chemical  Purification.) 

Resting,  effect  of,  upon  sewage  filters 461 

Revere  and  Winthrop,  consumption  of  water  In 420 

Water  supply  of,  examination  of 288 

Rice's  Mill-pond,  Brookfield,  examination  of  water  of          ...         .  123 
Richards,  Ellen  H.,  SB.,  the  hardness  of  water  and  methods  by  which  it 

is  determined 433 

Rivers,  examination  of 359 

Flow  of  (see  also  Sudbury  River  and  Merrimack  River)        .         .         .    195,  42$ 

Roaring  Brook,  Washington,  examination  of  water  of         ...  321 

Roberts'  Meadow  Brook,  Northampton,  examination  of  water  of         .        .  256 

Rockland,  consumption  of  water  in  (see  Abington) 419 

Water  supply  of  (see  Abington) 290 

Rockport,  consumption  of  water  in 420 

Water  supply  of,  examination  of 290 

Routine  work  of  Board xxx 

Ruggles  Pond  in  Montague  and  Wendell,  examination  of  water  of  236 

Running  Gutter  Brook,  Hatfield,  examination  of  water  of   ....  168 

Rutland,  advice  of  Board 46 

Examination  of  water  of  Muschopauge  Lake 292 

Sachem  Brook,  Lanesborough,  examination  of  water  of      ...  278 

Sackett  Brook,  Pitts  field,  examination  of  water  of 277 

Salem,  consumption  of  water  in 420 

Health  of 779 

Salem  and  Beverly,  water  supply  of,  examination  of 292 

Heights  of  water  in  Wenham  Lake 296 

Salem  aud  Peabody,  sewage  disposal  of xxviii 

Salisbury  Brook  storage  reservoir,  Brockton,  examination  of  water  of       .  123 

Salisbury  Brook  storage  reservoir,  heights  of  water  in         ...  I2"> 

Saltonstall  Lake,  Haverhill,  examination  of  water  of 170 

Sandra  Reservoir,  Westborough,  examination  of  water  of    .         .         .         .  328 

Sandy  Pond,  Lincoln,  examination  of  water  of 143 

Saugus,  consumption  of  water  in  (see  Lynn)         ......  420 

Water  supply  of  (see  Lynn) 296 

Saugus  River,  examination  of  water  of 214 

Scarlet  fever,  mortality  from lxiv,  lxvi 

Reported  cases  of 725,  726 

Weekly  summary  of  deaths 720 

Scott  Reservoir,  Fitch  burg,  examination  of  water  of 152 

Scraping,  effect  of,  upon  bacterial  purification  of  water  by  filtration   .         .  521 

Summary  of  results  of  scraping  water  filters 522 

Sedimentation,  purification  of  sewage  by,  at  Lawrence         ....  467 

Segregansett  River  at  Dighton,  examination  of  water  of     ...  147 
Sewage : 

Experiments  upon  filtration  of,  at  the  Lawrence  Experiment  Station    .    445-503 
Character  of  the  sewage  used  at  the  Experiment  Station       .         .         .    446-458 

Analyses  of  sewage  applied  to  certain  large  filters  in  the  State      .        .  452 

Permanency  of  sewage  filters 453 

Effect  of  resting 461 
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Sewage  —  Continued. 

Effect  of  winter  weather 461 

Average  purification  of  sewage  by  the  several  filters  in  1895          .        .  461 

Experiments  upon  the  rapid  filtration  of  sewage  from  which  the  sludge 

has  been  removed  by  different  methods         .....  468 

The  disposal  of  waste  liquors  from  industrial  works      ....  469 

Paper  making 469 

Wool  scouring 469 

Tannery  sewage 471 

Filter  No.  1,  experiments  upon  purification  of  sewage  by  coarse  sand  .  473 

Analyses  of  sewage  applied  to  filter 449 

Average  purification 462 

Storage  of  applied  nitrogen 460 

Filter  No.  2,  experiments  upon  purification  of  sewage  by  fine  sand       .  474 

Average  purification 462 

Filter  No.  4,  experiments  upon  purification  of  sewage  by  very  fine 

sand  with  trench  filled  with  coarse  sand 475 

Average  purification 462 

Filter  No.  5,  experiments  upon  purification  of  sewage  by  fine  gravel    .  477 

Average  purification 462 

Filter  No.  6,  experiments  upon  purification  of  sewage  by  mixed  coarse 

and  fine  sand 478 

Analyses  of  sewage  applied  to  filter 449 

Average  purification '  462 

Filter  No.  9  A,  experiments  upon  purification  of  sewage  by  medium 

fine  sand 479 

Analyses  of  sewage  applied  to  filter 449 

Average  purification 462 

Storage  of  applied  nitrogen 460 

Filter  No.  10,  experiments  upon  purification  of  sewage  by  mixed 

coarse  and  fine  sand 480 

Average  purification 462 

Filters  Nos.  12  A,   15  B,   16  B,  experiments  upon  the  purification  of 

sewage  by  filtration  through  gravel  with  the  aid  of  a  current  of 

air,  and  filtration  of  resulting  effluent  through  medium  fine  sand  482 

Average  purification 462 

Filter  No.  13  A,  experiments  upon  the  purification  of  sewage  from 

which  sludge  has  been  partially  removed  by  sedimentation,  by 

filtration  through  medium  fine  sand 485 

Filter  No.  14  A,  experiments  upon  the  purification  of  sewage  by  medium 

fine  sand         .' 487 

Filter  No.   19,  experiments  upon  purification  of  sewage  from  which 

sludge  has  been  partially  removed  by  chemical  precipitation,  by 

medium  fine  sand 488 

Filter  No.  21  A,  experiments  upon  purification  of  sewage  by  fine  sifted 

gravel,  aided  by  a  current  of  air 489 

Average  purification 462 

Filter  No.  22  A,  experiments  upon  purification  of  sewage  by  fine  coke 

breeze 490 

Average  purification 462 

Filter  No.  51,  experiments  upon  the  purification  of  sewage  by  gravel  .  491 

Average  purification NSfc 
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Filter  No.  62,  experiments  upon  the  purification  of  sewage  by  coke 

breeze 491 

Average  purification 462 

Filter  No.  53,  experiments  upon  the  purification  of  sewage  by  medium 

fine  sand 493 

Filter  No.  54,  experiments  upon  the  purification  of  sewage  by  medium 

fine  sand         ..........         •         •  494 

Filter  No.  55,  experiments  upon  the  purification  of  sewage  by  coarse 

sano        •••••■••••        •        •  499 

Filter  No.  56,  experiments  upon  the  purification  of  sewage  by  coarse 

sand 497 

Filter  No.  57,  experiments  upon  the  purification  of  sewage  by  coke 

breeze 498 

Filter  No.  58,  experiments  upon  the  purification  of  sewage  by  coke 

breeze 499 

Summary  of  work  of  filters  Nos.  51  to  58,  inclusive      ....  500 

Filter  No.  59,  experiments  upon  the  purification  of  sewage  by  gravel  .  500 

Average  purification 46* 

Filter  No.  60,  experiments  upon  the  purification  of  sewage  by  medium 

sand 501 

Filter  No.  61,  experiments  upon  the  purification  of  sewage  by  medium 

flue  sand 502 

Filters  Nos.  VI  and  VII,  experiments  upon  the  purification  of  sewage 

by  medium  sand  and  coke  breeze. 503 

Filter  No.  VIII,  experiments  upon  the  purification  of  sewage  by  me- 
dium 8  and 503 

Sewage  purification  of  cities  and  towns  in  Massachusetts    .        .         .        .  601 

At  Amherst 602 

At  Brockton 604 

At  Framiugham 6o> 

At  Gardner 61$ 

At  Marlborough 624 

AtMedfleld 632 

Sewerage  and  sewage  disposal,  action  of  the  Board  in  reply  to  applications 

for  advice  concerning 5S 

Sharon,  consumption  of  water  in .  420 

Water  supply  of,  examination  of 297 

Sheffield,  advice  of  Board  in  relation  to  water  supply 40 

Examination  of  water  with  reference  to  proposed  water  supply.        .  298 

Sherman  Brook  Spring,  Williamstown,  examination  of  water  of          .         .  336 

Shirley,  examination  of  water  with  reference  to  proposed  water  supply      .  298 

Shrewsbury,  Lake  Quinsigamond,  pollution  of 69 

Singletary  Brook,  at  Millville,  examination  of  water  of       ...  386,  337 

Small-pox,  mortality  from lxiv,  lxvi 

Prevalence  of is 

Reported  cases  of 72S 

Smith  Brook,  Pitlsfleld,  examination  of  water  of 27s 

Somerset  and  Dighton,  advice  of  Board  in  relation  to  water  supply     .         .  1? 

Somerville,  consumption  of  water  in  (see  Boston,  Mystic  Works)      .        .  419 

Health  of 7e0 
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Somerville —  Concluded. 

Water  supply  of  (see  Boston,  Mystic  Works) 300 

Examination  of  water  from  a  spring  at  Winter  Hill        ....  300 

Southampton,  Manhan  and  Tucker  brooks,  examination  of  water  of  .        .  180 

Southborough,  examination  of  water  of  Stony  Brook,  Boston  Water  Works  110 

South  Brook,  Cheshire,  examination  of  water  of 81 

South  Hadley,  milk  of 685 

South  Pond,  Brookfleld,  examination  of  water  of 125 

Spencer,  examination  of  water  from  Brook's  Pond 300 

Spices,  inspection  of 646,  672 

Spot  Pond,  Stoneham,  examination  of  water  of 217 

Springfield,  milk  of 684 

Sewage  disposal,  advice  of  Board 64 

Water  supply  of,  examination  of 301 

Heights  of  water  in  Ludlow  Reservoir 306 

Spring  Pond,  Peabody,  examination  of  water  of 274 

Statistical  summaries  of  disease  and  mortality 711 

Summary  of  the  weekly  mortality  reports  from  cities  and  towns  .        .  712 
Fatality  (ratio  of  deaths  to  cases)  from  certain  infectious  diseases  in 

1894 725 

Reported  cases  of  infectious  diseases  in  Massachusetts  for  1895; 

diphtheria  and  croup,  scarlet  fever,  typhoid  fever  and  measles   .  725 
Reported  cases  of  infectious  diseases  in  Massachusetts  for  five  years, 
1891-95;  diphtheria  and  croup,  scarlet  fever,  typhoid  fever  and 

measles 725 

Fatality  from  diphtheria,  scarlet  fever  and  typhoid  fever  in  England 

for  1890-94 727 

Certain  infectious  diseases  reported  to  local  boards  of  health  in  1895  722 
Reports  of  diseases  dangerous  to  the  public  health  from  cities  and 

towns  under  the  provisions  of  chapter  302  of  the  Acts  of  1893    .  728 
Cases  of  infectious  diseases  reported  to  this  Board  from  one  hundred 

and  seventy-two  cities  and  towns  during  1895      ....  780 

List  of  towns  from  which  no  reports  were  received    ....  733 
Returns  of  death  from  cities  and  towns  having  a  population  of  more 

than  5,000 735 

Names  of  reporting  towns  and  cities  with  estimated  population  for 

1895 736 

Total  deaths,  deaths  by  sexes  and  age  periods,  and    still-births 

(table) 738-741 

Deaths  by  months  (table) .     742-745 

Deaths  from  specified  causes  (table) 746-749 

Causes  of  death  (table) 750 

Statistical  tables xxxi 

Still-births.    (See  Births.) 

Stillwater  River  at  Sterling,  examination  of  water  of 405 

Stockbridge,  water  supply  of,  examination  of 306 

Honeham,  consumption  of  water  in  (see  Wakefield) 420 

Water  supply  of  (see  Wakefield) 306 

Itony  Brook,  Boston,  examination  of  water  of 412 

tony  Brook,  Southborough,  examination  of  water  of         ....  110 

Stony  Brook  storage  reservoir,  Waltham 182 
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Stoughton,  consumption  of  water  in 

Water  supply  of,  examination  of 

Advice  of  Board 

Sudbury  River,  average  monthly  flow  of,  in  1895  .... 
Average  weekly  flow  of  Sudbury  River  and  Merrimack  River 
Rainfall  received  and  collected  on  water-shed  of,  in  1895 

Yield  of  water-shed,  1875-95 

Examination  of  water  of 

Sudbury  and  Concord  rivers,  report  on  improvement  of 

Summary  of  water  supply  statistics        . 

Summary  of  weekly  mortality  reports    .... 

Swampscott  and  Nahant,  consumption  of  water  in 
Water  supply  of,  examination  of     . 

Syphilis,  mortality  from 


Tannery  sewage,  purification  of 

Tatnuck  Brook  storage  reservoir,  Worcester,  examination  of  water  of 
Taunton,  consumption  of  water  In         .... 

Health  of 

Water  supply  of,  examination  of     . 
Taunton  River  at  Taunton,  examination  of  water  of     . 

Tea,  inspection  of 

Ten-mile  River,  examination  of  water  of,  at  Attleborough 

Tewksbury,  sewage  disposal  of,  advice  of  the  Board   . 

Tlsbury,  consumption  of  water  in 

Tophet  Brook,  Adams,  examination  of  water  of  . 

Town  Brook,  Quincy,  examination  of  water  of     . 

Tucker  Brook,  Southampton,  examination  of  water  of 

Turner's  Falls  Fire  District,  Montague,  water  supply  of,  examination 

Turner's  Pond,  Shirley,  examination  of  water  of  . 

Typhoid  fever,  mortality  from 

Prevalence  of 

Deaths  from,  In  cities  of  Massachusetts,  1871-94  . 

Deaths  from,  in  Lawrence,  1885-95 

Reported  cases  of 

Weekly  summary  of  deaths 


of 


P1SI 

420 
307 
47 
4i* 
429 
430 
431 
106 

xixii 
417 
709 
420 
307 

lxviii 

471 
349 
420 
780 
309 
315 
674 
412 

65 
420 

82 
2?3 
ISO 
237 


lxiv, 


725, 


lxvi 

X 

xiii 

i 

726 

71S 


Under-drains  beneath  sewers,  examination  of  water  of : 

Framingham 

Med  ford 

Newton     .......... 

Upper  Naukeag  Pond,  Ashburnham,  examination  of  water  of 
Uxbridge,  water  supply  of,  examination  of  . 

Examination  of  Blackstone  River  at       ... 

Examination  of  Mumford  River  at 

Examination  of  West  River  at 


Vine  Brook  storage  reservoir,  Lexington,  examination  of  water  of 

Vinegar,  inspection  of 

Vital  statistics  of  Massachusetts,  1894 

Population  of  Massachusetts 
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Vital  statistics  of  Massachusetts  —  Concluded. 

Population,  marriages,  births  and  deaths  in  Massachusetts  (1842-94) 

(table) 1 

Interstate  and  international  vital  statistics 11 

Of  principal  foreign  countries  and  the  New  England  States,  1871-90, 

1893,  1894  (table) lii 

Marriages liii-lv 

Births lv-lviii 

Deaths lix-lxix 

Causes  of  death lxi 

Statistics  of  certain  causes  of  deaths,  Massachusetts,  1895,        .        .  Ixiii 

Brain  diseases Ixv,  lxvii 

Cancer Ixv,  lxvii 

Cholera  infantum Ixiv,  lxvi 

Consumption Ixiv,  lxvi 

Diphtheria  and  croup Ixiv,  lxvi 

Erysipelas lxviii 

Heart  diseases Ixv,  lxvii 

Kidney  diseases Ixv,  lxvii 

Malarial  fever lxviii 

Measles Ixiv,  lxvi 

Pneumonia Ixv,  lxvii 

Puerperal  fever lxviii 

Scarlet  fever Ixiv,  lxvi 

Small-pox ixiv,  lxvi 

Syphilis lxviii 

Typhoid  fever Ixiv,  lxvi 

Whooping-cough Ixv,  lxvii 

Wading  River  in  Norton,  examination  of  water  of 266 

Wakefield,  health  of 780 

Wakefield  and  Stoneham,  consumption  of  water  in 420 

Water  supply  of,  examination  of 316 

Walden  Pond,  Lynn,  examination  of  water  of 211 

Walker's  Brook,  Marlborough,  examination  of  water  of      ...        .  109 

Wallace  Pond,  Gloucester,  examination  of  water  of 161 

Walpole,  advice  of  Board  in  relation  to  water  supply  of      ...        .  50 

Examination  of  water  with  reference  to  proposed  water  supply   .        .  317 

Waltham,  consumption  of  water  in 420 

Health  of 781 

Water  supply  of,  examination  of 318 

Wannacomet  Pond,  Nantucket,  examination  of  water  of     ...        .  238 

Ware,  consumption  of  water  In 420 

Milk  of 686 

Water  supply  of,  examination  of 320 

Ware  River,  examination  of  water  of,  at  Cold  Brook  Station,  Barre  .        .  413 
Washington,    examination   of   water   from   West    Pond    and    Roaring 

Brook 321 

Waste  liquors  from  industrial  works,  disposal  of 469 

Paper  making 469 

Wool  scouring 469 

Tannery  sewage WV 
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TAG* 

Water: 

Experiments  upon  the  filtration  of,  at  the  Lawrence  Experiment  Sta- 
tion            504-5*1 

Outline  of  objects,  plans  and  results  of  experiments     ....  504 
Summary  of  results  of  experimental  filtration  of  Merrimack  River 

water 505 

Discussion  of  bacterial  efficiency  of  the  filters 506 

Bacterial  efficiency  of  the  small  in-door  filters 50$ 

Bacterial  purification 508 

Increased  effectiveness  of  filters  due  to  age  or  period  of  service         .  511 
Effect  of  different  depths  of  filtering  material  upon  bacterial  effi- 

Cl"Ut/V         •             •.....»..               .              .  01Z 

Effect  of  amount  of  loss  of  head  upon  bacterial  efficiency .         .        .  515 

Effect  of  fluctuation  in  rate  upon  bacterial  efficiency  ....  515 

High  rates  of  filtration 517 

Effect  of  method  of  application  of  water  to  the  filters  upon  bacterial 

efficiency 519 

Method  of  putting  filters  into  operation  after  scraping      ...  520 

Summary  of  results  of  scraping  water  filters 521 

Chemical  purification  of  water  by  filtration 522 

Character  of  Merrimack  River  water  applied  to  the  experimental  filters  525 

Application  of  B.  prodigiosus  to  filters 509,  52$ 

Detailed  account  of  the  work  of  the  several  water  filters  in  1895  .        .  530 
Histories  of  the  several  filters,  with  tables  of  analytical  results    .        .    530-581 

Lawrence  city  filter,  with  tables  of  daily  results 571-581 

Water,  the  hardness  of,  and  methods  by  which  it  is  determined,  by  Ellen 

H.  Richards,  S.B 433 

Water,  purification  of,  by  sand  filtration 504 

Water  supply  and  sewerage,  action  of  the  Board  in  reply  to  applications 

for  advice  concerning 3 

Review  of  work  relating  to xxvi 

Water  supply  statistics,  summary  of 417 

Watertown,  health  of * .         .         .  781 

Watertown  and  Belmont,  consumption  of  water  in 420 

Water  supply  of,  examination  of 322 

Water  works : 

Consumption  of  water 419,  420 

Date  of  introduction  of,  into  cities  and  towns 418 

Number  of 417 

Ownership  of 418 

Way  land,  examination  of  water  of  Lake  Cocbituate,  Boston  Waterworks  113 

Water  supply  of,  examination  of 325 

Webster,  consumption  of  water  in 420 

Sewage  disposal,  advice  of  Board 66 

Water  supply  of.  examination  of 326 

Examination  of  French  River  in 395 

Wellesley,  consumption  of  water  in 420 

Water  supply  of,  examination  of 327 

Wenharo,  advice  of  Board  in  relation  to  water  supply  of               .  ■       .        .  51 

Examination  of  water  with  reference  to  proposed  water  supply    .         .  328 

Wenham  Lake,  in  Beverly  and  Wenham,  examination  of  water  of  293 
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Wes thorough,  water  supply  of,  examination  of 828 

Examination  of  water  from  Chauncy  Pond  and  Little  Chauncy  Pond  .  832 
Westhorough  Insane  Hospital,  Westborough,  water  supply  of,  examina- 
tion of 831 

West  Deerfleld,  milk  of 685 

Westfleld,  health  of 782 

Milk  of 685 

Water  supply  of,  examination  of 333 

Advice  of  Board 52 

Westford,  health  of 782 

Weston,  advice  of  Board  in  relation  to  water  supply  of       ...        .  52 

Examination  of  water  with  reference  to  proposed  water  supply    .        .  834 

West  Pond,  Washington,  examination  of  water  of 821 

West  River  at  Uxbridge,  examination  of 390,  391 

West  Springfield,  water  supply  of 335 

Weymouth,  consumption  of  water  in 420 

Water  supply  of,  examination  of 335 

White  Pond,  Maynard,  examination  of  water  of 226 

Whiting  Street  storage  reservoir,  Holyoke,  examination  of  water  of  .        .  177 

Whitman,  consumption  of  water  in 420 

Health  of 782 

Whooping-cough,  mortality  from lxv,  lxvii 

Weekly  summary  of  deaths 721 

Williams  Lake,  Marlborough,  examination  of  water  of        ...        .  223 

Williamstown,  water  supply  of,  advice  of  Board 58 

Examination  of .  336 

Examination  of  Hoosac  River  at 896 

Winchendon,  proposed  water  supply  of 337 

Advice  of  Board 54 

Winchester  water  supply,  examination  of 837 

Winter  weather,  effect  of,  upon  nitrification 461 

Winthrop,  consumption  of  water  in 420 

Water  supply  of  (see  Revere) 288 

Woburn,  consumption  of  water  in 420 

Health  of 782 

Water  supply  of,  examination  of 344 

Worcester,  health  of 782 

Water  supply  of,  examination  of 346 

Advice  of  the  Board 57 

Heights  of  water  in  Leicester  and  Holden  storage  reservoirs         .        .  356 

Worcester,  Dr.  C.  P.,  report  of,  on  food  and  drugs 659 

Worcester  Precipitation  Works,  analyses  of  sewage  and  effluent  at    .        .  360 

Special  examination  of 867 

Wright  Pond,  Holyoke,  examination  of  water  of 179 

Wright's  Pond,  Medford,  examination  of  water  of 228 

Wrentham  (Plain ville),  advice  of  the  Board  in  relation  to  water  supply  of  58 

Examination  of  water  with  reference  to  proposed  water  supply    .        .  856 
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